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FOR 

THE   BENEFIT   OF  THE  BRITISH   SOLDIER 

IS  DEDICATED. 


PREFACE  TO  THE  nTTfl  EDITION. 


When  Dr  Parkes  died,  no  notes  or  instructions  were  found  among 
his  papers  to  indicate  any  special  changes  he  intended  making  in 
the  form  or  arrangement  of  this  work.  It  may  therefore  be 
concluded  that  no  material  alteration  was  contemplated.  The 
arrangement  of  the  last  edition  has  therefore  been  adhered  to  as 
closely  as  possible,  although  it  has  been  necessary  to  re-write  some 
portions — ^such  as  the  chapter  on  Water  Analysis — which  required 
alteration,  either  on  account  of  the  introduction  of  improved 
methods  of  working,  or  because  they  were  found  practically  incon- 
venient. Some  new  matter  has  been  introduced  from  the  comprehen- 
sive Reports  on  Hygiene  published  by  Dr  Parkes  in  the  Army 
Medical  Reports,  emd  where  new  notes  have  been  added  they  are 
generally  distinguished  by  initials.  Tables  of  useful  numbers  and 
of  standard  solutions  are  given  in  the  Appendix  for  convenience 
of  reference,  and  the  Index  has  been  considerably  expanded. 
Although  these  alterations  entail  some  little  addition  to  its  bulk, 
it  is  hoped  that  they  will  at  the  same  time  increase  the  usefulness 
of  the  Manual 

THE  EDITOR. 

JANUJkRY  1878. 


PREFACE  TO  THE  FOURTH  EDITION. 


In  compliance  with  requests  made  to  me  that  I  should  put  this 
edition  in  a  form  adapted  for  Civil  Medical  Officers  of  Health,  I 
have  not  only  re- written  many  chapters,  as  well  as  carefully  revised 
all,  but  I  have  transferred  the  purely  military  part  to  the  Second 
Book.  In  this  way,  without  taking  away  the  special  character  of 
the  work,  I  have  endeavoured  to  meet  the  desires  expressed  to  me. 

Although  much  new  matter  has  been  added,  and  some  parts  of 
the  book  has  been  greatly  enlarged,  I  have  exceeded  the  size  of  the 
last  edition  only  by  thirty-two  pages,  and  though  I  have  been  obliged 
to  sacrifice  something  to  keep  the  size  so  nearly  the  same,  I  hope 
nothing  material  has  been  omitted. 

I  have  thought  it  undesirable  to  occupy  space  by  giving  an 
abstract  of  the  Sanitary  Laws,  as  this  is  better  done  in  special 
treatises,  and  as  considerable  changes  may  be  made  within  a  short 
period.  The  useful  "Digest  of  Urban  Sanitary  Laws,"  lately 
published  by  the  Local  Government  Board,  also  renders  any  legal 
details  less  necessary. 

It  is  becoming  every  year  more  difficult,  on  account  of  space,  to 
give  the  evidence  on  various  questions  connected  with  the  causes 
and  prevention  of  disease ;  I  have  therefore  ventured  to  refer  in 
many  cases  for  fuUer  details  of  evidence  to  my  Annual  Eeports  on 
Hygiene,  which  have  been  published  in  the  Army  Medical  Depart- 
ment Eeports  for  the  last  twelve  years. 


June  1873v 


PREFACE  TO  THE  FIRST  EDITION. 


The  Eoyal  Commission  appointed  in  1857  to  inquire  into  the 
sanitary  condition  of  the  army  in  England,  prepared  a  new  edition 
of  the  "  Queen's  Hospital  Eegulations/'  which  was  published  by 
authority  in  1859  * 

The  new  Eegulations  entirely  altered  the  position  of  the  Army 
Medical  OflScer.  Previously  the  Army  Surgeon  had  been  entrusted 
officially  merely  with  the  care  of  the  sick,  though  he  had  naturally 
been  frequently  consulted  on  the  preservation  of  health  and  the 
prevention  of  disease.  But  the  Eegulations  of  1859  gave  him  an 
official  position  in  this  direction,  as  he  is  ordered  "  to  advise  com- 
manding ofi&cers  in  all  matters  affecting  the  health  of  troops, 
whether  as  regards  garrisons,  stations,  camps,  and  barracks,  or  diet, 
clothing,  drill,  duties,  or  exercises  "  (p.  7). 

The  Commission  also  recommended  that,  to  enable  the  Army 
Surgeon  to  do  this  efficiently,  an  Army  Medical  School  should  be 
established,  in  which  the  "  specialties  of  military  medicine,  surgery, 
hygiene,  and  sanitary  science  "  might  be  taught  to  the  young  medi- 
cal officers  entering  the  army. 

This  work  is  an  attempt  to  carry  out  the  wishes  of  the  Commis- 
sioners as  regards  sanitary  science,  by  providing  a  text-book  of 
Hygiene,  illustrated  by  examples  drawn  from  army  life,  for  the 
gentlemen  attending  the  Army  Medical  School 

The  Official  Medical  Eegulations  have  been  taken  as  the  basis  of 
the  work,  I  have  endeavoured  to  see  what  the  Eegulations  demand 
from  the  medical  officers  of  the  army,  and  what  are  the  duties  they 
chiefly  have  to  do,  and  then  to  explain  how  the  Eegulations  are  to 
be  carried  out.     In  writing  this  work  I  have  had  to  deal  only  with 

*  "  B^;iilation8  for  the  Daties  of  Inspectors-General  and  Deputy- Inspectors- 
general,  and  for  the  Duties  of  Staff  and  Regimental  Medical  Officers,  &c.,"  1859. 
This  work  is  also  termed,  for  shortness,  "  Medical  Eegulations." 
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one  sex,  a  certain  age,  and  a  particular  trade ;  but  as  the  general 
principles  of  hygiene  are  tolerably  fully  discussed,  I  have  thought 
it  entitled  to  be  called  a  work  on  general  hygiene. 

The  work  is  divided  into  two  books :  in  the  First  I  have  arranged 
the  chief  subjects  of  hygiene  in  what  is,  for  my  purpose,  the  most 
convenient  order,  and  have  illustrated  them  by  examples  drawn 
from  army  life.  I  have  also  included  some  other  topics,  such  as 
meteorology  and  statistics,  which  it  is  important  medical  officers 
should  learn.  In  these  several  chapters  I  have  thought  constantly 
on  what  would  be  useful  to  army  surgeons,  who  are  often  far  from 
all  books,  or  possibility  of  reference.  So  that,  in  some  parts,  I  have 
endeavoured  to  make  the  book  one  of  reference,  though  I  have  been 
obliged  to  compress  it  to  the  greatest  degree.  In  the  Second  Book, 
the  service  of  the  soldier  is  more  particularly  described. 

To  enable  medical  officers  to  perform  the  chemical  processes 
required  in  the  analyses  of  water  and  air,  and  in  the  examination  of 
food,  the  Director-General  has  recommended,  and  Lord  de  Grey 
has  been  pleased  to  sanction,  the  issue  of  a  small  box,  containing 
sufficient  apparatus  and  reagents  for  these  processes,  and  this  will 
be  issued  to  the  several  stations  on  demand.  After  much  considera- 
tion, I  have  adopted  the  French  weights  and  measures,  as  being  more 
convenient  for  volumetric  analyses,  of  which  considerable  use  is 
made.  In  chemistry  the  battle  of  the  standards  is  over,  and  the 
simplicity  of  the  French  weights  is  such  that  even  those  who  are 
not  at  first  acquainted  with  them  will,  in  a  very  short  time,  find  no 
difficulty  in  using  them.  I  have  made  the  chemical  directions  as 
simple  as  possible,  and  have  thought  it  best  to  use  the  old  equiva- 
lents and  notation.* 

I  have  to  thank  my  friend,  Dr  Maddox,  for  very  kindly  drawing 
for  me  all  but  two  of  the  microscopic  objects ;  his  drawings  have 
been  very  carefully  engraved  on  copper  or  wood  by  Mr  Bagg.  I 
must  express  my  obligations  to  the  Council  of  the  Eoyal  United 
Service  Institution  for  permitting  me  to  use  the  stone  with  the 
lithographs  of  knapsacks,  employed  in  illustration  of  Dr  Maclean's 
paper,  published  in  the  10th  volume  of  the  Journal  of  the  Council.t 

I  have  to  thank  also  my  friends,  Dr  Sutherland  and  Dr  Francois 
de  Chaumont,  for  many  valuable  suggestions. 


*  In  the  later  editions  the  new  notation  was  adopted, 
t  This  plate  has  been  left  out  of  the  later  editions. 
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Page  18,  line  8  from  bottoiii](footnote), /or  " sample"  read  "samples." 

¥9gd  105,  line  6  of  colnmn  of  figures  in  table,  far  «  9*5621 "  read  "  0'5621.'' 

Page  191,  line  26, /or  "so  called,"  read  "  to  calL" 

Page  267,  MOk.  A  further  corroboration  of  the  transmission  of  Enteric 
Fever  through  milk  is  given  in  Dr  Bnasell's  Beport  on  the 
epidemic  in  Hillhead,  a  western  suburb  of  Glasgow,  Decemlier 
1877.— See  BrUitth  Medical  JbttmaZ»  January  19,  1878,  page  101. 
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INTRODUCTION. 


Htoibnb  is  the  art  of  preserving  healtb ;  that  is,  of  obtaining  the  most  perfect 
action  of  bodj  and  mind  during  as  long  a  period  as  is  consistent  with  the 
kw3  of  life.  In  other  words,  it  aims  at  rendering  growth  more  perfect,  decay 
leas  lapid,  life  more  vigorous,  death  more  remota 

This  art  has  been  practised  from  the  earliest  times.  Before  Hippocrates 
tfaero  were  treatises  on  hygiene,  which  that  great  master  evidently  embodied 
in  hk  incomparable  worka  It  was  then  based  on  what  we  should  now  call 
empirical  rules — yiz,,  simply  on  observations  of  what  seemed  good  or  bad  for 
health.  Very  early,  indeed,  the  effects  of  diet  and  of  exercise  were  carefully 
noticed,  and  were  considered  the  basis  of  hygiena*  Hippocrates,  indeed, 
appears  to  have  had  a  clear  conception  of  the  relation  between  the  amount  of 
food  taken  and  of  the  mechanical  energy  produced  by  it ;  at  least,  he  is 
extremely  careful  in  pointing  out  that  there  must  be  an  exact  balance  between 
food  and  exercise,  and  that  disease  results  from  excess  either  way. 

The  effects  on  health  of  different  kinds  of  air,  of  water,  and  to  some  extent 
of  soils,  were  also  considered  at  a  very  early  date ;  though  naturally  the  igno- 
onoe  of  chemistry  prevented  any  great  advance  in  this  direction,  Hippocrates 
sommed  up  the  existing  knowledge  of  his  time  on  the  six  articles,  which  in 
after-days  received  the  absurd  name  of  the  "  Kon-naturals.''  t  ^^  ^^  articles, 
vhose  r^;ulation  was  considered  indispensably  necessary  to  the  life  of  man, 
Teifr— air,  aliment,  exercise  and  rest,  sleep  and  wakefulness,  repletion  and 
eracoation,  the  passions  and  affections  of  the  mind. 

With  the  exception  of  the  attempts  of  the  alchemists,  and  of  the  chemical 
physicians,  to  discover  some  agent  or  drug  which  might  increase  or  strengthen 
the  principle  of  life,^  the  practice  of  hygiene  remained  within  the  same  limits 

*  HerodicnB,  one  of  the  preoeptors  of  Hippocrates,  was  the  first  to  introduce  medicinal 
nrnnistics  for  the  improvement  of  health  ana  the  cure  of  disease ;  though  gymnastics  in  train- 
iag  for  var  had  been  used  long  before.  Plutarch  says  of  him,  that  labouring  under  a  decay 
vSidi  he  knew  could  not  be  perfectly  cured,  he  ¥ras  the  first  who  blended  the  gymnastic  art 
vith  i^ync,  in  andi  a  manner  as  protected  to  old  age  his  own  life,  and  the  hves  of  others 
iflieted  wil^  the  same  disease.  He  was  censured  by  Plato  for  keeping  alive  persons  with  cnuy 
UBstitotions. — Mackenzie  on  Health, 

t  This  title  originated  in  a  sentence  of  Galen,  and  was  introduced  into  use  by  the  jargon  of 
Ik  Peripatetic  schooL  It  was  employed  in  all  treatises  on  hygiene  for  probably  nearly  1500 
yean. 

X  It  was  when  chemistrywas  being  rudely  studied  by  the  alchemists  that  an  entirely  difi<Brent 
Kaool  of  hygiene  arose.  The  discovery  of  chemical  sgents,  and  the  great  efiect  they  produce 
« the  body,  led  to  the  notion  that  thev  could  in  some  way  aid  the  forces  of  life,  and  usure  a 
pnknged, 'if  not  an  eternal  youth,  and  a  life  of  ages  instead  of  one  of  years.    ThJA  belief,  the 


XX  INTRODUCTION. 

tmtil  physiology  (the  knowledge  of  the  laws  of  life)  began  to  be  studied. 
Hygiene  then  began  to  acquire  a  scientific  basis.  Still  retaining  its  empirical 
foundation  drawn  from  observation,  it  has  now  commenced  to  apply  the 
physiological  discoveries  to  the  improvement  of  health,  and  to  test  the  value 
of  its  own  rules  by  this  new  light.  It,  is  now  gradually  becoming  an  art 
based  on  the  science  of  physiology,  with  whose  progress  its  future  is  identified. 

But  the  art  of  hygiene  has  at  present  still  another  object  If  we  had  a 
perfect  knowledge  of  the  laws  of  life,  and  could  practicaUy  apply  this  know- 
ledge in  a  perfect  system  of  hygienic  rules,  disease  would  be  impossible. 
But  at  present  disease  exists  in  a  thousand  f  ormis,  and  the  human  race  lan- 
guishes, and  at  times  almost  perishes,  under  tKe  grievous  yoka  The  study 
of  the  causes  of  disease  is  strictly  a  part  of  physiology,*  but  it  can  only  be 
carried  out  by  the  practical  physician,  since  an  accurate  identification  of  the 
diseases  is  the  first  necessary  step  in  the  investigation  of  causes. 

The  causes  being  investigated,  the  art  of  hygiene  then  comes  in  to  form 
rules  which  may  prevent  the  causes  or  render  the  frame  more  fitted  to  bear 
them ;  and  as  in  the  former  case  it  was  the  exponent  of  physiology,  in  this 
case  it  becomes  the  servant  of  the  pathologist.  ' 

Taking  the  word  hygiene  in  the  largest  sense,  it  signifies  rules  for  perfect 
culture  of  mind  and  body.  It  is  impossible  to  dissociate  the  two.  The  body 
is  affected  by  every  mental  and  moral  action ;  the  mind  is  profoundly  in- 
fluenced by  bodily  conditions.  For  a  perfect  system  of  hygiene  we  must  com- 
bine the  knowledge  of  the  physician,  the  schoolmaster,  and  the  priest,  and 
must  train  the  body,  the  intellect,  and  the  moral  soul  in  a  perfect  and 
balanced  order.  Then,  if  our  knowledge  were  exact,  and  our  means  of  appli- 
cation adequate,  we  should  see  the  human  being  in  his  perfect  beauty,  as 
Providence,  perhaps,  intended  him  to  be ;  in  the  harmonious  proportions  and 
complete  balance  of  all  parts,  in  which  he  came  out  of  his  Maker's  hands,  in 
whose  divine  image,  we  are  told,  he  was  in  the  beginning  mad& 

But  is  such  a  system  possible  ] 

natanil  lesult  of  the  discoveiy  of  new  powers,  has  not  yet  entirely  died  out ;  and  while  there 
are  some  who  still  look  to  every  fresh  agent  as  possibly  containing  "  the  balsam  of  life/'  there 
are  also  still  enthusiasts  who  search  the  mystic  tomes  of  the  alchemists  or  the  Kosicrucians,  in 
the  faith  that^  after  all,  the  great  secret  was  really  found.  It  may  be  worth  while  to  consider 
the  idea  which  underlaid  the  dreams  of  the  alchemists.  Life  was  looked  on  as  an  entity  or 
principle  liable  to  constant  waste,  and  to  eventual  expenditure.  If  some  agent  could  be  found 
to  arrest  the  waste,  to  crystallise,  as  it  were,  the  tissues  in  their  full  grovrth  and  vigour,  decay, 
it  was  conceived,  would  be  impossible,  and  youth  would  be  eternal.  In  other  cases,  it  was 
supposed  that  the  agent  would  itself  contain  the  principle  of  hfb,  and  therefore  would  at  once 
restore  destroyed  health,  and  recall  again  departed  youth.  We  now  know  this  idea  to  be  wrong 
in  every  point.  The  constant  decay  the  alchemists  sought  to  check  is  life  itself,  for  life  is  but 
incessant  change,  and  what  we  call  decay  is  only  a  metamorphosis  of  energy.  To  arrest  the 
changes  in  the  body  for  one  single  moment  would  be  death,  or,  short  of  death,  it  would  be 
lessening  of  the  energy  which  is  the  expression  of  life.  Nor  is  there  any  hope  that  the  exten- 
sion of  the  period  of  vital  ener^  can  ever  be  accomplished  except  by  improving  the  nutrition  of 
the  tissues.  Here,  indeed,  it  is  just  possible  that  in  time  to  come,  drugs  will  aid  Hygiene, 
either  by  better  preparing  food  for  the  purposes  of  nutrition,  or  by  removing  or  preventing 
those  chemical  changes  in  the  tissues  which  we  call  decay.  But  at  present,  certainly,  no  rules 
can  be  laid  down  for  the  use  of  drugs  in  hygiene,  except  in  that  debateable  land  which  lies 
between  hygiene  and  the  practice  of  medicine,  tnat  is,  in  that  uncertain  region  which  we  do 
not  like  to  geJI  disease,  and  yet  which  is  not  health. 

*  Physiology  and  pathology  are,  in  fact,  one ;  normal  and  abnormal  life,  regular  and  irregular 
growth  and  decay,  must  be  studied  together,  just  as,  in  fact,  human  physiology  is  imperfect 
without  the  study  of  all  the  other  forms  of  life,  animal  and  vegetable,  whicn  are  in  the  world. 
Separated  for  convenience,  these  various  studies  will  finally  converge. 


INTEODUCnOK, 

Is  tihere,  or  will  there  ever  be,  snch  an  art,  or  is  the  belief  that  there  will 
be,  one  of  tboee  dreams  which  breathe  a  blind  hope  into  ns,  a  hope  bom  only 
of  our  longings,  and  destined  to  die  of  our  experience  ?  And,  indeed,  when 
we  look  aronnd  ns  and  consider  the  condition  of  the  world — ^the  abundance 
of  life,  its  appalling  waste ;  the  wonderful  contrivances  of  the  animal  king- 
dom, the  apparent  indifference  with  which  they  are  trampled  under  foot ;  the 
divine  gift  of  mind,  its  awful  perversion  and  alienations ;  and  when,  espe- 
caallj,  we  note  the  condition  of  the  human  race,  and  consider  what  it  appa- 
rently might  be,  and  what  it  is ;  its  marvellous  endowments  and  lofty  powers ; 
its  terrible  sufferings  and  abasement ;  its  capacity  for  happiness,  and  its  cup 
of  sorrow ;  the  heavenly  boon  of  glowing  health,  and  the  thousand  diseases 
and  painful  deaths, — ^he  must  indeed  be  gifted  with  sublime  endurance  or 
undying  faith  who  can  still  believe  that  out  of  this  chaos  order  can  come,  or 
out  of  this  suffering  happiness  and  healtL 

In  the  scheme  of  Providence  it  may  not  be  meant  that  man  shall  be 
healthy.  Diseases  of  mind  and  of  body  may  be  the  cross  he  has  to  bear ;  or 
rk  may  be  the  evil  against  which  he  has  to  struggle,  and  whose  shackles  he  is 
finally  to  unloose.  The  last  disease  will  disappear,  we  may  believe,  only 
-when,  man  is  perfect ;  and  as  in  the  presence  of  the  Saviour  all  disease  was 
healed,  so,  before  perfect  virtue,  sorrow  and  suffering  shall  fade  away. 
Whether  the  world  is  ever  to  see  such  a  consummation  no  man  can  say ;  but 
as  ages  roll  on,  hope  does  in  some  measure  grow.  In  the  midst  of  aU  our 
weaknesses,  and  all  our  many  errors,  we  are  certainly  gaining  knowledge,  and 
that  knowledge  tells  us,  in  no  doubtful  terms,  that  the  fate  of  man  is  in  his 
own  handa 

It  is  undoubtedly  true  that  we  can,  even  now,  literally  choose  between 
health  or  disease;  not,  perhaps,  always  individually,  for  the  sins  of  our 
fathers  may  be  visited  upon  us,  or  the  customs  of  our  life  and  the  chains  of 
cun  civilisation  and  social  customs  may  gall  us,  or  even  our  fellow-men  may 
deny  us  health,  or  the  knowledge  which  leads  to  health.  But  as  a  race,  man 
holds  his  own  destiny,  and  can  choose  between  good  and  evil ;  and  as  time 
imroUs  the  scheme  of  the  world,  it  is  not  too  much  to  hope  that  the  choice 
win  be  for  good. 

Looking  only  to  the  part  of  hygiene  which  concerns  the  physician,  a  perfect 
system  of  rules  of  health  would,  I  conceive,  be  best  arranged  in  an  orderly 
aenes  of  this  kind. 

The  rules  would  commence  with  the  regulation  of  the  mother's  health  while 
bearing  her  child,  so  that  the  growth  of  the  new  being  should  be  as  perfect  as 
possibla  Then,  after  birth,  the  rules  (different  for  each  sex  at  certain  times) 
would  embrace  three  epochs ;  *  of  growth  (including  infancy  and  youth) ;  of 
maturity,  when  for  many  years  the  body  remains  apparently  stationary ;  of 
decay,  when,  without  actual  disease,  though,  doubtless,  in  consequence  of  some 
chemical  changes,  molecular  feebleness  and  death  commence  in  some  part  or 
other,  forerunning  general  decay  and  death 

*  First  ezprestily  noted  by  Galen. 


xm  orrBODUcnoir* 

In  these  eeveial  epooiha  of  bit  Mb,  Um  human  being  would  bave  to  be 
conddexed — > 

1^,  IniekiiontothenatiiiBloondidonswbibbsiiiTomidbii^ 
eaaential  for  life,  meb  as  the  air  be  bpeatbes ;  tbe  water  be  drinks ;  bis  food, 
tbesouzee  of  all  bodily  and  mental  acts;  tbe  soil  wbioh  be  moves  on,  and  tbe 
aim  wbiob  wanns  and  ligbts  bim,  &a ;  in  &ct^  in  relation  to  nature  at  laig& 

2d,Jjih}B  social  and  cozporate  relations,  as  a  member  of  a  oommnnity  witb 
certain  eostoms,  trades,  conditions  of  dwellingi,  dotbing  &a ;  subjected  to 
social  and  political  influenoes,  seznal  relations,  Ac. 

dif ,  In  bis  capacity  as  an  independent  being,  baving  within  himself  sonroes 
of  action,  in  tbongbts,  feelings,  desires^  personal  habits,  all  of  which  affect 
health,  and  which  require  self-regulation  and  control 

Even  now,  incomplete  as  hygiene  necessarily  is,  such  a  work  would,  if 
followed,  almost  change  tbe  face  of  the  world.     But  would  it  be  followed) 

In  some  cases  tbe  roles  of  hygiene  could  not  be  followed,  however  much 
tbe  individual  might  desire  to  do  sa  For  example,  pure  air  is  a  necessity  for 
health ;  but  an  individual  may  have  little  control  over  tbe  air  which  surrounds 
bim,  and  which  be  must  draw  into  bis  lungs.  He  may  be  powerless  to  pre- 
vent other  persons  from  contaminating  bis  air,  and  thereby  stEiking  at  tbe 
very  foundation  of  his  health  and  happiness.  Here,  as  in  so  many  other  cases 
which  demand  regulation  of  the  conduct  of  individuals  towards  each  other, 
the  State  steps  in  for  the  protection  of  its  citisens,  and  enacts  rules  which  shall 
be  binding  upon  alL  Hence  arises  what  is  now  termed  ^'  State  Medicine,"  a 
matter  of  the  greatest  importance.  The  fact  of  <<  State  Medicine  "  being  pos- 
sible, marks  an  epoch  in  which  some  sanitary  rules  receive  a  general  consent, 
and  indicates  an  advancing  civilisation.  Fear  has  been  expressed  lest  State 
Medicine  should  press  too  much  on  the  individual,  and  should  too  much  lessen 
the  freedom  of  personal  action.  This,  however,  is  not  likely,  as  long  as  the 
State  acts  cautiously,  and  only  on  well-assured  scientific  grounds,  and  aa  long 
as  an  unshackled  Press  discusses  witb  freedom  every  stepi.* 

*  A  watcMiil  care  over  the  health  of  the  peoplo,  and  a  due  regulatioo  of  matters  which  con- 
cern their  health,  is  certainly  one  of  the  most  important  fluictions  of  Qovemment.  The  fact 
that,  in  modem  times,  the  subject  of  hygiene  generally.,  and  State  Medicine  in  particular,  has 
commenced  to  attract  so  much  the  public  attention,  is  undoubtedly  o^ng  to  the  appUcation  of 
statistics  to  public  health.  It  is  impossible  for  any  nation,  or  for  any  (^Temment,  to  remain 
indifferent  wnen,  in  figures  which  acunit  of  no  denial,  the  naticNDAl  amoont  of  health  and  happi- 
ness, or  disease  and  suffering,  is  determined.  The  early  Statistical  Reports  of  the  Army  oy 
TuUoch,  Marshall,  and  Balfour,  directed  attention  to  the  importance  of  this  matter.  The 
establishment  of  the  Registrar-Gteneral's  office  in  1888,  and  the  commencement  of  the  system  of 
accurately  recording  births  and  deaths,  will  hereafter  be  found  to  be,  as  far  as  the  happinees 
of  the  people  is  concerned,  one  of  the  most  important  events  of  our  time.  We  owe  a  nation's 
Spratitude  to  the  Registrar-General  for  the  persistence  with  which  he  has  used  his  official  posi- 
tion for  the  public  good,  and  to  his  able  coadjutors,  especially  to  him  to  whoee  sagacity  tho 
chief  fruits  of  the  inquiry  are  due,  to  William  Farr. 

Another  action  of  the  Government  in  our  day  was  scarcely  less  important.  It  is  impossible 
to  overrate  the  value  of  the  Government  Inquiry  into  the  Health  of  Towns,  and  of  the  country 
generallv,  commenced  more  than  a  quarter  of  a  century  ago  by  Edwin  Chadwick,  Southwood 
Smith,  Keil  Amott,  Sutherland,  Guy,  Toynbee,  and  others,  and  which  has,  in  fact,  been  con- 
tinued ever  since,  and  is  now  vigorously  rarried  on  by  the  official  successor  of  these  pioneers^ 
the  medical  officer  to  the  Privy  Council,  Mr  Simon.  Consequent  on  this  movement  came  the 
appointment  of  medical  officers  of  health  to  the  different  towns  and  parishes.    The  reports 

fublished  by  many  of  these  gentlemen  (Letheby.  I>undas  Thomson,  Buchanan,  lAnkester, 
[illier,  Ballard,  and  many  others)  have  greatly  aavanced  the  subject,  and  have  done  much  to 
difiuse  a  knowledge  of  hygiene  among  the  people,  and  at  the  same  time  to  extend  and  render 
predse  our  knowledge  of  the  conditions  of  national  health.    When  the  effect  of  all  these 


Hmsto  9st%  haw^Y&^  somd  vaaes  in  wMeh  the  Stats  oaimot  easily  itttafflR^ 
though  the  indiyidiial  may  be  phoad  imder  unfavomahle  hygienic  canditioui 
by  tiM  action  of  othera.  Eer  eaample^  In  many  trndea^  the  employed  are  anb- 
jeeted  to  danger  from  the  carelessness,  or  avarice,  or  ignorance  of  the  eQi» 
ployeiB.  Every  year  the  State  is,  however,  very  properly  more  and  more 
interposing  and  shielding  the  workman  against  the  dangean  which  an  ignorant 
or  eaidees  master  brings  on  hinu 

Bat  in  other  cases  the  Starts  can  hardly  interpose  witii  effect ;  and  the 
growth  of  sanitary  knowledge,  and  the  pressnre  of  public  opinion,  alone  can 
work  a  cme,  as,  for  example,  in  the  case  of  the  dwellings  of  our  poorar  elBssea 
In  many  parts  of  the  eooatry  the  cottages  aie  unfit  for  human  beings ;  in 
many  of  our  towns,  the  cupidity  of  builders  runs  up  bouses  of  the  most  miser- 
able structure,  for  which  there  is  unhappily  no  lack  of  applicants ;  or  masters 
oblige  their  men  to  work  in  rooms,  or  to  follow  plans  whieh  are  most  detri- 
mental  to  health. 

But  even  in  such  cases  it  will,  I  believe,  be  always  found  that  self-interest 
would  really  indicate  the  course  which  is  one  of  the  foremost  rules  of  religion. 
viz.,  that  we  should  do  for  our  neighbours  as  for  ourselvea  Analyse  also  the 
effect  of  such  selfishness  and  carelessness  as  I  have  lefened  to  on  the  nation 
at  large,  and  we  shall  find  that  the  partial  gain  to  the  individual  is  fEir  more 
than  counterbalanced  by  the  injury  to  the  State,  by  the  discontent^  reckless- 
ness, and  indifference  produced  in  the  persons  who  suffer,  and  which  may 
have  A  disastrous  national  result  It  is  but  too  commonly  forgotten  that 
the  whole  nation  is  interested  in  the  proper  treatment  of  every  one  of  its 
members,  and  in  its  own  interest  has  a  right  to  see  that  the  relations  between 
individuals  are  not  such  as  in  any  way  to  injure  the  weU-beiug  of  the  com- 
munity at  large. 

In  many  cases^  Bgeiia,  the  employer  of  labour  finds  that,  by  proper  sanitary 
care  of  his  men,  he  reaps  at  once  an  advantage  in  better  and  more  zealous 
work,  in  fewer  interruptions  from  ill  health,  &&,  so  that  his  apparent  outlay 
is  more  than  compensated. 

This  is  shown  in  the  strongest  light  by  the  army.  The  State  employs  a 
large  number  of  men,  whom  it  places  under  its  own  social  and  sanitary  con- 
ditiona  It  removes  from  them  much  of  the  self-control  with  regard  to 
hygienic  rules  which  other  men  possess,  and  is  therefore  bound  by  every 
principle  of  honest  and  fair  contract  to  see  that  these  men  are  in  no  way 
injured  by  its  system.     But  more  than  this :  it  is  as  much  bound  by  its  self 

TtaetLNiben  and  measares  develops  itself,  it  will  be  seen  that  even  great  wars  and  political  earth- 
qnakea  are  really  nothing  in  comparison  with  these  silent  social  changes.  Even  now  leigislation, 
uon^  fragmentary  and  in  some  respects  contradictory,  is  beginning  to  exert  a  deep  influence. 
In  the  last  few  years  several  important  Acts  have  been  passed,  viz.,  the  SanitaiT'  Act  {7th. 
Aignat  1866K  and  the  Amended  Sanitary  Act  (July  1868) ;  the  Public  Health  (Scotland)  Act 
(August  1807) ;  the  Act  for  providing  better  Dwellings  for  Artisans  and  Labourers  (July  1808), 
and  the  former  Acts  on  the  same  subject  in  1866  and  1867  :  the  Sewage  Utilisation  Act  (August 
1867).  The  Public  Health  Act  of  1872  has  advanced  the  subject  another  sta^.  and  though 
some  dissatisfaction  has  been  expressed  at  its  mode  of  working,  there  seems  hltle  doubt  that 
ito  ultimate  effect  will  be  far  deeper  and  more  useful  than  appears  at  first  sight.  LM^slation, 
aai  action  based  on  legislation,  can  only  proceed  slowly,  and  we  must  be  satisfied  if  there  be 
a  coQlinual  advance,  though  it  may  not  be  so  rapid  as  some  desire.* 

•  More  lecentljr  the  Public  Health  Act  of  187ft  has  been  pssaed,  ss  well  as  the  Amended  Adattentloo  Act 
fbe  Btvets  PeUutlon  Act,  and  others 
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interest.  It  has  been  proved  over  and  over  again  that  nothing  is  so  costly  in 
all  ways  as  disease,  and  that  nothing  is  so  remuneratiye  as  the  outlay  which 
augments  health,  and  in  doing  so,  augments  the  amount  and  value  of  the 
work  dona 

It  was  the  moral  argument  as  well  as  the  financial  one  which  led  Loid 
Herbert  to  devote  his  life  to  the  task  of  doing  justice  to  the  soldier,  of  in- 
creasing the  amount  of  his  health,  and  moral  and  mental  training,  and,  in  ao 
doing,  of  augmenting  not  only  his  happiness,  but  the  value  of  his  services  to 
the  country.  And  by  the  side  of  Lord  Herbert  in  this  work  was  one  whoee 
name  will  ever  be  dear  to  the  country,  and  whose  life,  ever  since  that  memor- 
able winter  at  Scutari  in  1855,  has  been  given  up  entirely  to  the  attempt  to 
improve  the  condition  of  the  soldier. 

This  book  has  been  written  to  assist  in  carrying  out  one  of  Lord  Herbert's 
plans,  and  in  accordance  with  his  wish,  and  with  that  of  Lord  de  Grey,  his 
friend,  coadjutor,  and  successor. 

It  has,  therefore,  been  sketched  on  a  narrower  basis  than  the  longer  treatise 
indicated  above,  which  would  have  to  deal  with  both  sexes,  all  ages,  and 
various  trades  and  conditiona 

Although,  however,  as  dealing  with  Military  Hygiene,  and  drawing  its 
chief  examples  from  the  soldier's  life,  it  is  a  work  on  Army  sanitation,  it  yet 
includes  the  great  principles  of  hygiene  applicable  to  all  men — ^prindples 
which,  though  here  stated  neeessarily  in  the  briefest  and  barest  way,  are,  lam 
persuaded,  fraught  with  benefit  to  all  men,  if  they  are  properly  interpreted 
and  faithfully  applied* 
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CHAPTER    I. 
WATER. 

This  supply  of  wholesome  water  in  sufficient  quantity  is  a  fundamental 
sanitary  necessity.  Without  it  injury  to  health  inevitably  arises,  either 
simply  from  deficiency  of  quantity,  or  more  frequently  from  the  presence  of 
impurities.  In  all  sanitary  investigations,  the  question  of  the  water-supply 
is  one  of  the  first  points  of  inquiry,  and  of  late  years  quite  unexpected 
evidence  has  been  obtained  of  the  frequency  T(dth  which  diseases  are 
introduced  by  the  agency  of  water.  In  such  an  investigation,  if  the  headings 
of  tlie  sub-sections  of  this  chapter  are  followed,  and  the  facts  are  noted  under 
each  heading  in  order,  it  will  be  hardly  possible  to  overlook  any  condition 
which  may  have  affected  health.  The  order  of  investigation  would  be  as 
follows  : — Quantity  of  water  per  head ;  how  is  it  collected ;  stored ;  distri- 
buted; what  is  its  composition;  is  it  wholesome  water  at  its  source  and 
throughout^  or  has  it  been  contaminated  at  any  point  of  its  distribution ;  what 
are  the  effects  presumed  to  arise  from  HI* 

SECTION  I. 

ON  THE  QUANTITY  AND  SUPPLY  OF  WATER. 

Sub-Section  L — 1.  Quantity  op  Watkr  for  Hbaltht  Mbn. 

In  estimating  the  quantity  of  water  required  daily  for  each  person,  it  is 
necessary  to  allow  a  liberal  supply.     There  should  be  economy  and  avoidance 

*  Army  Regulations  on  the  subject  of  Wafer,— The  Regulations  for  the  Medical  DepArtment 
of  Her  Majest3r'8  Army  frequently  refer  to  the  supply  of  water.  In  Part  II.,  Section  i.,  para- 
graph 6  (iflsued  as  a  circular  July  1875,  pending  the  complete  issue  of  the  Revised  Regulations) 
the  floTj^ns  General  and  Deputy  Surgeons  General  are  directed  to  "ascertain  that  the  water- 
supply  18  good  and  abundant,  and  perfectly  protected  from  pollution. "  Also,  **  that  the  means 
of  ablution  And  cleanliness  are  sufficient  and  made  use  of  by  the  men.  **  In  the  Sanitary  Regula- 
tions  (anny  circular,  December  1876)  Section  ii.  paragraph  6,  the  medical  officer  in  charge  of 
tnwps  is  ordered  to  examine,  from  time  to  time,  "  the  quality  and  amount  of  drinking-water," 
and  to  ascertain  that  there  is  "no  soak^i^  from  latrines,  cesspools,  drain»t  or  other  sources  of 
impurity."  He  is  also  ordered  to  inspect  the  lavatories  and  baths.  In  Sections  vl.  and  vii.  tlie 
fiame  supervision  over  the  water-supply  of  camps  and  garrisons  and  transpor  t  ships  is 
enjoined. 

When  an  army  takes  the  field  a  Sanitary  Officer  is  appointed,  and  he  examines  into  all 
Miitary  points,  including  the  water-supply.    (Section  viii.  paragraph  63. ) 

In  the  c)uarterly  and  annual  reports  tne  water-supply  has  to  be  considered,  in  common  with 
other  sanitary  conditions,  including  "the  sources,  quality,  and  (quantity  of  the  water-supply, 
sad  whether  it  is  wholesome,  and  what  means  of  purification  are  m  use,  if  such  be  nece8.<<ary." 
Also,  "Baths  and  lavatories,  their  conditions,  and  if  sufficient  for  cleanliness  for  troo))S 
ind  sick ;  whether  there  are  bathing  parades  and  how  often  a  week." 

r^  A 
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of  waste ;  but  still,  any  error  in  supply  had  far  better  be  on  the  side  of  excess. 
In  England  many  poor  families,  either  from  the  difficulty  of  obtaining  water, 
or  of  getting  rid  of  it^  or  from  the  habits  of  uncleanliness  thus  handed  down 
from  father  to  son,  use  an  extremely  small  amount  It  would  be  quite 
incorrect  to  take  this  amount  as  the  standard  for  the  community  at  large,  or 
even  to  fix  the  smallest  quantity  which  will  just  suffice  for  moderate  cleanli- 
ness. It  is  almost  impossible  to  give  a  definition  of  cleanliness,  nor  perhaps 
is  it  necessary,  since  there  is  a  general  understanding  of  what  is  meant 

It  must  be  clearly  understood  for  what  purposes  water  is  supplied.  It  may 
be  required  for  drinking,  cooking,  and  ablution  of  persons,  clothes,  utensils, 
and  houses ;  for  cleansing  of  closets,  sewers,  and  streets ;  for  the  drinking  and 
washing  of  animals,  washing  of  carriages  and  stables ;  for  trade  purposes ;  for 
extinguishing  fires ;  for  public  fountains  or  baths,  &c. 

In  towns  supplied  by  water  companies,  the  usual  mode  of  reckoning  is  to 
divide  the  total  daily  supply  in  gallons  by  the  total  population,  and  to  express 
the  amount  per  head  per  diem. 

The  following  are  some  of  the  gross  amounts  used  at  the  present  time  for 
all  the  above  purposes,  as  judged  of  in  this  way : — 


GrRlIons  per  head 

of  population  daily. 

New  River  Company  in 

London  1866,* 

23 

East  London  Water- Work  Company 

)  W   •                        •                        ' 

22 

Chelsea 

99 

33-8 

West  Middlesex 

9) 

30 

Grand  Junction 

)f 

• 

34 

Southwark  and  Vauxhall  „ 

21 

Lambeth 

)) 

34 

Southampton, 

» 

35 

Glasgow, 

99 

50 

Derby,  t 

14 

Nottingham,! 

17 

Norwich,  t 

12 

Edinburgh, 

35 

Liverpool, 

30 

Sheffield 

20 

Paris,     . 

31 

Calcutta  (for  European) 

30 

„        (for  Natives) 

15 

New  York 

300 

In  1857  the  average  suppply  to  fourteen  English  towns,  of  second-rate 
magnitude,  was  24  gdlons.  The  average  of  72  English  and  Scotch  towns, 
supplied  on  the  constant  system,  is  134*4  gallons  per  house,  (but  this  includes 
the  supply  to  factories,  of  which  there  were  16,087  to  889,028  houses),  or  (at 
5  persons  to  each  house),  26*7  per  head ;  of  23  towns,  supplied  on  the  in- 
termittent system,  127  per  house,  or  25*4  per  head,  including  1367  factories  to 
137,414  houses ;  and  of  London,  also  on  the  intermittent  system,  204,  or  41  per 
head,  including  5340  factories  to  499,582  houses.  (Sixth  Eeport  of  the  Rivers 
Pollution  Commissioners,  pp.  232,  233.)  The  range  in  individual  cases  is,  how- 
ever, very  great,  from  20  gallons  per  house  (4  per  head)  at  Heywood,  to  700  at 


*  These  and  other  London  amounts  are  taken  fh)m  the  Report  of  the  (Committee  of  the 
House  of  Commons  on  the  Eattt  London  Water  Bills,  1807,  p.  817.  The  Edinburgh  amount  is 
taken  from  the  same  work. 

•r  From  Mr  Beggs'  pamphlet  on  "  Constant  Water  Supply/'  issued  by  the  Social  Science 
Association. 
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Middlesborough  (140  per  head).  Mr  Batemon  states  that  in  the  manufactur- 
ing towns  of  Lancashire  and  Yorkshire,  the  present  amount  is  from  1 6  to  21 
ga^^ons;  in  some  cases  less,  according  to  the  tahle  in  the  Sixth  Eeport  of  the 
Bivers  Pollution  CJommissioners. 

At  Norwich  about  14^  gallons  daily  per  head  are  supplied  on  the  constant 
system,  of  which  10*5  are  taken  for  domestic  purposes,  3  for  trade,  and  *7 
^ons  for  public  and  sanitary  purposes.*  In  Manchester  the  supply  is  also 
constant^  and  is  14  gallons  per  head  for  domestic,  and  7  for  trade  purposes. 

By  a  recent  decision  of  the  Secretary  of  State  for  war,  a  soldier  is  to  receive 
15  gallons  daily ;  no  extra  allowance  is  made  for  the  wives  and  children  in  a 
regiment 

The  gross  amount  thus  taken  is  used  for  different  purposes,  which  must  be 
m>w  considered 

Amount  for  Domestic  Purposes,  excluding  Water-Closets, 

This  item  includes  drinking,  cooking,  washing  the  person,  the  clothes,  the 
house  utensils,  and  the  house. 

An  adult  requires  daily  about  70  to  100  ounces  (3  J  to  5  pints)  of  water  for 
nutrition ;  but  about  20  to  30  ounces  of  this  are  contained  in  the  bread,  meat, 
&c,  of  his  food,  and  the  remainder  is  taken  in  some  form  of  liquid.  There 
aie,  however,  wide  ranges  from  the  average.  Women  drink  rather  less  than 
men;  children  drink,  of  course,  absolutely  less,  but  more  in  proportion  to 
their  bulk  than  adults.  The  rules  for  transport  vessels  allow  8  pints  in,  and 
6  out  of  the  tropics  for  cooking  and  drinking.  During  hot  weather  and  great 
exertion  a  man  will,  of  course,  drink  much  more. 

In  some  experiments  made  for  the  War  Office  in  1866,  at  the  Eichmond 
Barracks  in  Dublin  and  the  Anglesey  Barracks  in  Portsmouth,  the  amount  of 
the  different  items  of  the  domestic  supply  (excluding  latrines,  which  take  5 
gallons  per  head)  is  thus  given : — 

Gallons  per 
soldier  daily. 

Cook-house,         ......  1 

Ablution  rooms  and  baths,  ....  4 

Cleaning  barracks,  .  .  .  .  .  2*25 

Wash-house  and  married  people,  .  .  .  2-5 


9-75 

I  have  meajBured  the  water  used  in  several  cases ;  the  following  was  the 
amount  used  by  a  man  in  the  middle  class,  who  may  be  taken  as  a  fair  type 
of  a  cleanly  man  belonging  to  a  fairly  clean  household  : — 

Gallons  daily  i>er 
one  person. 

Cooking,      ......  '75 

Fluids  as  drink  (water,  tea,  coffee),  ...  '33 

Ablution,  including  a  daily  sponge-bath,  which  )  f. 

took  2^  to  3  gallons,     .  .  .      j 

Share  of  utensil  and  house-washing  ,            .             .  3 

Share  of  clothes  (laundry)  washing  estimated,           .  3 


12 

These  tearults  are  tolerably  accordant  with  the  Dublin  experiments,  if  we 
remember  that  with  a  large  household  there  is  economy  of  water  in  washing 
utensils  and  clothes,  and  that  the  number  of  wives  and  children  in  a  regiment 

•  Report  by  Mr  Pole. 
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is  not  great.  In  poor  famiKws  irbo  dnw  water  from  wdk^  I  baTe  found  the 
amount  to  rarj  from  2  to  4  gallons  per  head,  bat  then  there  was  oeitainl j  not 
perfect  clesnlmeaa. 

Mr  Bateman*  states  that  in  a  group  of  cottages  witii  82  inmates^  the  daily 
arerage  amount  was  7^  gallons  per  head,  and  in  another  group  5  gallons  per 
head.  Dr  Letheb j  found  in  the  poor  hoiraes  in  the  city  of  London  the  amount 
to  he  5  gallons.t  In  experiments  in  model  lodging-houses,  Mr  Muir  states 
that  7  gallons  daily  were  used.$  Mr  Easton,  in  his  own  house  in  London, 
found  he  used  ahout  12  gallons  per  head,  of  which  about  5  were  for  closets, 
leaying  7  for  other  uses;  but  I  infer  that  the  laundry  washing  was 
not  included.  In  the  couTict  prison  at  Portsmouth,  where  there  are  water- 
closets,  and  each  prisoner  has  a  general  bath  once  a  week,  the  amount  is  1 1 
g»Uons  (Wilson). 

In  scTeral  of  the  mstances  just  referred  to,  it  may  be  questioned  whether 
the  amount  of  cleanliness  was  equal  to  what  would  be  expected  in  the  higher 
ranks.  In  most  instances  quoted  no  general  baths  were  used ;  but  it  is  now 
becoming  so  common  in  England  to  have  bath-rooms,  that  it  is  said  they  are 
often  put  even  in  eight-roomed  houses.  A  general  bath  for  an  adult  requires, 
with  the  smallest  adult  bath  (I'.e.,  only  4  feet  long  and  1  foot  9  inches  wide), 
38  gallons,  and  many  baths  will  contain  50  to  60  gaUona.  A  good  shower- 
bath  will  deliver  3  to  6  gallons.  Creneral  baths  used  only  once  a-week  will 
add  5  or  6  gallons  per  h^d  to  the  daily  consumption. 

I  believe  we  may  safely  estimate  that  for  personal  and  domestic  use,  without 
baths,  12  gallons  per  head  daily  should  be  given  as  a  usual  minimom  supply  ; 
and  with  baths  and  perfect  cleanliness,  1 6  gallons  should  be  allowed.  This 
makes  no  allowance  for  water-closets  or  for  unavoidable  waste.  If  from  want 
of  supply  the  amount  of  water  must  be  limited,  4  gallons  daily  per  head  for 
adults  is  probably  the  least  amount  which  ought  to  be  used,  and  in  this  case 
there  could  not  be  daily  washmg  of  the  whole  body,  and  there  must  be  in- 
sufficient change  of  under-clothing. 

If  public  baths  are  used  the  amount  must  be  greatly  increased.  The  largest 
baths  the  world  has  seen  (those  of  Ancient  Eome)  demanded  a  supply  of 
water  so  great  as,  according  to  Leslie's  calculations,  to  raise  the  daily  average 
per  head  to  at  least  300  g^ons. 

Amount  for  Water-Closets, 

The  common  arrangements  with  cisterns  allow  any  quantity  of  water  to  be 
poured  down,  and  many  engineers  consider  that  the  chief  waste  of  water  is 
owing  to  water-closets.  In  some  districts,  by  attention  to  this  point,  the  con- 
sumption has  been  greatly  reduced ;  in  one  case  from  30  to  18,  and  in  another 
from  20  to  12  gallons  per  head.  It  has  not  yet  been  precisely  determined 
what  quantity  should  be  allowed  for  water-closets.  Small  cisterns,  termed 
water-waste  preventers,  are  usually  put  up  in  towns  with  constant  water 
supply,  which  give  only  a  certain  limited  amount  each  time  the  closet  is  used. 
The  smallest  water-waste  preventer  holds  f  gallon,  but  this  is  too  little.  Th« 
better  kinds  hold  1  to  2  ^dlons ;  but  even  2  gallons  are  often  insufficient  to 
keep  the  pan  and  soil-pipe  perfectly  clean ;  the  water-waste  preventer  must  be 
sometimes  allowed  to  fill  again,  and  be  again  emptied.  Considering  also  that 
.some  persons  will  use  the  closet  twice  daily  and  sometimes  oftener,  and  that 
occ^ionally  more  water  must  be  used  for  thoroughly  flushing  the  pan  and 


*  On  "  Constant  Water  Supply,"  By  Messrs  Batenian,  Beggs,  &  Rendle.     1867. 

t  Report  of  the  East  London  Water  Bill  Committee,  18*)7.    Questions  284(J  and  2347. 

J  Ibid.  p.  6. 
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soil-pipe,  6  galloiis  a-day  per  head  should  probably  be  allowed  for  closets.  In 
this  particiilar  instance  a  false  economy  in  the  use  of  water  is  most  undesirable. 
Water  latrines  require  less ;  the  amount  is  not  precisely  known ;  the  experi- 
ments of  the  Itoyal  Engineers  at  Dublin  give  an  average  of  5  gallons  per 
head,  but  it  is  considered  this  might  be  reduced. 

In  fixing  the  above  quantities,  viz.,  12  gallons  per  head  for  all  domestic 
poiposes  except  general  baths  and  closets,  4  gallons  additional  for  general 
baths,  and  6  for  water-closets,  I  shall  be  considered  by  some  to  have  fixed  the 
daily  supply  too  high,  while  by  others  I  shall  be  accused  of  the  contrary  fault 
I  have  endeavoured  to  base  it  on  facts,  and  do  not  think  I  am  much  in  error. 
It  is,  however,  necessairy  to  make  some  allowance  for  unavoidable  waste,  and 
for  extra  supply  to  closets,  and  it  will  be  a  moderate  estimate  to  allow  3 
gallons  daily  per  head  for  this  purpose.     This  will  make  25  gallons. 

There  is  another  reason  for  believing  that  an  amount  of  about  25  gallons 
per  head  should  pass  from  every  house  daily  into  sewers,  if  sewers  are  used. 
It  is  that  in  most  cases  this  quantity  seems  necessary  to  keep  the  sewers 
perfectly  clear,  though  in  some  cases,  no  doubt,  with  a  well-arranged  and  con- 
stnicted  sewerage,  a  less  amount  may  suffice.  But  the  complete  clearage  of 
sewers  is  a  matter  of  such  fundamental  importance  that  it  is  necessary  to  take 
the  safest  course. 

A  mount  for  AniinaU. 
From  experiments  conducted  in  some  cavalry  stables  in  1 866,  by  the  Boyal 
Engineers,  the  War  Office  authorities  have  fixed  the  daily  supply  for  cavalry 
horses  at  8  gallons,  and  for  artillery  horses  at  10  gallons  per  horse.  This  is 
to  include  washing  horses  and  carriages.  The  amount  seems  rather  smalL 
Of  course  the  amount  that  horses  drink  varies  as  much  as  in  the  case  of  men, 
and  depends  on  food,  weather,  and  exertion ;  but  if  a  horse  is  allowed  free 
access  to  water  at  all  times,  and  this  should  be  the  case,  he  will  drink  on  an 
avdrage  6  to  10  gallons,  and  at  times  more.  In  the  month  of  October,  with 
cool  weather,  I  found  a  horse  16  hands  high,  doing  8  miles  a -day  carriage- 
work,  and  fed  on  com  and  hay,  drank  7^  gallons.  Another  carriage  horse 
drank  nearly  the  same  amount  In  a  stable  of  cavalry  horses,  doing  very 
little  work,  and  at  a  cool  time  of  the  year,  I  found  the  amount  per  horse  to  be 
6^  gallons.  The  amount  used  for  washing  was  3  gallons  daily.  In  hot  and 
dirty  weather  the  quantity  for  both  purposes  would  be  larger.  For  washing 
a  hone  requires  at  least  1^  gallon,  and  twice  this  amount  if  he  is  washed 
twice  Srday.  There  is  a  saving,  however,  if  grooms  wash  several  horses  in 
the  same  water.  It  is  difficult  to  say  how  much  is  used  for  carriage-washing. 
On  the  whole,  including  carriage  washing,  &c.,  16  gallons  per  horse  is  not  an 
excessive  amount  A  cow  or  an  ox,  on  dry  food,  will  drink  6  or  8  gallons ; 
a  sheep  or  pig,  ^  to  1  galloiL  In  the  Abyssinian  expedition,  the  following 
was  the  escalation  for  the  daily  expenditure  of  water  per  head  on  ship- 
board:— 


Camels, 

Oxen  (large  draught),     . 

Oxen  (small  pack  animals). 

Horses, 

Mules  and  ponies 

For  20  elephants  and  100  men, 
voyage  of  60  days.* 

50,000  gallons 

10 
6 
5 
6 
5 

were  put  on 

tMAMAIUJO* 

board  for  a 

*This  infotmatioik  was  deriyed  ftom  Migor  Holland,  Amutant  Quartermaster-Genend, 
Abyvmian  Amy, 
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Amounts  required  for  Municipal  and  Trade  Purposes^ 

For  municipal  purposes  water  is  taken  for  washing  and  watering  streets,  for 
fountains,  for  extinguishing  fires,  &c.  The  amount  for  these  and  for  trade 
purposes  will  vary  greatly.  Professor  Rankine,*  who  gives  an  average 
allowance  of  10  gallons  per  head  for  domestic  purposes,  proposes  10  more  for 
trade  and  town  use  in  non-manufacturing  towns,  and  another  10  gallons  in 
manufacturing  towns.  Considering,  however,  the  comparatively  small  number 
of  horses  and  cows  in  towns  as  compared  with  the  human  population,  and  the 
frequent  rains  in  this  country  which  lessen  watering  of  streets,  these  quantities 
might,  perhaps,  in  most  cases  be  halved. 

If,  now,  the  total  daily  amount  for  all  purposes  be  stated  per  head  of 
population,  it  will  be  as  follows : — 

G  illona. 

Domestic  supply  (without  baths  or  closets),             .             .  12 

Add  for  general  baths        .....  4 

Water-closets,        ......  6 

Unavoidable  Waste,           .....  3 


Toted  house  supply,  *  ....         25 

Town  and  trade  purposes,  animals  in  non-manufacturing  town,      5t 
Add  for  exceptional  manufacturing  towns,  ...  5 

35 

In  India  and  hot  countries  generally,  the  amounts  now  laid  down  would 
have  to  be  altered.  Much  more  must  be  allowed  for  bathing  and  for  washing 
generally,  while  a  fresh  demand  would  arise  for  water  to  cool  mats,  punkahs, 
or  air-passages  by  evaporation.  In  Calcutta  it  is  intended  to  supply  to 
Europeans  30  gallons  per  head,  and  to  natives  15  gallons  daily. j: 

In  Madras,  it  appears  to  be  assumed  that  the  ultimate  amount  used  will  be 
20  gallons  per  head,  including  all  residents.§ 

2.  Amount  RsQimtSD  for  Sioe  Men. 

In  hospitals  a  much  larger  quantity  must  be  provided,  as  there  is  so  mucli 
more  washing  and  bathing.  From  40  to  50  gallons  per  head  are  often  used. 
I  know  of  no  good  experiments  as  to  the  items  of  the  consumption,  but  I 
think  the  following  is  near  the  truth : — 

For  drinking  and  cooking,  washing  kitchen  and    ) 
ut(;nsils,       .  .  ,  .  j 

For  personal  washing  and  general  baths, 
For  laundry  washing, 
Washing  hospital,  utensils,  &c., 
Water-closets, 

38  to  46 

It  would  be  very  desirable  to  have  more  precise  data ;  possibly  the  amount 
for  closets  is  put  too  high,  but  not  greatly  so  when  all  cases  are  taken  into 
account. 


Gallons  dally. 

2to 

4  • 

18  to  20 

5  to 

6 

3  to 

6 

10 

•  Civil  Engineering,  1862,  p.  781. 

t  This  allowance  will  vary  lu  everv  caae,  and  must  be  very  iinoertain. 

$  Gordon's  Array  Hygiene,  p.  42d. 

§  Report  by  Captain  Tullocn  on  the  Drainage  of  Madras,  1865,  p.  93. 
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SxJB-SEOnOIi  IL — Ck)LLEGTIOK,  STORAGE,  AND  DISTRIBUTION  OF  WaTBB. 

The  daily  necessary  quantity  of  water  per  head  being  determined,  the  next 
points  are  to  collect,  store,  and  distribute  it 

1.  Collection. 

In  many  cases  collections  of  water  occur  naturally  in  the  depressions  of  the 
surface,  or  the  commingling  of  small  streams  forms  rivers.  The  collection  by 
men  consists  almost  entirely  in  imitating  these  natural  processes,  and  in 
dizectiDg  to,  and  finally  arresting  at  some  point,  the  rain  or  the  streamlets 
formed  by  the  rain.  ■  The  arrangements  necessarily  differ  in  each  case. 
Eain-water  is  collected  from  roofs,  or  occasionally  from  pavements  and  flaizs, 
or  cemeuted  ground;  in  hilly  ^untries,  with  deep  ra^nes,  a  reservobk 
sometimes  formed  by  cairying  a  wall  across  a  valley,  which  is  well  placed  for 
receiving  the  tributary  waters  of  the  adjacent  hills,  or  on  a  flatter  surface 
trenches  may  be  arranged,  leading  finally  to  an  excavated  tank. 

The  collection  of  the  surface  water  which  has  not  penetrated  is  usually 
aimed  at,  but  it  has  been  proposed  by  Mr  Bailey-Denton*  to  collect  the  sub- 
soil water  by  drainage  pipes,  and  thus  to  accomplish  two  objects — ^to  dry  the 
land,  and  to  use  the  water  taken  out  of  it  Below  the  suidPace  the  water  is 
collected  by  wells,  shallow,  deep,  and  Artesian,  or  by  boring. 

With  respect  to  wells,  if  they  are  situated  near  a  river,  and  do  not  produce 
sufficient  water,  it  has  been  recommended  to  lay  perforated  earthenware  pipes 
parallel  to  tbe  river,  and  below  its  fine-weather  level,  in  trenches  not  less  than 
6  feet  deep,  and  filled  up  above  the  pipes  with  fine  gravel  The  pipes  end  in 
the  well,  and  water  passing  from  the  river  and  filtered  through  the  gravel 
passes  into  them.  The  American  tube-well  (Norton's  patent)  is  a  very  useful 
invention.  It  ia  merely  a  small  iron  pipe  driven  into  the  ground  in  lengths 
by  means  of  a ''  monkey ; "  the  water  passes  through  small  holes  in  the  lowest 
part  of  the  pipe,  and  is  drawn  up  by  a  common  or  double  action  pump 
according  to  the  depth.t 

All  these  matters  fall  within  the  province  of  the  engineer,  and  the  medical 
part  of  the  question  is  chiefly  restricted  to  the  consideration  of  the  purity  of 
the  water.  Tbe  cleanliness  and  nature  of  the  surface  (lead,  zinc,  copper,  &c) 
on  which  rain  falls ;  the  kind  of  ground ;  and  of  cultivation ;  the  amount  of 
manuring ;  the  nature  of  the  subsoil  if  cbAinage  water  is  used,  and  points  of 
the  like  kind,  have  to  be  considered  and  supplemented  by  a  chemical 
examination. 

Bain. — The  amount  of  water  given  by  rain  can  be  easily  calculated,  if  two 
points  are  known — viz.,  the  amount  of  rainfall,  and  the  area  of  the  receiving 
surface.  The  rainfall  can  only  be  determined  by  a  rain-gauge  (the  mode  of 
constructing  which  is  given  in  the  chapter  on  Practical  Meteorology)  ;  the 
area  of  the  receiving  surface  must  be  measured. 

Supposing  that  it  be  known  that  the  rainfall  amounts  to  24  inches  per 
annum,  and  the  area  of  the  receiving  surface  (say  the  roof  of  a  house)  is  50C 
square  feet ; 

Multiply  the  area  by  144  (number  of  square  inches  in  1  square  foot),  to 
bring  it  into  square  inches,  and  multiply  this  by  the  rainfall  The  product 
gives  the  number  of  cubic  inches  of  rain  which  fail  on  the  house-top  in  a  year, 
or  in  any  time  the  rainfall  of  which  is  known.  This  number,  if  divided  by 
277*274,  or  multiplied  by  •003607,  will  give  the  number  of  gallons  which 

*  On  tbe  Supply  of  Water  to  VillAgee  and  Farms,  by  Mr  Bailey-Denton.  C.E. 
fin  the  Aahantee  Expedition  the  tube  well  did  not  succeed,  as  it  got  clogged  with  sand. 
(See  Sir  A.  D.  Home's  Report,  Army  Medical  Reports,  voL  xv.  p.  247). 
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the  roof  of  the  house  will  leceive  in  a  year  (vie,  in  this  case  6232  gallons) ; 
or,  if  it  is  wished  to  express  it  in  cubic  feet,  the  number  of  cubic  inches  miut 
be  divided  by  1728  (number  of  cubic  inches  in  a  cubic  foot),  or  multiplied  by 
•00058. 

To  calculate  the  receiving  surface  of  the  roof  of  a  house,  we  must  not  take 
into  account  the  slope  of  the  roof,  but  merely  ascertain  the  area  of  the  flat 
space  actually  covered  by  the  roof.  The  joint  areas  of  the  ground-floor  rooms 
will  be  something  less  than  the  area  ^f  the  roof,  which  also  covers  the  thick- 
ness of  the  walls  and  the  eaves. 

In  most  English  towns  the  amount  of  roof  space  for  each  person  cannot  be 
estimated  higher  than  60  square  feet ;  and  in  some  poor  districts  is  much  less. 
Taking  the  rainfall  in  all  England  at  30  inches,  and  assuming  that  all  is  saved, 
and  that  there  is  no  loss  from  evaporation,  the  receiving  surface  for  each  person 
would  give  935  gallons,  or  2^  gallons  a-day.  But  as  few  town  houses  have 
any  reservoirs,  this  quantity  runs  in  great  part  to  waste  in  urban  districts. 
In  the  country  it  is  an  important  source  of  supply,  being  stored  in  cisterns  or 
water-butts.  If,  instead  of  the  roof  of  a  house,  the  receiving  surface  be  a 
piece  of  land,  the  amount  may  be  calculated  in  the  same  way.*  It  must  be 
understood,  however,  that  this  is  the  total  amount  reaching  the  ground ;  aU 
of  this  will  not  be  available ;  some  will  sink  into  the  ground,  and  some  will 
evaporate ;  the  quantity  lost  in  this  way  will  vary  with  the  soil  and  the  season 
from  one-half  to  seven-eighths.  To  facilitate  these  calculations,  tables  have 
been  constructed  by  engineers,  t 

One  inch  of  rain  delivers  4*673  gallons  on  every  square  yard,  or  22,617 
gallons  (101  tons  by  weight)  on  each  square  acre.! 

In  estimating  the  annual  yield  of  water  from  rainfall,  and  the  yield  at  any 
one  time,  we  ought  to  know  the  greatest  annual  rainfall,  the  least,  the  average, 
the  period  of  the  year  when  it  falls,  and  the  length  of  the  rainless  season.  It 
must  also  be  remembered  that  the  amount  of  rainfall  differs  very  greatly  even 
in  places  near  together. 

Springs,  Rivers. — It  will  often  be  a  matter  of  great  importance  to  determine 
the  yield  of  springs  and  small  rivers,  as  a  body  of  men  may  have  to  be  placed 
for  soQie  time  in  a  particular  spot,  and  no  engineering  opinion,  perhaps,  can 
be  obtained 

A  spring  is  measured  most  easily,  by  receiving  the  water  into  a  vessel  of 
known  capacity,  and  timing  the  rate  of  filling.  The  spring  should  be  opened 
up  if  necessary,  and  the  vessel  should  be  of  large  size.  The  vessel  may  be 
measured  either  by  filling  it  first  by  means  of  a  known  (pint  or  gallon) 
measure,  or  by  gauging  it.  If  it  be  round  or  square,  its  capacity  can  be  at 
once  known  by  measuring  it,  and  using  the  rules  laid  down  in  the  chapter  for 
measuring  the  cubic  amotmt  of  air  in  rooms.  The  capacity  of  the  vessel  in 
cubic  feet  may  be  brought  into  gallons  if  desirable,  by  multiplying  by  6*23. 
If  a  tub  or  cask  only  be  procurable,  and  if  there  is  no  pint  or  gallon  measure 
at  hand,  the  following  rule  may  be  useful : — 

Take  the  bung  diameter  in  inches,  by  measuring  the  circumference  at  the 
bung,  dividing  by  3*1416,  and  making  an  allowance  for  the  thickness  of  the 
staves;  square  the  bung  diameter,  and  multiply  by  39.  Take  the  head 
diameter  by  direct  measurement,  and  square  it,  and  multiply  by  25.     Multiply 


Square  yardB  x  '0002067  •»  acres. 
Linea)  feet      x      '00019  -  miles. 


*      9  square  feet     —  1  square  yard. 
4S40  square  yards  —  1  square  acre. 
640  square  acres    —  1  square  mile, 
t  Beardmore's  Manual  of  Hydrology,  p.  61. 

X  To  bring  cubic  inches  into  gallons,  multiply  by  40  and  divide  by  11,091,  or  multiply  at 
once  by  '008607. 
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one  diameter  by  the  other,  and  the  product  by  26.  Add  the  sums, 
and  multiply  by  the  length  of  the  cask;  then  multiply  by  -000031473,  and 
the  result  is  given  in  gallons.* 

When  it  ia  required  to  ascertain  the  yield  of  any  small  water-course  with 
some  nicety,  it  is  the  practice  of  engineers  to  dam  up  the  whole  stream,  and 
convey  the  water  by  some  artificial  channel  of  known  dimensions. 

1.  A  wooden  trough  of  a  certain  length,  in  which  the  depth  of  water  and 
the  time  which  a  float  takes  to  pass  from  one  end  to  the  other  is  measured. 

2.  A  sluice  of  known  size,  in  which  the  difference  of  level  of  the  water 
above  and  below  the  sluice  is  measured.! 

3.  A  weir  formed  by  a  plank  set  on  edge,  over  which  the  water  flows  in  a 
thin  sheet,  and  the  difference  of  level  is  measured  between  the  top  of  the 
piank  and  the  surface  of  the  still  water  above.  Then  by  means  of  a  table  the 
amount  of  water  delivered  per  minute  is  read  off  The  weir  must  be  formed  of 
very  thin  board  and  be  perfectly  level ;  a  plumb-line  has  generally  to  be  used.  X 

The  same  object  may,  however,  be  attained  with  sufficient  accuracy 
for  the  purposes  of  the  medical  officer  by  selecting  a  portion  of  the  stream 
where  the  channel  is  pretty  uniform,  for  the  length  of,  say  not  less  than 
12  or  15  yards,  and  in  the  course  of  which  there  are  no  eddies.  Take 
the  bread^  and  the  average  depth  in  three  or  four  places,  to  obtain  the 
sectional  area.  Then,  dropping  in  a  chip  of  wood,  or  other  light  object^  notice 
how  long  it  takes  to  float  a  certain  distance  over  the  portion  of  channel 
chosen.  From  this  can  be  got  the  surface  velocity  per  second,  which  is 
greater  of  course  than  the  bottom  or  the  mean  velocity.  Take  four-fifths  of 
the  surface  velocity  (being  nearly  the  proportion  of  mean  to  surface  velocity), 
and  multiply  by  the  sectional  area.  The  result  will  be  the  yield  of  the 
stream  per  second. 

It  may  sometimes  be  worth  while,  if  labour  be  at  hand,  to  remove  some  of 
the  inegularities  of  the  channel,  or  even  to  dig  a  new  one  across  the  neck  of 
a  bend  in  the  coxuse  of  the  stream. 

The  yield  of  a  spring  or  small  river  should  be  determined  several  times, 
and  at  different  periods  of  the  day. 

Wells, — ^The  yield  of  wells  can  only  be  known  by  pumping  out  tha  water 
as  far  as  can  be  done,  and  noticing  the  length  of  time  required  for  refilling. 
In  cases  of  copious  flow  of  water,  a  steam-engine  is  necessary  to  make  any 
impression ;  but,  in  other  cases,  pumping  by  hand  or  horse  hibour  may  be 

*  Nesbifs  Practical  Menranition,  1859,  p.  909.  Another  rale,  applicable  to  comnion  forms 
of  cttka  m  to  multiply  the  cube  of  the  diagonal  by  0-00225 ;  the  cube  of  the  diagonal  is  got  by 
adding  the  square  of  half  the  sum  of  the  diameters  to  the  saiiare  of  half  the  length ; — then 
this  sum  multiplied  by  its  square  root  gives  the  cube  of  the  diagonal.  This  and  many  other 
veAil  calealationa  can  be  very  orafTeniently  done  by  means  of  the  oommon,  or  carpenter's, 
ilids-mle. 

iDi$eKargB  of  waier  through  a  aluiee, — Multiply  breadth  of  opening  by  the  height ;  this 
giTcs  the  area  of  the  sluice. 

Diaeharffesiarea,  multiplied  hy  five  timee  the  equate  root  of  head  of  water  in  feet,—Th% 
keid  of  water  is  the  difference  of  level  of  the  water  above  and  below  the  dam,  if  the  sluice  be 
cstirdy  under  the  lower  level ;  or  the  heisht  of  the  upper  level  above  the  centre  of  the 
opcnini^,  if  the  sluice  be  above  the  lower  level. 

X  Duickarffe  of  water  over  a  weir  1  foot  in  length, — If  the  weir  is  more  or  less  than  a  foot, 
mnhi^ly  the  quantity  in  the  table  opposite  the  given  depth  by  the  length  of  the  weir  In  feet, 
ndeciiuals  or  a  foot. 


Defih  famag  Diseharge  per 

r,  Inebea  minate. 

}  •       1-70  cable  feet 

1  .  .        4*82    „       „ 
\i          •  •        8*84    „       „ 

2  .  .  18-68    „ 


Depth  falling  DIaduutire  per 

over,  inchea  mlnnte. 

2)  .  .  19-70  cubic  feet. 

8  .  .  26*82    „       „ 

H  .  .  38-28    „        „ 

4  .  .  40-71    „        „ 


7^  if  the  weir  measare  1  foot,  and  the  depth  of  water  fkllin?  over  be  2  inches,  the  delivery 
ii  read  at  once,  viz.,  18*63  cubic  feet,  or  84*9  gallons  per  minute. 
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sufficient  perceptibly  to  depress  the  water,  and  then,  if  the  quantity  taken  out 
be  measurod,  and  the  time  taken  for  refilling  the  well  be  noted,  an  approxi- 
mate estimate  can  be  formed  of  the  yield. 

Perma'nence  of  Supply, — It  is  obvious  that  the  permanence  of  the  supply 
of  a  spring  or  small  stream  may  often  be  of  the  greatest  moment  in  the  case 
of  an  encampment,  or  in  the  establishment  of  a  permanent  station. 

In  the  first  place,  evidence  should,  when  available,  be  obtained.  If  no 
evidence  can  be  got,  and  if  the  amount  and  period  of  rain  be  not  known,  it  is 
almost  impossible  to  arrive  at  any  safe  conclusion.  The  country  which  forms 
the  gathering  ground  for  the  springs  or  rivers  should  be  considered.  If  there 
be  an  extensive  background  of  hills,  the  springs  towards  the  foot  of  the  hills 
will  probably  be  permanent  In  a  flat  country  the  permanency  is  doubtful, 
unless  there  be  some  evidence  from  the  temperatuite  of  the  spring  that  the 
water  comes  from  some  depth.  In  limestone  regions  springs  are  often  fed 
from  subterranean  reservoirs,  caused  by  the  gradual  solution  of  the  rocks  by 
the  water  charged  with  carbonic  acid ;  and  such  springs  are  very  permanent 
In  the  chalk  districts  there  are  few  springs  or  streams,  on  account  of  the 
porosity  of  the  soil,  unless  at  the  point  the  level  be  considerably  below  that 
of  the  country  generally.  The  same  may  be  said  of  the  sandstone  formations, 
both  old  and  new ;  but  deep  wells  in  the  sandstone  often  yield  largely,  as  the 
permeable  rocks  form  a  vast  reservoir.  In  the  granitic  and  trap  districts, 
small  streams  are  liable  to  great  variations,  unless  fed  from  lakes ;  springs  are 
more  permanent  when  they  exist,  being  perhaps  fed  from  large  collections  or 
lochs. 

2.  Storage. 

The  amount  of  storage  required  will  depend  on  circumstances,  viz.,  the 
amount  used,  and  the  ease  of  replenishing.  It  is,  of  course,  easy  to  calculate 
the  space  required  when  these  conditions  are  known,  in  this  way: — ^The 
number  of  gallons  required  daily  for  the  whole  population  must  be  divided  by 
6 '23  to  bring  into  cubic  feet,  and  multiplied  by  the  number  of  days  which 
the  storage  must  last ;  the  product  is  the  necessary  size  of  the  reservoir  in 
cubic  feet 

Many  waters,  particularly  rain  water,  must  be  filtered  through  sand  before 
they  pass  into  small  cisterns,  and  the  filter  should  be  cleaned  every  three  or 
four  months.  Fig.  1.  is  a  single  filter  recommended  by  the  Barrack  Ck)m- 
mission.  * 

A  double  filter  can  be  made  by  having  a  second  chamber. 

Whatever  be  the  size  of  the  reservoir,  it  should  be  kept  carefully  clean, 
and  no  possible  source  of  contamination  should  be  permitted.  In  the  large 
reservoirs  for  town  supply,  the  water  is  sometimes  rendered  impure  by  floods 
washing  surface  refuse  into  them,  or  by  substances  being  thrown  in.  In  fact, 
in  some  cases,  water  pure  at  its  source  becomes  impure  in  the  reservoirs. 

Some  large  cities  are  still  supplied  principally  by  rain  water,  as  Con- 
stantinople— where  under  the  houses  are  enormous  cisterns, — ^Venice,  and 
other  places.     Gibraltar  and  Malta  are  in  part  supplied  in  this  way. 

As  far  as  possible,  all  reservoirs,  tanks,  &c,  should  be  covered  in  and 
ventilated  j  in  form  they  should  be  deep  rather  than  extended,  so  as  to  lessen 
evaporation,  and  secure  coolnes&  Though  they  should  be  periodically  and 
carefully  cleaned,  it  would  appear  that  it  is  not  always  wise  to  disturb  water 
plants  which  may  be  growing  in  them ;  some  plants,  as  the  Protococcus,  tho 
Chara,  and  others,  give  out  a  very  large  amount  of  oxygen,  and  thus  oxidise 

*  Beport  on  the  Meditenanean  Stations,  1863. 
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Bod  leitder  innocnouB  the  organic  matter  wfaioh  may  be  disBolved  in  tlie  \rateT 
or  toUtilised  from  the  surface.*  Dr  Chevere  mentions  that  the  water  of 
fome  tanks  which  were  ordered  to  he  cleared  of  water  plants  by  Sir  Charles 
Napier,  deteriorated  in  quality.  Other  plants,  however,  as  some  species  of 
duckweed  (Lemna  at  home,  Fistia  in  the  tropics),  are  said  to  contain  an  acrid 
matter  which  they  give  off  to  the  water.  It  would  be  well  to  remove  some 
of  the  plant,  place  it  in  pure  water  in  a  glass  vessel,  and  try  by  experiment 
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whether  the  amount  of  organic  matter  in  the  water  is  increased,  or  whether 
any  taste  is  given  to  the  water.  Dead  vegetable  matter  should  never  find  its 
Taj  into,  or  at  any  rate  remain  in,  the  reservoir. 

Whenever  a  reservoir  is  so  large  that  it  cannot  be  covered  in,  a  second 
imaller  covered  tank,  capable  of  holding  a  few  days'  supply,  might  be  pro- 
Tided,  and  this  might  be  fitted  with  a  filter,  through  whidi  the  water  of  the 
Iwge  reservoir  might  be  led  as  required, 

Wlien  tanks  are  large  they  are  made  of  earth,  stones,  or  masonry ;  if  mortar 
be  need,  it  should,  as  in  the  case  of  the  smaller  reservoirs,  be  hydraulic,  so 
Ikat  it  may  not  be  acted  on  by  the  water. 

The  materials  of  small  reservoirs  and  cisterns  are  stone,  cement,  brick,  slate, 
tilea,  lead,  rinc,  and  iion.  Of  these  slate  is  the  best,  but  it  is  rather  liable  to 
leakage,  and  must  be  set  in  good  cement ;  common  mortar  must  not  be  used 
for  rtoDc  or  cement,  as  lime  ia  taken  up  and  the  water  becomes  hard.  Leaden 
cBtems,  as  in  the  case  of  leaden  pipes,  may  yield  lead  to  water,  and  should  be 
DKd  as  little  as  possible,  or  should  be  protected.  Lead  cisterns  aie  often 
corroded  by  mud  or  mortar,  even  when  no  lead  is  dissolved  in  tlie  water. 
hen  cisterns  and  pipes  are  often  rapidly  eaten  away ;  they  are  now  sometimes 
protected  by  being  covered  inside  with  Portland  cement  or  with  a  vitreous 
f^aze.  Crease's  patent  cement  is  a  very  useful  covering.  Perhaps  Barff's 
pnwees  of  producing  the  magnetic  oxide  on  tlie  surface  of  iron  nuiy 
be  utilised.  Iron  tanks  are  now  very  much  used.  They  must  be  covered,  and 
in  India  be  protected  from  the  sun.  Zinc  has  been  said  to  be  a  good 
material ;  water  acte  a  little  upon  it,  but  generally  the  compounds  formed 
(bydrated  oxide,  zinc  nlmatef)  are  almost  insoluble.     ^Nevertheless,  it  is  said 
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that  water  passing  through  zinc  pipes,  or  kept  in  zinc  pails,  may  produce 
symptoms  of  metedlic  poisoning.* 

Cisterns  should  always  be  well  covered,  and  protected  as  much  as  possible 
from  both  heat  and  light  Care  should  always  be  taken  that  there  is  no 
chance  of  leakage  of  pipes  intb  them.  A  common  source  of  contamination  is 
an  overflow  pipe  passing  direct  into  a  sewer,  so  that  the  sewer  gases  pass  up, 
and  being  confined  by  the  cover  of  the  cistern^  are  absorbed  by  the  water ;  to 
prevent  this,  the  ove^ow  pipe  is  curved  so  as  to  retain  a  little  water  and  form 
a  trap,  but  the  water  often  evaporates,  or  the  gases  force  their  way  through  it ; 
no  overflow  pipe  should  therefore  open  into  a  sewer,  but  should  end  above 
ground  over  a  trapped  grating,  t  A  cistern  supplying  a  water-closet  should  not 
be  used  to  supply  cooking  and  drinking  water,  as  the  pipes  leading  to  the 
closet  often  conduct  closet  air  to  the  cistern.  Hence,  a  small  cistern  (water 
waste  preventer)  should  be  used  for  each  closet  Cisterns  should  be  periodi- 
cally and  carefully  inspected ;  and  in  every  new  building,  if  they  are  placed 
at  the  top   of  the  house,  convenient  means  of  access  should  be  provided. 

Tanks  to  hold  rain-water  require  constant  inspection. 

Wells  (which  are  really  reservoirs)  are  very  liable  to  contamination  from 
surface  washings  during  rains.  A  good  coping  will  often  prevent  this ;  but  if 
there  is  much  subsoil  soaking,  lining  with  iron  to  a  certain  depth,  or  covering 
with  brickwork  set  in  cement  for  a  sufficient  depth,  to  arrest  the  flow,  may  be 
desirable. 

3.  Distribution. 

When  houses  are  removed  from  sources  of  water  the  supply  should  be  by 
aqueducts  and  pipes.  The  distribution  by  hand  is  rude  and  objectionable,  for 
it  is  impossble  to  supply  the  proper  quantity,  and  the  risks  of  contamination 
are  increased.  Some  of  the  most  extraordinary  of  the  Eoman  works  in  both 
the  Eastern  and  Western  Empires  were  undertaken  for  the  supply  of  water — 
works  whose  ruins  excite  the  astonishment  and  should  rouse  &e  emulation  of 
modem  nations. 

The  plans  for  the  distribution  of  water  should  include  arrangements  for  the 
easy  and  immediate  removal  of  dirty  water.  This  is  an  essential  pointy  for  in 
many  towns  where  houses  are  not  properly  arranged  for  small  ftmiilies,  there 
are  no  means  of  getting  rid  of  water  from  the  upper  rooms,  and  this  incon- 
venience actually  limits  the  use  of  water,  even  when  its  supply  is  ample. 

The  supply  of  water  to  houses  may  be  on  one  of  two  systems,  intermittent 
or  constant  The  diflerence  between  the  two  plans  ia,  that  in  the  first  case 
there  is  storage  in  the  houses  for  from  one  to  three  days ;  while  in  the  latter  case, 
there  is  either  no  storage,  or  it  is  only  on  a  very  small  scale  for  two  purposes, 
viz.,  for  water-closets  and  for  the  supply  of  kitchen  boilers.}  It  should,  how- 
ever, be  understood  that  the  constant  supply  does  not  mean  an  unlimited  sup- 
ply, nor  is  it  the  fact  that  the  water  in  the  house  pipes  is  always  in  direct 
communication  with  the  water  in  the  reservoirs.  On  the  contrary,  the  water 
to  the  houses  is  often  cut  o£f^  particularly  in  places  where  the  supply  is 
limited,  and  fittings  are  not  good,  and  there  is  great  waste. 

*  My  friend,  Dr  Onbom,  of  Bitterne,  has  seen  several  cases  of  this  kind.  [In  some  cases, 
at  least,  water  left  in  the  so-called  galyanized  vessels  for  any  length  of  time, — a  good  many 
days,— tastes  strongly  of  zinc  salts. — F.  de  CI 

t  For  an  instance  of  Typhoid  fever  produced  by  this  cause,  see  Ijectures  on  State  Medicine, 
by  F.  de  Chaumont,  p.  7o,  77. 

X  Much  valuable  evidence  on  the  constant  supply  mav  be  found  in  the  Report  of  the  House 
of  Commons  Committee  on  the  East  London  Water  Bills,  1867.  It  is  curious  to  see  how  diffi- 
cult the  definition  of  a  constant  supply  was  found  to  be.  The  difference  of  opinion  between 
engineers  on  the  desirability  of  a  constant  supply  is  shown  to  be  considerable.  The  Rtatements 
in  the  text  are  drawn  from  a  collation  of  this  evidence,  and  from  a  consideration  of  Mr  i^ate- 
man's  pamphlet,  and  m&ny  other  works. 
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The  great  aiguments  against  storage  on  the  premises  (except  on  a  limited 
scale  for  cloeets  and  boilers)  are  the  chances  of  contamination  in  cisterns,  and 
the  veij  imperfect  means  of  storage.  In  poor  houses  wooden  casks  or  barrels 
aie  ohm  used,  and  may  be  placed  in  the  worst  situationa  The  aiguments 
against  the  storage  system  are  certainly  directed  in  part  against  removable 
fulnre&  If  every  house  had  a  good  cistem  in  a  proper  place,  i.e.y  secured 
from  contamination,  and  capable  of  easy  inspection  and  cleansing ;  if,  in  fact, 
the  details  of  the  system  were  good,  it  might  be  argued  that  storage  on  the 
premises  would  be  the  best  plan,  as  giving  without  fail,  and  at  all  times  of 
day  and  night,  a  sufficient  supply  of  water,  not  merely  for  common  use,  but 
for  emergencies.  It  must,  however,  be  admitted  that,  especially  in  poor 
houses,  the  inspection  and  cleansing  even  of  a  well-placed  cistem  will  never 
he  properly  done,  and  that  with  all  precautions  the  chances  of  contamination 
of  tiie  water  during  storage  are  very  great  As  regards  this  point,  the  constant 
system  has  a  very  great  superiority,  for  there  is  no  chance  of  contamination 
except  in  the  reservoir  or  in  the  pipes.  So  great  an  advantage  is  this  in  a 
sanitary  point  of  view,  that  almost  all  those  who  have  paid  most  attention  to 
sanitary  affidrs  have  advocated  the  constant  systent  It  is,  however,  quite 
necessaiy  that  it  should  be  understood  what  the  constant  system  sometimes  is 
in  pzactica  When  there  is  an  abundance  of  water,  as  at  Glasgow,  the 
stoppages  of  water  may  be  few,  but  when  water  has  to  be  economised,  the 
water  is  from  time  to  time  shut  off  from  the  house  pipes,  and  then  no  water 
may  be  procurable  for  hours.  This,  however,  is  avoided  as  much  as  possible 
in  the  day  time,  so  that  the  inconvenience  is  reduced  to  a  minimum.  In  some 
cases,  again,  in  order  to  economise  water,  a  throttle  or  ferule  is  introduced  into 
the  oonmiunication  or  house  pipe,*  lessening  the  diameter  to  ^th  or  even  to 
^th  of  an  inch,  or  smaller,  so  that  if  the  head  of  pressure  be  small  the  water 
flows  very  slowly,  and  sometimes  merely  dribbles.  In  other  cases,  a  meter  is 
put  on  a  pipe  conununicating  with  several  houses ;  and  the  owner  of  the  houses 
is  charged  for  the  water,  and  this  leads  him  to  enforce  a  very  sparing  use  of 
it  In  all  these  ways  the  constant  system  may  tell  against  the  consumer ; 
while,  on  the  other  hand,  great  waste,  leaking  fittings,  and  fraudulent  abstrac- 
tion of  water  (to  avoid  which  there  are  several  ingenious  contrivances)  tell 
against  the  company,  and  lead  to  a  depreciation  of  their  property.  Another 
injury  is  also  sometimes  inflicted  on  the  company,  for  their  fittings  are  stolen, 
and  besides  the  loss,  an  enormous  waste  of  water  may  be  caused,  and  not  be 
deftected  for  some  tim& 

In  spite  of  all  these  difficulties,  the  system  of  constant  supply,  in  some 
shape  Or  other,  has  been  carried  out  in  about  150  towns  in  England ;  f  and  the 
Metropolis  Water  Act  of  1871  has  now  ordered  constant  supply  for  London, 
if  demanded  by  the  rate-payers,  and  if  proper  fittings  are  provided. 

hi  providing  a  constant  supply,  certain  precautions  are  necessary.  The 
fittings  must  be  as  perfect  as  possible.  In  some  cases,  when  the  system  has 
been  changed  from  the  intermittent  to  the  constant  system,  as  in  Chester,  the 
waste  of  water  has  been  so  great  that  the  old  plan  has  been  recurred  to. 
Common  taps  do  not  answer,  and  the  best  screw  taps  and  fittings  must  he 
xoKiLX    ^o  prevent  theft,  it  has  been  proposed  to  make  the  removal  of  fittings 

'The  terms  used  to  describe  the  pipes  differ  a  little  appareDtly ;  the  mains  and  district  or 
tab-mains  are  tiie  large  pipes,  which  are  always  fall  of  water,  the  latter  being  of  course  the 
smaOer ;  the  senice-pipe  is  another  term  for  a  district  main.  The  communication-pipe  is  that 
vkiehrans  from  the  service-pipe  to  the  house,  and  in  the  house  it  takes  the  name  of  house- 
pipe. 

tMr  Bens'  Pamphlet,  op,  eit,  page  20. 

t  A  had  ball-cock  has  been  known  to  drop  12  gallons  a  dsy. 
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a  specific  offence,  punislied  summarily  by  imprisonment^  and  to  place  the 
sale  of '  such  property  under  the  same  restrictions  as  in  the  case  of  Crown 
property.  %.  .  ^ 

One  important  sanitary  advantage  of  the  constant  system  is  that,  in  order 
to  facilitate  inspection  and  detection  of  waste,  no  waste  pipe  is  allowed  to  open 
into  a  sewer,  but  it  is  always  so  placed  that  any  escape  of  water  can  be  easily 
seen  (the  so-called  warning  pipe).  The  great  evil  of  sewer  gases  being  con- 
ducted back  into  houses  through  overflow  pipes  is  thus  avoided.  Careful 
inspection  and  good  flttings  so  far  lessen  the  waste  of  the  constant  system, 
that  in  some  cases  less  water  is  used  than  under  the  intermittent  plan.* 

Some  engineers  have  proposed  what  may  be  called  a  compromise  between 
the  intermittent  and  constant  systems.  They  would  allot  to  a  house  of  a 
certain  size  and  population  a  given  daily  amount  of  water,  and  give  an  equal 
storage,  with  a  cistern,  and  would  then  deliver  through  a  tube  with  a  very 
small  orifice  an  amount  of  water  in  twenty-four  hours  just  equal  to  the 
storage.  In  that  way  the  day  would  commence  with  the  storage  of  the  night, 
which  would  be  sufficient  for  the  morning  washing.  The  water  company 
could  not  lose  in  this  way ;  and  it  would  be  for  the  tenant  to  look  after  his 
fittings  if  at  any  time  he  found  himself  without  water.  The  objection  to  this 
plan  is  that  cisterns  are  reintroduced,  and  their  lessened  size  does  not  remove 
the  objections  to  them. 

If  the  constant  system  is  used,  a  good  screw  stop-cock,  available  to  the 
tenant,  should  be  placed  at  the  point  of  the  entrance  of  the  pipe  into  the 
house,  so  that  the  water  may  be  turned  off  if  pipes  burst,  or  to  allow  the  pipes 
to  be  empty,  as  during  frost  Every  precaution  must  be  taken  that  impure 
water  ia  not  drawn  into  the  pipes  by  a  pipe  being  emptied  and  sucking  up 
water  from  a  distance,  f 

For  the  supply  of  a  very  large  city,  it  might  be  desirable  to  divide  the  city 
into  sections,  and  to  establish  a  reservoir  for  each  district,  holding  three  or 
four  days'  supply.  In  this  way  the  waste  of  one  section  would  not  take  away 
the. water  from  another.  In  some  instances,  people  in  one  part  of  a  town 
supplied  with  the  constant  system,  have  used  so  much  water  for  gardens  that 
other  parts  have  been  altogether  deprived  of  supply.  The  system  of  secondary 
reservoirs  would  not  only  lessen  tiiis  chance,  but  would  make  it  possible  to 
ascertain  that  every  part  of  the  town  was  getting  its  supply.     The  number  of 

*  Erldenoe  of  Mr  Easton  in  the  Report  of  Committee  on  the  East  London  Water  Bills,  1867. 

f  The  Board  of  Trade  issued  a  Minute  in  1872  laying  down  regulations  and  defining  the 
kind  of  fittings  and  arrangements  for  London ;  the  following  are  the  principal  points  :  lead 
pipes  to  be  of  certain  strength  (if  internal  diameter  is  J  in.,  ^  in.,  |  in.,  I  in.,  1  in.,  1|  in., 
the  respective  weights  per  lineal  yard  are  to  be  5  lb.,  6  lb.,  7^  Id.,  9  lb.,  12  lb.,  16  lb.). 
Every  pipe  in  contact  with  the  ground  to  lie  of  lead ;  each  house  to  have  a  communication  pipe, 
but  only  one,  unless  an  owner  has  it  for  a  block  of  houses ;  connection  of  every  communication 
pipe  to  be  bv  a  brass  screwed  ferule  or  stop-cock  with  a  clear  area  of  water  way  equal  to  ^ 
inch,  every  joint  to  be  a  "  plumbing"  or  "  wipe"  joint.  No  pipe  to  pass  through  an  ash-pit, 
manure  heap,  drain,  unless  it  cannot  be  avoided,  and  then  the  pipe  is  to  be  laid  in  an  exterior 
cast-iron  pipe  or  jacket ;  each  pipe  in  the  ^und  to  be  30  inches  below  surface  ;  each  com- 
munication pipe  to  have  near  the  entrance  into  the  house  a  screwdown  stop-valve  ;  if  in  the 
ground  such  valve  to  be  protected  by  proper  cover  and  guard  box ;  every  cistern  to  be  water- 
tight, to  have  a  good  "  ball-tap ;"  no  waste-pipe  except  a  "  warning  pipe,"  and  such  warning 
pipe  to  be  so  placed  as  to  be  easily  inspectea.  No  cistern  buried  in  ground  to  be  used  ; 
wooden  cisterns  to  have  metallic  linings  ;  every  water-closet,  urinal,  or  boiler  shall  be  served  only 
from  a  cistern,  and  shall  not  be  in  direct  communication  with  the  water-pipes ;  closets  anil 
urinals  to  have  water- waste  preventers;  every  ''down  pipe**  into  a  water-closet  to  have  an  in- 
ternal diameter  of  not  less  than  1|  inch,  and  to  weigh  not  less  than  9  lb,  per  lineal  yard.  No 
bath  to  have  an  overflow  pipe  except  of  the  "warning"  kind ;  the  outlet  must  be  distinct 
from  the  inlet,  and  the  inlet  sliall  be  higher  than  the  highest  stand  of  the  water.  Lead  warning 
pipes,  of  which  the  ends  are  open,  and  which  cannot  remain  charged  with  water,  may  have 
the  foUowing  minimum  weight  *,  ^  inch  diameter  to  have  a  weight  8  lbs.  per  yard  ;  |  in.,  5  lbs.  ; 
1  iiL,  7  lbs. 
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water  companies  in  London  has  in  fact  somewhat  this  effect^  but  the  subdivi- 
sion is  not  carried  far  enough. 

To  sum  up  the  comparative  sanitary  advantages  of  the  two  systems,  I 
believe  it  may  be  said  that  either  would  answer  if  perfectly  carried  out ;  but 
that  the  constant  system  is  safer,  especially  for  poor  houses,  as  it  leaves  no 
loop-hole  for  inattention  in  the  cleansing  of  cisterns.  Only,  it  requires  that  the 
constant  system  should  really  fulfil  the  conditions  laid  down  for  it^  viz.,  it 
should  deliver  sufficient  water  and  at  all  times,  and  not  merely  delude  us  with 
a  phrase. 

In  both  plans,  the  water  is  conducted  from  the  reservoirs  in  pipes.  The  pipes 
are  composed  of  iron,  masonry,  or  earthenware  for  the  larger  pipes  or  mains, 
the  iron  being  sometimes  tinned  or  galvanised,  or  lined  with  concrete,  or 
pitched,  or  covered  with  a  vitreous  glaze,  such  as  that  patented  by  De 
Lavenant ;  for  the  smaller  pipes,  iron,  lead,  tin,  zinc,  tinned  copper,  earthen- 
ware, gut^  percha,  &c.,  are  used. 

Bituminised  paper  pipes  were  sometime  since  brought  into  the  market, 
but  they  have  not  succeeded;  after  a  time  they  become  soft  Pipes  of 
artificial  stone  are  now,  it  is  said,  able  to  be  made.  Iron  is  the  best  material 
for  the  larger  pipes,  and  iron  or  non-metallic  substances  for  the  smaller  pipes. 

Water  should  be  distributed  not  only  to  every  house,  but  to  every  floor  in 
a  house.  If  this  is  not  done,  if  labour  is  scarce  in  the  houses  of  poor  people, 
the  water  is  used  several  thnes ;  it  becomes  a  question  of  labour  and  trouble 
verms  cleanliness  and  he^th,  and  the  latter  too  often  give  way.  Means  must 
also  be  devised  for  the  speedy  removal  of  dirty  water  from  houses  for  the 
same  reasons.  In  fact,  houses  let  out  in  lodgings  should  be  looked  upon,  not 
as  single  houses,  but  as  a  collection  of  dwellings,  as  they  really  are. 


ACTION  OF  WATER  ON  LEAD  PIPES. 

There  are  more  discrepancies  of  opinion  on  this  subject  than  might  have 
been  anticipated. 

From  an  analysis  of  most  of  the  works,  the  following  points  appear  to  be 
the  most  certain  : — 

1.  The  waters  which  act  most  on  lead  are  the  purest  and  most  highly 
oxygenated;  also  those  containing  organic  matter,  nitrites  (Medlock),* 
nitrates,  t  and  according  to  several  observers,  chlorides.  |  Besides  the  portion 
dissolved,  a  film  or  crust  is  often  formed,  especially  at  the  time  of  contact  of 
water  and  air ;  this  crust  consists  usually  of  2  parts  of  lead  carbonate  and  1 
part  of  hydrated  oxida  The  mud  of  several  rivers,  even  the  Thames,  will 
eorrode  lead,  probably  from  the  organic  matter  it  contains,  but  it  does  not 
necessarily  follow  that  any  lead  has  been  dissolved  in  the  water.  Bits  of 
mortar  will  also  corrode  lead. 

2.  The  waters  which  act  least  on  lead  are  those  containing  carbonic  acid,§ 
calcium  carbonate,  calcium  phosphate  (which  has  been  found  by  Erankland  to 


^Hedlock  attribntes  the  greatest  influence  to  nramoninm  nitrite  fonned  from  organic  matter ; 
lead  nitrite  is  rapidly  formed,  and  carbonate  is  then  produced  ;  the  nitrous  acid  being  set  fbee 
to  act  on  another  portion  of  lead.    The  ammonium  nitrite  exists  in  most  distilled  water. 

t  PatUson  Mnir  attributes  very  powerful  action  to  nitrates,  but  says  that  it  is  modified  or 
even  arrested  by  the  presence  of  carbonates,  sulphates,  and  chlorides. 

t  PftUison  Mnir  found  that  a  solution  of  sulphate  or  chloride  of  ammonium  of  0'04  per 
cent,  took  up  2*2  grains  per  gallon  after  exposure  to  lead  for  505  hours. 

§  In  a  late  paper,  M.  Lan^Iois  (Rec.  de  M^m.  de  M^  Mill,  1865,  p.  412)  attribntes  a  grent 
tction  on  lead  to  the  carbonic  acid,  but  states  that  the  carbonate  of  Imie  entirely  protects  lead, 
specially,  aa  I  imderstand  him,  by  rendering  the  carbonic  acid  inactive. 
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have  a  great  protective  power),  and  in  a  less  degree,  calcium  sulphate ;  and, 
perhaps,  in  a  still  less  degree,  magnesian  salt^,  and  the  alkaline  phosphates ;  * 
but  it  has  been  said  that  perfectly  pure  water,  containing  no  gases,  has  no 
action  on  lead.  The  deposit  which  frequently  coats  the  lead  consists  of 
carbonate,  phosphate,  and  sulphate,  of  lead,  calcium,  and  magnesium,  if  the 
water  have  contained  these  salts,  and  lead  chloridaf 

3.  From  the  observations  of  Graham,  Hofmann,  and  Miller,  the  protactive 
influence  of  carbonic  acid  gas  appears  to  be  very  great ;  a  difficultly  soluble 
lead  carbonate  is  formed.  However,  a  very  great  excess  of  free  carbonic  acid 
may  dissolve  this.  This  has  perhaps  led  to  the  statement  that  carbonic  acid 
counteracts  the  preservative  effects  of  the  salts.  |  Water  charged  with  carbonic 
acid  under  pressure  has  a  very  marked  solvent  action  on  lead  (Pattison  Muir). 

Other  substances  may  find  their  way  into  water,  which  may  act  on  lead — 
as  vegetable  and  fatty  acids,  arising  from  fruits,  vegetables,  &c.,  or  sour  milk 
or  cider,  &c. 

4.  The  lead  itself  is  more  easily  acted  upon  if  other  metals,  as  iron,  idnc,  or 
tin,  are  in  juxta-postition ;  galvanic  action  is  produced.  Bending  lead  pipes 
against  the  grain,  and  thus  exposing  the  structure  of  the  metal,  also  increases 
the  risk  of  solution ;  zinc  pipes,  into  the  composition  of  which  lead  often 
enters,  yield  lead  in  large  quantities  to  water,  and  this  has  been  especially  the 
case  with  the  distilled  water  on  board  ships. 

AMOUNT  OF  DIBSOLVBD  LEAD  WHICH  WILL  FRODUOB  STMPTOICS  OF  POISONING. 

Dr  Angus  Smith  refers  to  cases  of  lead  paralysis  in  which  as  little  asy^th 
of  a  grain  per  gallon  was  in  the  water.  Adams  also  ("  Trans,  of  the  American 
Medical  Society,"  1852,  p.  163)  speaks  of  y^th  of  a  grain  causing  poisoning. 
Graham  speaks  of  -^th  of  a  grain  per  gallon  as  being  innocuous.  Angus 
Smith  says  that  -^th  of  a  grain  per  gallon  may  affect  some  persons,  while 
•j^th  of  a  grain  per  gallon  may  be  required  for  others.§  But  it  is  difficult  to 
prove  it  may  not  at  some  time  have  been  more  than  this.  Calvert  found  that 
water  which  had  been  decidedly  injurious  in  Manchester  contained  from  -^^th 
to  ^ths  of  a  grain  per  gallon. 

In  the  celebrated  case  of  the  poisoning  of  Louis  Philippe's  family 
at  daremont,  the  amount  of  lead  was  i^^ths  of  a  grain  per  gallon;  this 
quantity  affected  34  per  cent  of  those  who  drank  the  water. 

The  water  of  Edinburgh  is  said  to  contain  only  Yiir^^  ^^  ^  grain  per  gall<», 
which  is  not  hurtful || 

On  the  whole,  it  seems  probable  that  any  quantity  over  ^^^^th  of  a  grain  per 
gallon  should  be  consideied  dangerous,  and  that  some  persons  may  even  be 
affected  by  less  quantities.ir 

PROTECTION  OF  LEAD  FIPSS. 

The  chief  means  which  have  been  proposed  are : — 

(a)  Lining  with  tin.     Calvert's  experiments**  show  that  extra  tinned  and 


*  Report  of  tbe  Gkvernment  Commission,  1851,  p.  7. 
t  Lauder  Lindsay,  Action  of  Hard  Water  on  Lead,  p.  7. 
t  There  is  some  discrepaucy  of  opinion  as  to  the  action  of  the  chlorideB. 
§  Wanklyn  adopts  ^i^th  of  a  gram  per  gallon  as  Justifying  rejectioa  of  a  water ;—  ^th  would 
probably  be  a  safer  limit. 
II  Chemical  News,  September  28, 1861. 

IT  See  also  Taylor's  Med.  Jnrisp.,  1865,  p.  242 ;  and  opinions  of  Penny,  ibid.  p.  241, 
"  Chemical  News,  September  28,  1861. 
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cndiiiaiy  tiimed  lead  piping  both  gave  up  lead  to  the  pure  water  now  used  at 
Manchester. 

(b)  A  much  better  plan  is  by  having  a  good  block-tin  pipe  inclosed  in  a 
lead  pipe^  as  in  Haines'  patent  If  the  tin  is  good,  it  is  little  acted  on,  and 
the  streiigth  of  the  pipe  is  increased,  while  bends  and  junctions  can  be  made 
without  destroying  the  continuity  of  the  tin.* 

(e)  Fusible  metal,  viz.,  lead,  bismuth,  and  tin.  This  is  certainly 
objectionable. 

(d)  Bituminous  coating  (M'Dougall's  patent).  This  is  said  to  be  effectual, 
but  I  am  not  aware  of  any  exact  experiments. 

(e)  Various  gums,  resins,  gutta  percha,  and  india-rubber.  These  would 
probably  be  efficacious,  but  I  am  ignorant  of  any  evidence  to  show  how  long 
they  will  adhere. 

(/)  Coating  interior  of  pipes  with  lead  sulphide  by  boiling  the  pipes  in 
Bodium  sulplude  for  fifteen  minutes.  The  sodium  sulphide  may  be  made  by 
boiling  sulphur  in  liquor  sodse.     (Schwartz's  patent) 

(^)  Roan  and  grease  with  white  lead  (1)  has  been  proposed,  also  rosin  and 
aEsemc    Both  are  most  objectionable. 

(k)  Yamish  of  coal  tar.t 

SUBSTITUTES  FOR  LEAD  FIFES. 

Cast  and  wrought  iron  pipes  can  be  used,  and  Mr  Bawlinson  informs  me 
that  he  now  orders  no  others.  The  iron  can  be  glazed  internally. :{  Copper 
tinned  and  block-tin  are  also  employed,  and  both  are  excellent,  but  are  rather 
expensive  In  some  cases  the  tin  is  eaten  through,  but  this  is  not  common.  § 
Zmc,  which  speedily  gets  covered  with  an  insoluble  oxide,  can  be  used,  if  the 
water  contains  calcium  carbonate,  as  this  is  said  to  prevent  the  free  carbonic 
acid  from  dissolving  the  oxide.  Gutta  percha  and  bituminised  paper  pipes 
have  been  proposed,  but  at  present  are  not  in  much,  if  in  any,  use.  Artificial 
atone  has  also  been  employed. 

SECTION  II. 
QUALITY  OF  DRINKING  WATER. 

Sub-Section  L — Composition. 

The  composition  of  water  is  of  importance  for  several  economic  purposes  ; 
for  certain  trades  which  require  careful  processes  of  washing  and  dyeing ;  for 
the  supply  of  engines,  &c  But  these  subjects  are  too  technical  to  be  dis- 
coaaed  here,  and  I  have  restricted  this  chapter  to  the  quality  of  water  as  used 
for  drinking  purposes.  The  only  domestic  matter  of  importance  connected 
with  quality,  apart  from  drinking  and  cooking,  is  the  relative  amount  of  soap 
used  by  hard  and  soft  water  in  washing.  But  this  is  so  obvious  a  matter  that 
it  only  requires  to  be  alluded  ta 

*  The  compoeite  pipes  of  this  kind  made  bv  Messrs  Walker,  Parker,  &  Co.  are  said  to  with- 
■taod  any  amonnt  of  torsion.  On  the  authority  of  Professor  Reynolds  (Manual  of  Health  for 
Iiekad)  it  is  said,  that  lead  alloyed  with  3  per  cent,  of  tin  is  not  acted  upon  by  water ;  pipes  of 
this  kind  appear  to  be  used  in  Dublin  and  in  Glasgow. 

+  Lauder  Lindsay,  Action  of  Hard  Water  on  Lead,  p.  21. 

t  Iron  pipes  coated  inside  with  Angus  Smith's  bituminous  varnish  are  a  good  deal  used, 
hi  eiperiments  made  at  Netley  these  were  found  to  yield  a  distinct  taste  of  tar  to  the  water 
for  a  considerable  time ;  after  a  time,  however,  this  action  ceased.    Probdbly  BarfTs  process  of 
producing  a  surface  of  magnetic  oxide  on  iron  will  come  into  use. 

f  I  have  seen  block  tin  pipes  eaten  through  by  water  at  Woolston,  apparently  in  consequence 
of  the  presence  of  nitrates.    [F.  De.  C] 
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Owing  to  many  of  the  domestic  nses  of  water,  such  as  the  washing  of 
Titensik,  the  supply  for  closets,  &c.,  not  requiring  a  very  pure  water,  it  has 
heen  proposed  in  some  cases  to  supply  water  from  two  sources — one  pure  for 
drinking  and  cooking,  the  other  impure.  This  requires,  however,  two  sets  of 
pipes,  and  involves  the  chance  of  mistake  hetween  two  waters ;  and  it  is  only 
likely  to  he  of  use  under  exceptional  circumstances. 

Drinking  water  is  supplied  from  shallow,  deep,  and  Artesian  well  sources : 
rain,  rivers,  wells,  springs,  &c. 

Bain  Water. — ^As  it  falls  through  the  air,  rain  becomes  highly  aerated 
(average,  25  cubic  centimetres  per  litre),  the  oxygen  being  in  larger  proportion 
than  in  atmospheric  air  (32  per  cent,  or  a  little  more) ;  carbonic  acid  consti- 
tutes 2^  or  3  per  cent  of  the  gas.  It  carries  down  from  the  air  ammoniacal 
salts  (carbonate,  nitrite,  and  nitrate),  and  nitrous  and  nitric  acids  in  small 
amount  The  total  quantity  of  nitrogen  in  ammoniacal  salts,  nitrous  and 
nitric  acid,  is  '000985  grammes  per  litre.  In  towns  with  coal-fires  it  takes 
up  sulphurous  and  sulphuric  acids,  and  sometimes  sulphuretted  hydrogen. 
,The  sulphates  in  rain  increase,  according  to  Dr  Angus  Smith,*  as  we  pass 
inland,  and  before  large  towns  are  reached ;  they  are,  according  to  this  author, 
"  the  measure  of  the  sewage  in  air "  when  the  sulphur  derived  from  the  com- 
bustion of  coal  can  be  excluded,  but  in  this  country  the  exclusion  could  never 
be  made.  Free  acids  are  not  found  with  certainty,  according  to  Smith,  when 
combustion  and  manufactures  are  not  the  cause.  The  acidity  taken  as 
sulphuric  anhydride  was  equal  to  "0097  grains  per  gallon  of  rain  in  a  country 
place  in  Scotland,  and  1*0589  grains  in  Glasgow;  in  Manchester  in  1870  it 
was  '8416,  and  in  London,  -2713  grains.  The  nitric  acid  in  Glasgow  was  as 
much  as  '1705  grains  per  gallon,  and  in  London  only  •06188.  Albuminoid 
ammonia  was  no  less  than  '326  parts  in  a  million  in  London  rain  (A.  Smith, 
op,  cit  p.  363).  Eain  also  carries  down  many  solid  substances,  as  sodium 
chloride,  in  sea  air ;  calcium  carbonate,  sulphate,  and  phosphate ;  ferric  oxide ; 
carbon.  It  almost  always  contains  also  a  little  nitrogenous  organic  matter, 
amounting  in  extreme  cases  to  as  much  as  '35  grains  per  gallon.  The  total 
amount  of  solids  (mean  of  5  analyses!)  ^  0*032  grammes  per  litre,  or  2*24 

grains  per  gallon.! 

Occasionally  microscopic  plants  of  the  lowest  order  (as  Protococcus  pluvialis 
and  others)  are  present 

Kain  also  often  becomes  very  impure  from  taking  up  substances  (lead,  zinc, 
&c.)  from  the  receiving  surface  on  which  it  falls,  and  it  also  often  carries 
down  portions  of  leaves,  &c.,  into  the  pipes  and  reservoirs,  which  slowly 
dissolve  in  it 

With  regard  to  rain  as  a  source  of  supply. — The  uncertainty  of  the  rainfall 
from  year  to  year,  the  length  of  the  dry  season  in  many  countries,  and  the 
large  size  of  the  reservoirs  which  are  then  required,  are  disadvantages.  On  the 
other  hand,  its  purity  and  its  great  aeration  make  it  both  healthy  and  pleasant 
The  greatest  benefits  have  resulted  in  many  cases  (especially  in  some  of  the 

♦  Air  and  Rain,  1872,  p.  245. 

t  Quoted  by  Moleschott.  Phys.  der  Nahrangsmittel,  2d  edit  p.  203. 

X  In  rain-water  collected  at  St  Albans,  in  the  middle  of  an  arable  field,  two  feet  ih>m  the 
^und,  Frankland  found  as  much  as  8'58  parts  in  100,000,  or  6*006  grains  per  gallon  ; 
mean  of  63  sample,  3*86  parts  per  100,000,  or  2*701  gr.  per  gallon.  From  the  roof  of  the  Laud's 
End  Hotel  (Cornwall)  42*8  per  100,000,  of  which  one  half  was  chlorides. 

In  a  sample  ttom  supply  tank  in  officers'  quarters  at  Portland  I  found  47*95  gr.  per  gallon  of 
solids,  of  which  about  10  were  chlorides  ;  tne  organic  constituents  were  also  very  bu^.  In 
another  sample,  gathered  as  collected,  32*55  total  solids  and  14  chlorides  ;  and  in  one  from  a 

Sipe  leading  to  tne  cookhouse,  69*25  total  solids  and  15*2  chlorides.    In  a  sample  collected 
iroush  funnels  direct  into  elass  bottles,  the  solids  were  6*65  per  ^lon,  of  which  4*9  were 
volatile,  chiefly  ammonium  cnloride,  &c.   [F.  de  C] 
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West  Indian  Islands)  from  the  nae  of  rain  instead  of  spring  or  well  water, 
Trhich  IB  often  largely  impregnated  with  earthy  salts.  In  all  places  where  the 
spriiig  or  well  water  is  thus  bad,  as  in  the  neutral  ground  at  Gibraltar,  rain 
water  should  be  substituted.  So  also  it  has  been  suggested  that  in  outbreaks 
of  cholera  anywhere,  the  rain  water  is  less  likely  to  become  contaminated 
with  sewage  matters  than  weUs  or  springs,  into  which  organic  matters  often 
find  their  way  in  an  unaccountable  manner. 

Ice  and  Snow  Water. — In  freezing,  water  becomes  much  purer,  losing  a 
kige  portion,  sometimes  the  whole,  of  its  saline  contents.  Even  calcium 
carbonate  and  sulphate  are  thus  got  rid  of.  The  air  is  at  the  same  time 
expelled.  Ice  water  is  thus  tolerably  pure,  but  heavy  and  non-aerated. 
Snow  water  contains  the  salts  of  rain  water  with  the  exception  of  rather  less 
ammonia.     The  amounts  of  carbonic  acid  and  air  are  very  small 

There  has  long  been  an  opinion  that  snow  water  is  unwholesome,  but  this 
is  based  on  no  reliable  observations.  In  Northern-  Europe,  however,  the 
poorer  classes  have  the  habit  of  taking  the  snow  lying  about  their  dwellings, 
and  as  this  is  often  highly  impure  with  substances  thrown  out  from  the  house, 
this  water  may  be  unwholesome.  It  has  been  conjectured  that  the  spread  of 
cholera  in  the  Eussian  winter  in  1832,  was  owing  to  the  use  of  such  snow 
water  contaminated  by  excretions. 

Dew  has  occasionally  been  a  source  of  supply  to  travellers  in  sterile  regions 
in  Sonth  Africa  and  Australia,  or  on  board  ship. 

Spring^  Well,  and  River  Water, — ^The  rain  falling  on  the  ground  partly 
evaporates,  partly  runs  off,  and  partly  sinks  in.  The  relative  amounts  vary 
with  configuration  and  density  of  the  ground,  and  with  the  circumstances 
impeding  or  favouring  evaporation,  such  as  temperature,  movement  of  air,  &c. 
In  the  magnesian  limestone  districts,  about  20  per  cent  penetrates ;  in  the  new 
red  sandstone  (Triassic),  25  per  cent ;  in  the  chalk,  42 ;  in  the  loose  tertiary 
sand,  90  to  96. 

Penetrating  into  the  ground,  the  water  absorbs  a  large  proportion  of 
carbonic  acid  from  the  air  in  the  interstices  of  the  soil,  which  is  much  richer 
(250  times)  in  CO^  than  the  air  above.  It  then  passes  more  or  less  deeply 
into  the  earth,  and  dissolves  everything  it  meets  with  which  can  be  taken  up 
in  the  time,  at  the  temperature,  and  by  the  aid  of  carbonic  acid.  In  some 
sandy  soils  there  is  a  deficiency  of  CO2,  and  then  the  water  is  also  wanting  in 
this  gas,  and  is  not  fresh  and  sparkling. 

The  chemical  changes  and  decompositions  which  occur  in  the  soil  by  the 
action  of  carbonic  acid,  and  which  are  probably  influenced  by  diffusion,  and 
perhaps  pressure,  as  well  as  by  temperature,  are  extremely  curious,''^  but  can- 
not be  entered  upon  here.  The  most  common  and  simple  are  the  solution  of 
calcium  carbonate,  and  the  decomposition  of  calcium  and  sodium  silicate  by 
carbonic  acid,  or  alkaline  carbonates.  Salts  of  ammonia  also,  when  they 
exist)  appear  from  Dietrich's  observations  to  have  a  considerable  dissolving 
effect  on  the  silicates. 

Fed  from  a  variety  of  sources,  river  water  is  even  more  complex  in  its  con- 
stitntion  than  spring  water ;  it  is  also  more  influenced  by  the  season,  and  by 
circumstances  connected  with  season,  such  as  the  melting  of  snow  or  ice, 
rains  and  floods,  &c  The  water  taken  on  opposite  sides  of  the  same  river 
has  been  found  to  differ  slightly  in  composition. 

The  general  result  of  solution  and  decomposition  is  that  the  water  of  springs 

*The8eaTe  given  in  detail  byQ.  Bischof,  "Chemical and  Physical  Geology"  (Cavendish 
Society's  edit.),  1854,  vol.  i.  pw  2,  et  seq,  ;  and  in  ''Watt's  Dictionary  of  Chemistry  ; "  Article, 
Chemistry  of  Geology,  by  Dr  Paul.  . 
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and  rivers  often  contains  a  great  ntunber  of  constitnents — some  in  very  small, 
others  in  great  amount  Some  waters  are  so  highly  charged  as  to  be  termed 
mineral  waters,  alid  to  be  nnfit  for  drinking,  except  as  medicines.  The 
impurities  of  water  are  not  so  much  influenced  by  the  depth  of  the  spring  as 
by  the  strata  it  passes  through.  The  water  of  a  surface  spring,  or  of  the 
deepest  Artesian  well,  may  be  pure  or  impure.  The  temperature  of  the  water 
also  varies,  and  is  chiefly  regulated  by  the  deptL  The  temperature  of 
shallow  springs  alters  with  the  season ;  that  of  deeper  springs  is  often  that  of 
the  yearly  mean.  In  very  deep  springs,  or  in  some  Artesian  wells,  the 
temperature  of  the  water  is  high. 

The  substances  which  are  contained  in  spring,  river,  and  well  waters  are 
noted  more  fully  under  the  head  of  "  Examination  of  Water."  There  may 
be  suspended  matters,  mineral,  vegetable,  or  animal ;  dissolved  gases,  viz., 
nitrogen,  oxygen,  carbonic  acid,  and  in  some  cases  sulphuretted  hydrogen, 
and  carburetted  hydrogen;  and  dissolved  solid  matters,  consisting  of  lime, 
magnesia,  soda,  potassa^  ammonia,  iron,  alumina,  combined  with  chlorine, 
and  sulphuric,  carbonic,  phosphoric,  nilric,  nitrous,  and  silicic  acids.  More 
infrequently,  or  in  special  cases,  certain  metals,  as  arsenic,  manganese,  lead, 
zinc,  and  copper  may  be  present 

The  mode  of  combination  of  these  substances  is  yet  uncertain ;  it  may  be 
that  the  acids  and  bases  are  equally  distributed  among  each  other,  or  some 
other  modes  of  combination  may  be  in  play.  The  mode  of  combination  is 
usually  assumed  to  be  as  follows.*  The  chemist  determines  the  amount  of 
each  separate  substance,  and  then  calculates  the  combination  as  follows.  The 
chlorine  is  combined  with  sodium ;  if  there  is  an  excess,  it  is  combined  with 
potassium  or  calcium;  if  there  is  an  excess  of  soda,  it  is  combined  with 
sulphuric  acid,  or  if  still  in  excess,  with  carbonic  acid.  Lime  is  combined 
with  excess  of  chlorine,  or  sulphuric  acid,  or  if  there  be  no  sulphuric  acid,  or 
an  excess  of  lime,  with  carbonic  acid.  Magnesia  is  combined  with  carbonic 
acid«  So  that  the  most  usual  combinations  are  sodium  chloride,  sodium  sul- 
phate, sodium  carbonate,  calcium  carbonate  (held  in  solution  by  carbonic  acid), 
calcium  sulphate,  calcium  chloride  and  silicate,  and  magnesium  carbonate; 
but  the  restdts  of  the  analysis  may  render  other  combinations  necessary. 

Distilled  Water. — ^Distillation  is  now  very  largely  used  at  sea,  and  affords 
an  easy  way  of  getting  good  water  from  sea  or  brackish  water.  Almost  any 
form  of  apparatus  will  suffice,  if  fuel  can  be  procured,  to  obtain  enough  wati 
to  support  life ;  and  if  even  the  simplest  appliances  are  not  attainable,  the 
mere  suspension  of  clean  woollen  clothing  over  boiling  water  will  enable  a 
large  quantity  to  be  collected.  At  sea,  salt  water  is  sometimes  mixed  with  it 
from  the  priming  of  the  boilers,  and  occasionally  from  decomposition  of 
magnesium  chloride  (probably),  a  little  free  hydrochloric  acid  passes  off. 
This  can,  if  necessary,  be  neutralised  by  sodium  carbonate. 

As  distilled  water  is  nearly  free  from  air,  and  is  therefore  unpalatable  to 
some  persons,  and  is  supposed  indigestible,  f  it  may  be  aerated  by  allowing  it 
to  run  through  a  cask,  the  bottom  of  which  is  pierced  with  fine  holes,  so  as  to 
expose  the  water  to  the  air.  Plans  for  aerating  the  water  distilled  from  sea 
water  have  been  proposed  by  Normandy  and  others,  and  are  used  in  many 
steamers.  Organic  matter,  at  first  offensive  to  taste  and  smell  in  distilled 
water,  can  be  got  rid  of  by  passing  through  a  charcoal  filter,  or  by  keeping 
three  or  four  daya 

Care  should  be  taken  that  no  lead  finds  its  way  into  the  distnied  water. 


*  Fresenius,  QuantttatiTe  Analysis^  3rd  edit.  p.  481. 
t  By  some  even  dangerous  (G^rardin). 
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Many  cases  of  lead  poisoning  have  occurred  on  board  ships,  partly  from  the 
use  of  minium  in  the  apparatus,  and  partly  from  the  use  of  zinc  pipes  contain- 
ing  lead  in  their  composition. 

Comparalive  Value  of  Spring,  River ^  and  Well  Water  as  Sources  of  Supply. 

This  depends  on  many  circumstances.  Spring  water  is  both  pure  and 
impure  in  different  cases ;  and  the  mere  fact  of  its  being  a  spring  is  not,  as 
sometimes  imagined,  a  test  of  goodneas.  Frequently,  indeed,  river  water  is 
purer  than  spring  water,  especially  from  the  deposit  of  calcium  carbonate ; 
oiganic  matter  is,  however,  generally  in  greater  quantity,  as  so  much  more 
vegetable  matter  and  animal  excreta  find  their  way  into  it  The  water  of  a 
river  may  have  a  very  different  constitution  from  that  of  the  springs  near  its 
banlcs.  A  good  exampile  is  given  by  the  Ouse,  at  York ;  the  water  of  this 
river  is  derived  chiefly  from  the  millstone  grit  which  feeds  the  Swale,  the  Ure, 
and  the  Nid,  tributaries  of  the  Ouse ;  the  water  contains  only  9  grains  per 
gallon  of  salts  of  calcium,  magnesium,  sodium,  and  a  little  iron.  The  wells 
in  the  neighbourhood  pass  down  into  the  soft  red  sandstone  (Toredale  series) 
which  lies  below  the  millstone  grit;  the  water  contains  as  much  as  64*96 
grains,  and  even,  in  one  case,  96  grains  per  gallon ;  in  addition  to  the  usual 
salts,  there  is  much  calcium  chloride  and  calcium,  sodium,  and  magnesium 
nitrates.  Shallow  well  water  is  always  to  be  viewed  with  suspicion ;  it  is  the 
natural  point  to  which  the  drainage  of  a  good  deal  of  surrounding  land  tends, 
and  heavy  rains  will  often  wash  many  substances  into  it*  The  following  table 
is  given  by  the  Eivers  Pollution  Commissioners  (Sixth  Beport,  p.  129) : — 

(  1.  Spring-water,   .         .  )  i  j.  vi 

WLoleeome  \  %  D^p  weU-water,       .  J  ^^"7  I«l»toble. 

I  3.  Upland  surface  water  )       j     i.  i        i  i.  vi 

S     J.         \  4.  Stored  rain-water,     .  |  ^^oderately  palatabla 

^             (5.  Surface  water  from  cultivated  land,  .         .  \ 
•TV                 i  ^'  -^^^^  water,  to  which  sewage  gains  access,  >  palatable. 
■^^^  \  7.  Shallow  well  water, j 

8ub-Sbction  IL — Charaotbrs  and  Classipioation  op  DRiNKura  Waters, 

The  general  characters  of  good  water  are  easily  enumerated.  Perfect  clear- 
ness \  freedom  from  odour  or  taste ;  coolness ;  good  aeration ;  and  a  certain 
d^;ree  of  softness,  so  that  cooking  operations,  and  especially  of  vegetables, 
can  be  properly  performed,  are  obvious  properties.  But  when  we  attempt  a 
more  complete  description,  and  assign  the  amounts  of  the  dissolved  matters 
which  it  is  desirable  should  not  be  exceeded,  we  find  considerable  difference 
of  opinion,  and  also  a  real  want  of  evidence  on  which  to  base  a  satisfactory 
judgment  At  the  Sanitary  Congress  held  at  Brussels  in  1853,  it  was  decided 
that  the  total  solids  ought  not  to  exceed  0*5  grammes  per  litre  (  «  35  grains  per 
gallon),  and  the  same  amount  had  been  previously  laid  down  in  the  "  Annuaire 
dee  £aux  de  la  France  pour  1851 "  (p.  14) ;  but  this  statement  S&  really  of  little 
use,  since  this  quantity  of  some  salts  would  be  hurtful,  of  others  harmless. 

Still,  an  hygienic  classification  or  enumeration  of  potable  waters,  based  on 
such  facts  as  are  generally  admitted,  will  be  useful  I  have  divided  all  kinds 
of  waters  used  for  drinking  into  four  classes : — 

1.  Pure  and  wholesome  water. 

2.  Usable  „ 

3.  Suspicious 

4.  Impure 

*  Dr  Cameron  (Dublin  Joninal  of  Medical  Science)  cites  a  case  where  good  and  bad  water 
were  obtained  ftom  different  leyela  Ia  the  same  well. 
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And  the  following  description  will  define  these  terms  :- 


HTOIBNIO  CLASSIFICATION  OF  DRINKING  WATEBS. 


Character  or 
Conaiitaent. 


Cleametf,  lua- 
trCf  and  aJSra- 
tion,     .    .    . 


Suspended  mat- 

vwF|      a       «       •       • 

Colour,    .    .    . 

1  lABCvi  «     •      •      • 

Smell, 


1.  Pure  and 

Wholesome 

Water. 


•    •    • 


Solids  (dlsw>ly- 
ed) :  ToUl,    . 

Solids,  TolatUe 
(capable  of 
being  dissi- 
pated by  red 
beat),    .    .    . 


Chlorine,    .    . 


Nitrites, 
Nitrates, 


Oxygen  required 
for  oxidisable 
organic  mat- 
ter,detennlned 
by  permanga- 
nate in  pre- 
sence of  acid. 

Ammonia:  free 
or  saline,  .    . 

Ammonia:  allm- 
minoid  or  or- 
ganic,   .    .    . 

Hardness,  fixed, 

Metallic  eon- 
tamination,  . 

Hydrogen  or 
alkaline  sul- 
phides, .    .    . 

Mici-oscoplc  cha- 
racters,    •    . 


Transparent, 
sparkling,  and 
well  aSrated. 


None  detectable 
by  the  eye. 


Colourless. 


Palatable. 
None. 

Under  8  grs.  per 
gal.  (=114 
parts  permit). 

Under  1  gr.  per 
gaL  (=14  piuts 
per  mil.)- 

Solids  on  incine- 
ration should 
scarcely  blac- 
ken. 

Under  1  gr.  per 
gaL  (=14  parts 
per  mil.). 


Absent. 

Absent  or  yery 
faint  trace. 

Under  0-07  gra. 
per  gjil.  (=1 
part  per  mil.). 


Under  0  0014  gn. 
per  gal.  (=0-02 
parts  per  mil.). 

Under  0-0056  grs. 
per  gal.  (=0-08 
parts  per  mil.). 

3"  Clark's  scale. 

None. 
Absent. 


Mineral  mat- 
ter: vegetable 
forms  with 
endochrome; 
large  animal 
forms;  no  or- 
ganic debris. 


3.  Usable 
Water. 


Transparent, 
sparkling,  and 
well  aSiated. 


Absent  or  easily 
separable  by 
coarse  filtra- 
tion or  sub- 
sidence. 

Colourless  or 
slightly  green- 
ish. 

Palatable. 

None. 

Under    80   grs. 

per  gaL  (=438 

parts  per  mil.). 
Under  8  gra  per 

gal  (=43  parts 

per  mil.). 
Solids  may  blac- 
ken a  little,  but 
no  fhmes  should 

be  given  off. 

Under  8  gra  per 
gal.  (=48  parts 
permiL). 


Absent 
Present. 


Under  0*105  grs. 
per  gaL  (=15 
parts  per  mil.X 


Under  0-0038  grs. 
per  caL  (=005 
parts  per  mil.). 

Under  0^70  grs. 
per  gaL  (=0-10 
parts  per  mil.). 

Under  4*  Clark's 
scale. 

Trace  of  iron. 


8.  Suspidons 
Water. 


Absent. 


Same  as  No.  1. 


Turbid. 


Considerable. 


Yellowish. 


Any       marked 

tiiitte. 
None. 

Above  80  grs. 
per  gal.  (=428 
parts  per  mil.). 

8  to  5  gn.  per 
gal.  (=48  to  71 
pai-tspermil.). 

Much  blacken- 
ing on  inci- 
neration or 
nitrous  fumes 
given  off. 

Above  8  gn.  per 
gaL  (=48  parts 
permiL). 


Present. 
Marked. 


Above  0'105  gra. 
per  gaL  (=1-6 
parts  per  mil.). 


Above  0*0C85  grs. 
per  gal.  (=0*05 
parts  per  mil.). 

Above  0O070  gra 
per  gaL  (=0-10 
parts  permiL). 

Above  4*  (}lark's 
scale. 

Trace  of  iron. 

Absent. 


Vegetable  and 
animal  forms 
more  or  less 
pale  and  co- 
lourless :  orga- 
nic debris; 
fibres  of  cloth- 
ing, or  other 
evidence  of 
house  refuse. 


4.  Impure 
Water. 


Turbid  and  not 
easily  purified 
by  coarse  fil- 
tration. 


L4u:ge. 


Distinctly  yel- 
low or  any 
marked  colour. 

Any  marked 
taste. 

Any  marked 
odour. 

Above  50  grs. 
per  gal.  (=714 
parts  permiL). 

Above  6  gra.  per 
gal.  (=71  parts 
per  mil.). 

Much  blacken- 
ing and  nitrous 
fumes  given 
off,  or  smell  of 
burnt  horn. 

Above  6  grs.  per 
gaL  (=86  paits 
permlL). 


Remarka 


Marked. 
Large. 


Above  0*14  gn. 
per  gaL  (=2-0 
parts  permiL). 


Above  0-0070  gra. 
per  gaL  (=0-10 
parts  per  mil.). 

Above  0^105  gn. 
per  gal  (=0-15 
parts  permiL). 

Above  6*  Clark's 
scale. 

Any  metal  ex- 
cept iron. 

Present 


Bacteria  of  any 
kind :  Fungi ; 
numerous  vege- 
table and  ani- 
mal forms  of 
low  types;  £pl- 
thella  or  other 
animal  struc- 
tures; evidences 
of  sewage;  ova 
of  parasites,  Ac 


Turbidity,  due  to  veiy 
fine  mineral  matter,  is ' 
sometimes  associated 
with  pure  watera:  thus, 
minutely  divided  cal- 
cium sulphate  will  not 
subside  in  distilled 
water. 


Where  the  Impurity  ii 
mostly  vegetable,  the 
colour  may  be  very 
marked  in  good,  or  at 
least  usable  water. 


In  chalk  watera  of  the 
1st  class  the  solids  msy 
reach  14  grains  per 
gallon  (=300  parts  per 
miUionX  the  greater 
part  being  calcium  car- 
bonate. 

In  peat  watera  the  in- 
cinerated solids  may 
blacken  considerably. 

Water,  slightly  contami- 
nated with  sea-water, 
may  have  a  higher 
amount  of  chlorine  and 
still  be  usable. 

These  are  generally  indi- 
cations of  previous  ani- 
mal contamination,  but 
they  may  occasionally 
come  from  vegetable 
matter. 

The  amount  may  be 
greater  in  good  peat 
waters. 


Frankland's  standard  for 
good  water  is:  8  to  S 
parts  per  million  of  or- 
ganic carbon ;  0*3  parts 
per  million  of  organic 
nitrogen.  He  also 
gauges  It  by  the  "pre- 
vious sewage  contam- 
ination,*' as  measured 
by  the  nitrogen  exist- 
ing as  nitrates — about 
1  part  per  million  belnir 
the  limit  of  inorganic 
nitrogen  In'Teaaonably 
safe  "  waters. 

N.B. — Frankland*8  num- 
ben  are  stated  per 
100,000,  instead  of  per 
million.  (See  "Rivera' 
Pollution  Commis- 
donen'  Sixth  Report/' 
page  13  and  seg.). 


Jir.£.— "  Parts  per  mil."  mean  "  Farts  per  million,"  eqaal  to  **  milUgiammea  per  lltr«." 
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'  It  musty  of  coarse,  be  understood  that  it  is  not  necessary  that  all  the  above 
cbanu)tei8  should  be  present  in  one  water  to  place  it  in  a  particular  class ;  nor 
vould  it  be  right  to  condemn  a  water  for  one  character  alone.  Thus,  although 
any  marked  deviation  from  the  above  conditions  might  be  sufficient  to  remove  a 
irater  from  class  1,  it  would  scarcely  be  fair  to  degrade  a  water  further  on 
acoount  of  its  mineral  characters  only.  On  the  other  hand,  a  marked  excess 
of  albuminoid  ammonia  and  of  oxygen  required  for  organic  matter  would  be 
fail  cause  for  condemning  a  water,  even  if  its  other  characters  were  good.  As 
it  is  impossible  to  lay  down  rigid  rules,  something  must  ^be  left  to  the  discre* 
tion  and  judgment  of  the  observer. 

The  waters  belonging'  to  the  first  and  second  class  may  be  used ;  those  of 
the  third,  or  suspicious  class,  should  be  well  filtered  before  distribution,  and, 
if  possible,  should  be  again  filtered  in  the  house.  A  purer  source  should  also 
be  obtained  if  possible,  and  sources  of  sewage  contamination  ascertained  and 
prevented. 

The  waters  of  the  fourth  class  should  be  entirely  disused,  or  only  be  used 
irben  a  better  source  is  not  procurable,  and  means  of  purification  (see  page 
28)  should  then  be  systematically  resorted  to, 

Sub-Section  IIL — Origin  op  the  Impurities  in  Drinking  Water. 

The  origin  of  the  impurities  in  water  may  be  conveniently  referred  to  four 
beads,  viz.,  1.  Substances  derived  from  the  source;  2.  Substances  added 
daring  the  flow  of  the  water  in  rivers,  canals,  aqueducts,  or  other  conduits ; 
3.  Impurities  caused  by  storage  in  reservoirs  or  tanks ;  and,  4.  Substances 
added  during  distribution  from  reservoirs  either  in  pipes  or  water  barrels,  or 
in  bouse  cisterns. 

1.  Impurities  of  Source. 

The  geological  formation  of  a  district  necessarily  influences  the  composition 
of  the  water  running  through  it,  though  it  is  impossible  to  tell  with  absolute 
certainty  what  the  constituents  of  the  water  may  be.  Formations  vary  greatly, 
and  the  broad  features  laid  down  by  geologists  do  not  always  suflice  for  our 
purpose.  In  the  middle  of  a  sandy  district,  yielding  usually  a  soft  water,  a 
hard  selenitic  water  may  be  found ;  and  instead  of  the  pure  calcium  carbonate 
water,  a  chalk  well  may  yield  a  water  hard  from  calcium  sulphate  and  iron. 
Still  it  may  be  useful  to  give  a  short  summary  of  the  best  knqwn  facts. 

1.  The  Granitic,  Metamorphic,  Trap  Rocky  and  Clay  Slate  Waters. — 
Generally  the  granitic  water  is  very  pure,  often  not  containing  more  than  two 
to  fflx  grains  per  gallon  of  solids,  viz.,  sodium  carbonate  and  chloride,  and  a 
little  lime  and  magnesia.  The  organic  matter  is  in  very  small  amount.  The 
clay-fllate  water  is  generally  very  pure,  often  not  containing  more  than  from 
three  to  four  grains  per  gallon.  The  water  from  hard  trap-rocks  is  pure,  but 
if  tbe  trap  be  disintegrated  the  shallow  wells  sunk  in  it  are  of  course  liable  to 
he  fouled  by  sinrf ace  washings  or  soakage. 

2.  The  Water  frow,  Millstone  Grit  and  Hard  Oolite. — ^Like  the  granitic 
^ter  this  is  very  pure,  often  not  containing  more  than  four  to  eight  grains 
per  gaUon  of  mineral  matters,  which  consist  of  a  little  calcium  and  magnesium 
solpbate  and  carbonate ;  a  trace  of  iroiL 

3.  Soft  Sand-Bock  Waters. — ^These  are  of  variable  composition,  but  as  a 
nile  are  impure,  containing  much  sodium  chloride,  sodium  carbonate,  sodiimi 
sulphate,  iron,  and  a  little  lime  and  magnesia,  amounting  altogether  to  from 
thirty  to  eighty  grains  per  gallon.  The  organic  matter  may  be  in  large 
amount, — ^four  to  eight  grains  per  gallon,  or  even  more.      Sometimes  these 
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waters  are  pnie  and  soft,  or  weUs  or  springs,  within  a  short  distance,  may 
vary  considerably  in  composition. 

4.  The  Loose  Sand  and  Gravel  Waters. — In  this  case  there  is  also  a  great 
variety  of  composition.  Sometimes  the  water  is  very  pure,  as  in  the  case  of 
the  Famham  waters,  and  in  some  of  the  waters  from  the  greensand,  where  the 
total  solids  are  not  more  than  from  four  to  eight  grains  per  gallon,  and  consist 
of  a  little  calcium  carbonate,  sulphate,  and  silicate ;  magnesium  carbonate ; 
sodium  and  potassium  chloride ;  sodium  and  potassium  sulphate ;  iron,  and 
organic  matter.  The  last  is  sometimes  in  some  amount,  viz.,  '8  to  1*8  grains 
per  gallon.  In  tolerably  pure  gravels,  not  near  towns,  the  water  is  often 
very  free  from  impurity.  In  the  case  of  many  sands,  however,  which  are  rich 
in  salts,  the  water  is  impure,  the  solid  contents  amounting  sometimes  to  fifty 
or  seventy  grains  per  gallon,  or  more,  and  consisting  of  sodium  chloride^ 
sodium  carbonate,  sodium  sulphate,  with  calcium  and  magnesium  salts.* 
These  waters  are  often  alkaline,  and  contain  a  good  deal  of  organic  matteT. 
The  water  from  the  sands  in  the  "Landes"  (Southern  France)  contains 
enough  organic  matter  to  give  ague. 

5.  Waters  from  the  Iaos  Clays  vary  in  composition,  but  are  often  impure ; 
even  217  grains  per  gallon  of  mineral  matters  have  been  found.  Ko  less  a 
quantity  than  88  grains  of  calcium  sulphate,  and  41  *8  of  magnesium  sulphate, 
existed  in  a  water  examined  by  Voelcker.f 

6.  The  Chalk  Waters. — The  pure,  typical,  calcium  carbonate  water  from 
the  chalk  is  very  sparkling  and  clear,  highly  charged  with  carbonic  acid,  and 
contains  from  7  to  20  grains  per  gallon  of  calcium  carbonate,  a  Httle  magnesium, 
carbonate  and  sodium  chloride — small  and  immaterial  quantities  of  iron, 
silica,  potassa,  nitric,  and  phosphoric  acids.  Sulphuric  acid  in  combination  is 
sometimes  present  in  variable  amount;  organic  matter  is  usually  in  small 
amount.  This  is  a  good,  wholesome,  and  pleasant  water.  It  is  hard,  but 
softens  greatly  by  boiling.  | 

7.  The  Limestone  and  Magnesian  Limestone  Waters, — ^These  are  also  -clear, 
sparkling  waters  of  agreeable  taste.  They  differ  from  the  chalk  in  containing 
usually  more  calcium  sulphate  (4  to  12  grains,  or  even  more)  and  less 
carbonate,  and,  in  the  case  of  the  dolomitic  districts,  much  magnesium 
sulphate  and  carbonate.  Organic  matter  is  usually  in  small  amount  They 
are  not  so  wholesome  as  the  chalk  waters.  They  are  hard,  and  soften  less 
on  boiling. 

8.  The  Selenitic  Waters. — ^Water  charged  with  calciimi  sulphate  (6  to  20 
grains,  or  even  more)  may  occur  in  a  variety  of  cases,  but  it  may  sometimes 
come  from  selenitic  rocks.  It  is  an  unwholesome  water,  and  in  many  persons 
produces  dyspepsia  and  constipation,  alternating  with  diarrhoea.  It  is  hard, 
softens  little  on  boiling,  and  is  not  good  for  cooking  or  washing. 

9.  Clay  Waters. — ^Very  few  springs  exist  in  the  stiff  clay ;  the  water  is 
chiefly  surface,  and  falls  soon  into  rivers ;  it  varies  greatly  in  composition, 
and  it  often  contains  much  suspended  matter,  but  few  dissolved  constituents, 
chiefly  calcium  and  sodium  salts. 

10.  Alluvial  Waters. — (Alluvium  is  usually  a  mixture  of  sand  and  clay.) 

*  In  a  shallow  well  (20  feet  deep)  in  the  gravel,  near  Netley Abbey,  the  water  yielded  total 
solids  148*75,  of  which  were  chlorides  86*80,  grains  per  gallon  ;  after  deepening  it  to  9M)  feet,  and 
Tiassing  through  a  stratum  of  stiff  blue  clay,  it  gave  only  16*8  total  solidjs.  and  6*5  of  dilorides. 
[F.  de  C] 

t  In  a  well  firom  Weedon  Barracks,  109  feet  deep,  sunk  in  }>lue  lias,  I  found  91  grs.  per 
gallon  of  solids,  but  very  little  oivanic  matter.    (F.  de  C.) 

t  Sometimes  the  water  drawn  rrom  the  upper  part  of  the  chalk  is  really  derived  from  ter- 
tiary sand  lying  above  the  chalk.  The  water  contains  less  calcium  carbonate,  and  more 
Bddium  carbonate  and  chloride,  and  may  be  alkaline. 
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Generally  impure,  with  calcimn  caxlx)iiate  and  sulphate,  magnesinm  sulphate, 
aodium  chloride  and  carbonate,  iron,  silica,  and  often  much  oiganic  matter. 
OceasionaUy  the  oiganic  matter  oxidises  rapidly  into  nittites,  and  if  the 
amount  of  sodium  chloride  is  large,  it  might  be  supposed  that  the  water  had 
been  contaminated  with  sewage.  The  amount  of  solids  per  gallon  varies  from 
20  to  120  grains,  or  even  more. 

11.  Surface  and  SubsoU  Water. — ^Very  variable  in  composition,  but  often 
reiy  impure,  and  always  to  be  regarded  with  suspicion.  Heaths  and  moors, 
on  primitive  rocks,  or  hard  millstone  grit,  may  supply  a  pure  water,  which 
may,  however,  be  sometimes  slightly  coloured  with  vegetable  matter. 
Cultivated  lands,  with  rich  manured  soils,  give  a  water  containing  often  both 
oiganic  matter  and  salts  in  large  quantity.  Some  soils  contain  potassium, 
sodium,  and  magnesium  nitrates,  and  give  up  these  salts  in  large  quantity  to 
▼ater.  This  is  the  case  in  several  parts  of  India,  at  Aden,''and  at  Kassick  in 
the  Deccan  (Haines).  In  towns  and  among  the  habitations  of  men,  the  sur- 
face water  and  the  shallow  well  water  often  contain  large  quantities  of  calcium 
and  aodium  nitrites,  nitrates,  sulphates,  phosphates,  and  chloride^  The 
nitrates  in  this  case  probably  arise  from  ammonia,  ammonium  nitrite  being 
fint  formed,  which  dissolves  large  quantities  of  lime.  Organic  matter  exists 
often  in  large  amount,  and  slowly  oxidises,  forming  nitric  acid  and  ammonia.* 
In  some  cases  butyric  acid,  which  often  unites  with  lime,  is  also  formed. 

12.  Marsh,  Water, — ^This  always  contains  a  large  amount  of  vegetable 
organic  matter;  it  is  not  unusual  to  find  from  12  to  40  grains,  and  in  some 
eases  even  more.  Suspended  organic  matter  is  also  conmion.  The  salts  are 
Tariabl&  A  little  calcium  and  sodium,  in  combination  with  carbonic  and 
sulphuric  acids  and  chlorine  are  the  most  usuaL  Of  course,  if  the  marsh  is 
a  salt  one,  the  mineral  constituents  of  sea-water  are  present  in  varying  pro- 
portions. 

13.  Water  from  Graveyards, — Ammonium  and  calcium  nitrites  and 
nitrates,  and  sometimes  fatty  acids,  and  much  organic  matter.  Lef ort  found 
a  veil  of  water  at  St  Didier,  more  than  330  feet  from  a  cemetery,  to  be 
largely  contaminated  with  ammoniacal  salts  and  an  organic  matter  which  was 
left  on  evaporation.  The  water  was  clear  at  first,  but  had  a  vapid  taste,  and 
speedily  became  putrid. 

14  Artegicm  Well  Water, — ^The  composition  varies  greatly.  In  some  cases 
the  water  la  so  highly  charged  with  saline  matter  as  to  be  undrinkable ;  the 
▼ater  of  the  Artesian  well  at  GreneUe  contains  enough  sodium  and  potassium 
earbonates  to  make  it  alkaline ;  in  some  cases  the  water  contains  iron  in  some 
amount ;  in  other  cases,  especially  when  drawn  from  the  lower  part  of  the 
chalk,  or  the  greensand  below  it,  it  is  tolerably  pure.  Its  temperature  is 
usually  high  in  proportion  to  the  depth  of  the  welL     The  aeration  of  the 


•gainst  the  employment  of  water  from  very  deep 

wells. 

*  C.  Schmidt  (quoted  by  Roth  and  Lex)  has  given  the  foUowing  comparative 

analysis  of  the 

liter  of  DoTpat:— 

The  nonnal  water 

The  water  of  the 

gives 

town  wellB  gi?es 

per  litre. 

per  litre. 

Total  Salts.      . 

'44820 

1*16602 

NO5,        .       .       . 

•00659 

•19202 

NH5,        .        .       . 

•00046 

•00188 

Nad, 

•00508 

•07666 

KaO, 

•00536 

•078^26 

CI,    .        .        . 

•00642 

•11217 

P0„         .        .        . 

•00061 

•00563 

In  Dnaden  the  same  results  have  been 

1 

found. 

26:  WATER, 

15.  Water  from  Wells  near  the  Sea,* — ^This  often  contains  so  much  salind 
matter  as  to  taste  quite  brackish,  although  the  organic  nmtter  may  not  he 
very  large.  In  some  samples  from  Shoeburyness  (analysed  at  Netley)  the 
total  solids  ranged  from  104  to  218  grains  per  gallon  of  total  solids,  the 
chlorides  being  from  22  to  65  :  mean  of  six  samples — 165  total  solids,  and  35 
of  chlorides.  In  one  sample,  however,  the  albuminoid  ammonia  was  only 
0*07  per  million,  and  in  five  the  oxygen  required  for  organic  matter  was 
under  0*76  per  million. 

16.  Rain  Water  may  be  contaminated  by  washing  the  air  it  falls  through, 
but  more  by  the  surface  on  which  it  falls,  such  as  decaying  leaves  or  other 
matter  on  the  roofs  of  houses ;  it  also  takes  lead  from  lead  coatings  and  pipes, 
and  zinc  from  zinc  roofs. 

2.  Impurities  of  Transit  from  Source  to  Reservoirs. 

Open  conduits  are  liable  to  be  contaminated  by  surface  washings  carrying 
in  finely  divided  clay,  sand,  chalk,  and  animal  matters  from  cultivated  land ; 
and  the  leaves  and  branches  of  trees  add  their  contingent  of  vegetable  matters. 
These  impurities  may  occur  in  most  cases,  but  in  addition  the  refuse  of 
houses,  trades,  and  factories  is  often  poured  into  rivers,  and  all  sorts  of 
matters  are  thus  added. 

These  impurities  are  broadly  divided  by  the  Kivers  Pollution  Commis- 
sioners into  '^  sewage  "  and  '^  manufacturing ; "  under  the  former  term  all  solid 
and  liquid  excreta,  house  and  waste  water,  and  in  fact  all  impurities  coming 
from  dwellings  are  included ;  under  the  latter  term  are  placed  all  manufactur- 
ing refuse,  such  as  from  dye  and  bleach  works,  tanneries,  paper-making, 
woollen,  silk,  and  metal  works,  &c.t 

The  very  numerous  animal  and  vegetable  substances  derived  from  habita- 
tions are  usually  classed  under  the  vague,  but  convenient  term  of  "  organic 
matter,"  as  the  separation  of  the  individual  substances  is  impossible.  The 
organic  matter  \b  usually  nitrogenous,  and  Frankland  has  proposed  to  express 
its  amount  in  terms  of  its  nitrogen  (organic  nitrogen),  but  this  view*  is  not  yet 
generally  received  on  account  of  the  difficulty  of  estimating  the  very  small 
quantity  of  nitrogen.  The  nitrogenous  organic  matter  undergoes  gradual 
transformation,  and  forms  nitrous  and  nitric  acids  and  ammonia.  The  exact 
steps  of  this  process  are  perhaps  complicated.  On  keeping  the  water  the 
nitrites  disappear,  and  in  some  cases  the  nitrates  also  gradually  diminish,  per- 
haps from  the  action  of  bacteria.  A.  MiiUerJ  found  the  residue  of  a  well 
water  gave  with  soda  hydrate  a  hening-like  odour,  which  seemed  like  trimethy- 
lamine. 

Many  of  the  *'  organic  matters  "  in  water  are  not  actually  dissolved,  but  are 
so  finely  suspended  that  they  pass  through  filtering  paper.  There  is  no  doubt 
that  among  this  **  suspended  oiganic  matter  "  many  small  plants  and  animals 
are  always  included.  It  is  probably  owing  to  the  variation  in  the  quantity  of 
suspended  organic  matter  (living  and  dead)  that  water  from  the  same  source 
sometimes  gives  different  results  on  analysis,  even  though  the  water  be  taken 
at  the  same  time.  During  its  flow  in  open  conduits,  however,  a  species  of 
purification  goes,  on,  by  means  of  subsidence,  the  action  of  water-plants,  and 
to  some  moderate  extent  by  oxidation.  On  the  whole,  these  processes  appear 
in  India  to  render  river  water,  in  spite  of  all  the  contaminations  it  receives, 

*  For  a  f!cod  eixample  of  the  influence  of  a  tidal  riTer  on  neighbooring  wells,  see  my  "  Lectorea 
on  SUte  Xletlioine.'*  Table  x.  i».  91.    [P.  de  CJ 

t  For  a  full  account  of  all  th<i>9e  impurities,  and  the  best  mode  of  dealing  with  them,  the 
six  Reports  of  the  Ki^-ers  Pollution  i>>mmistsioners  must  be  referred  to. 

^  IWth  and  Lex,  MUitJir-GesuntUieitspfl.  p.  1& 
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purer  than  tank  and  well  water.*  The  freedom  from  noxious  substances  is 
abo  apparently  greater  in  India  in  the  quick  running  streams,  which  may  also 
depend  upon  pimfication  taking  place  in  theuLf 

3.  Impurities  of  Storage* 

The  chance  of  substances  getting  into  the  water  of  wells,  and  tanks,  |  and 
even  of  cisterns  in  houses  is  very  great.  Surface  washings  and  soakage  con- 
taminate wells  and  tanks,  and  leakages  from  pipes,  passage  of  foul  air  through 
pipes,  or  direct  absorption  of  air  by  an  uncovered  surface  of  water  introduce 
impiuities  into  cisterns.^  It  is  singular  in  how  many  ways  cisterns  and  tank 
waters  get  foul,  and  what  care  is  necessary  not  only  to  place  the  cistern  under 
safe  conditions  at  first,  but  to  examine  it  from  time  to  time  to  detect 
contamination  of  the  water.  In  India,  especially,  the  tank  water  is  often  con- 
taminated by  clothes  washed  near,  or  actually  in,  the  tank ;  by  the  passage 
even  of  excrement  directly  into  it,  as  well  as  by  surface  washings,  so  that  in 
fact  in  some  cases  the  village  tank  is  one  of  the  chief  causes  of  the  sickness 
of  the  people.  There  is,  perhaps,  no  point  on  which  the  attention  of  the 
sanitary  officer  should  be  more  constantly  fixed  than  that  of  the  storage  of 
water,  either  on  the  large  or  small  scale. 

In  shallow  wells  (4  to  30  feet  deep)  the  soakage  water  from  the  ground  in 
loose  soils  of  chalk  and  sand  is  often  very  impure.  Thus  in  a  town  the  well 
water  often  shows  evidence  of  nitrites  and  nitrates  and  ammonia,  and 
of  chlorine  far  in  excess  of  river  water  in  the  neighbourhood,  though  the  strata 
are  the  6ame.||  Occasionally,  by  constant  passage  of  the  water,  a  channel 
\&  formed,  which  may  suddenly  discharge  into  the  well ;  and  some  of  the  cases 
of  sudden  water  poisoning  have  thus  arisen. 

A  well  drains  an  extent  of  ground  about  it  in  the  shape  of  an  inverted  cone. 
The  area  must  depend  on  the  soil ;  in  very  loose  soils  a  well  of  60  to  80  feet 
may  perhaps  drain  an  area  of  200  feet  in  diameter  on  the  surface,  but  this 
must  be  considered  as  only  a  rude  estimate.  Professor  Ansted  states  that  the 
deepest  (non -Artesian)  well  will  not  drain  a  cone  which  is  more  than  half  a 
mile  in  radius. 

In  some  cases  a  well  at  lower  level  may  receive  the  drainage  of  surrounding 
hills  flowing  down  to  it  from  great  distances.  Good  coping  stones,  so  as  to 
protect  from  surf  ace  washings ;  good  masonry  for  several  feet  below  the  surface 
of  wells  in  very  loose  soils,  so  as  to  prevent  superficial  soakage,  are  necessary 
in  all  ehaUow  wells. 

4.  Impuritiea  of  Distribution. 

If  water  is  distributed  by  hand,  ie.,  by  water-carts,  barrels,  or  skins,  there 
IB  necessarily  a  great  chance  of  its  being  fouled.  In  India,  where  the  water 
is  generally  carried  by  water-carriers  (Bhisties),  inspection  of  the  carts  or  skins 

*  Palmer  shows  this  clearly  in  a  very  interesting  paper  in  the  "  Indian  Medical  Gazette  "  for 
Bceember  1870. 

t  Much  influence  has  been  ascribed  to  oxidation,  and  doubtless  in  part  correctly ;  but  Dr 
Fruldand  has  shown  its  effect  to  be  limited.  The  Irwell  river,  after  passing  Manchester,  runs 
11  miles  to  its  junction  with  tiie  Mersey  without  further  material  pollution,  and  falls  oyer  tf 
vein ;  yet  the  purification  by  oxidation  is  trifling.  By  syphoning  water  from  one  vessel  to 
another  so  as  to  represent  a  run  of  96  miles,  the  organic  carbon  was  only  reduced  6*4  per  cent, 
and  the  organic  nitrogen  28*4  per  cent. 

Z  In  two  examples  of  (so  called)  rain-water  collected  in  tanks  in  the  marsh  near  Tilbury  Fort 
for  the  use  of  the  troops,  the  solids  were  found  to  be  respectively  41  and  145  grains  per  gallon 
(Army  Medical  Reports,  voL  xvii.  p.  214). 

f  A  good  case  of  absorption  by  an  open  cistern  of  gases  from  water-closets  and  urinals  is 
Tcoonled  by  Dmitt  ("  Medical  Times  and  Gazette,"  September,  1869).  The  water  as  supplied 
nntsined  '08  parts  per  million  of  albuminoid  ammonia ;  after  absorption,  '17  partb. 

II  Roth  and  Lex,  Mil-Oesundsh.  p.  43. 
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should  be  systematically  made,  and  whenever  it  be  possible,  pipes  should  be 
substituted  for  the  rude  method  of  hand  conveyance.     But  even  pipes  may 
contaminate  water ;  metals  (lead  and  iron)  may  be  partly  dissolved ;  wood 
rots,  and  if  the  pipes  are  occasionally  empty  impure  air  may  be  drawn  into 
them,  and  be  afterwards  absorbed  by  the  water.*     I  have  been  informed  that 
in  towns  supplied  on  the  constant  system,  when  the  pipes  are  becoming  empty 
the  flow  of  water  from  a  tap  has  drawn  foul  water  or  air  through  a  pipe  at 
some  distance,  and  in  this  way  even  the  water  of  the  mains  has  been  bef oiiled. 
Coal  gas  passing  into  the  ground  from  leaking  of  gas  pipes  sometimes  flnds 
its  way  into  wells,  or  even  into  water  pipes,  though  examples  of  this  kind 
must  be  rare.     In  Berlin,  in   1864,   out  of  940  public  wells,   39   were 
contaminated  by  admixture  with  coal  gas.     A  good  instance  is  related  by  Mr 
Harvey,  t  where  the  main  pipes  were  often  empty  and  gas  penetrated  into 
them.     Having  regard  to  the  cases  in  which  gases  from  the  soil  (from  leaking 
gas  pipes,  sewers,  &c)  find  their  way  into  water  pipes,  it  would  seem  import- 
ant not  to  lay  down  water  pipes  near  any  other,  or,  what  is  better,  have  all 
pipes  in  sub-ways  where  they  can  be  inspected. 

SECTION  HI. 

PURIFICATION  OF  WATER. 
Withofd  FiUraHoTL 

1.  Exposure  to  Air  in  divided  Currents, — ^This  was  a  plan  proposed  by  Lind, 
for  the  water  of  the  African  west  coast,  more  than  100  years  ago,  and  fre- 
quently revived  since.  The  water  is  simply  poured  through  a  sieve,  or  a  tin 
or  wooden  plate,  pierced  with  many  small  holes,  so  as  to  cause  it  to  fall  in 
finely  divided  slreams,  or  a  hand-pump  is  inserted  in  a  cask  of  water,  and  the 
water  is  pumped  up,  and  made  to  fall  through  perforated  sheets  of  tin.  It 
soon  removes  hydrosulphuric  acid,  oflfensive  organic  vapours,  and,  it  is  said, 
dissolved  organic  matter.  The  same  plan  has  been  used  in  Russia  on  a  large 
scale,  the  water  being  allowed  to  fall  down  a  series  of  steps,  passing  through 
wire  gauze  as  it  does  so.  In  Paris,  also,  it  has  been  employed  on  the  small 
scale. 

2.  Boiling  and  Agitation, — ^This  plan  gets  rid  of  calcium  carbonate,  iron  in 
part,  and  hydrosulphuric  acid,  and  lessens,  it  is  said,  organic  matter.  It  is 
uncertain  how  far  boiling  will  destroy  the  poisons  of  the  specific  diseases.  It 
will  not  destroy  bacteria,  or  at  least  their  germs  still  live,  and  Lex  found  some 
bacteria  still  moving  rapidly,  at  a  temperature  of  127**  G.  %  Most  fungus 
spores  are  killed  by  boiling. 

3.  Aluminous  Salts. — Abim  has  been  used  for  centuries  in  India  and  China, 
to  purify  water  from  suspended  matters.  It  does  this  very  effectually,  if  there 
be  calcium  carbonate  in  the  water ;  calcium  sulphate  is  found,  and  this  and  a 
bulky  aluminium  hydrate  entangle  the  floating  particles  and  sink  to 
the  bottom.  Mr  Al£red  Bird  has  proposed  aluminium  tersulphate,  which  is 
equally  efficacious ;  it  is  an  acid  liquid^  containing  about  *4  grains  of  the  sul* 

*  Cases  of  this  sort  are  given  in  the  reports  of  the  medical  officer  of  the  Privy  Coundl  No. 
ii.  new  series.  See  Dr  BlozaU  on  fever  at  Sherborne,  Dorset,  and  Dr  Buchanan  on  the  fever  at 
Cains'  CoUeee,  Cambridge.    In  the  latter  case  foul  trap'WcUer  was  sacked  in  from  ti^e  closets. 

t  Food,  Water,  and  Air,  Febmary  1872,  p.  68. 

:*:  It  seems  improbable  that  any  germ  or  oiiganism  should  resist  the  temperatare  of  boiling 
-water,  if  every  part  of  it  be  thoroughly  heated  to  that  point  The  apparent  resistance  may 
perhaps  be  due  to  some  spheroidal  condition  the  organism  may  be  capable  of  assuming.  Sander- 
son puts  the  death-point  of  common  septic  Bacteria  at  about,  110°  C  or  230**  F.     (F.  de.  C.) 
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phate  in  each  mmim ;  and  M.  Bellamy*  has  also  proposed  a  modification  of 
the  alum  process,  by  adding  additional  potash  to  a  solution  of  alum  till  the 
precipitate  is  ledissolved  The  quantity  of  crystallised  alum  to  be  used  should 
he  about  6  grains  per  gallon ;  of  Mr  Bird's  fluid  (sulphate  of  alumina),  20 
diops. 

From  numerous  experiments  on  puriflcations  with  crystaUised  alum,  and 
with  Mr  Bird's  patent  liquid,  I  found  the  following  effect  to  be  produced, 
with  and  without  calcium  carbonate  in  the  water : — 

Effect  on  ArHfidal  Sewage  Water  of  different  composition^  the  Sewage 
Maiter  being  partly  dieaolved  partly  euspended. 

QniDB  of  oxjgvu 

required  to  oxidise 

at  140*  F.,  and  in 

Grains  of  the    presence     of 

TolatUe  matter  snlphaiic  add,  per 

per  gallon.  gaUon. 

1.  Distilled  water,  containing  volatile  sewage  \ 

matter  and  8  grains  of  calcium  carbonate  >  8*8  1*050 

per  gallon,         .  .  .  ) 

Same  as  aboTe,  after  precipitating  with  9  i  ^.ok 

grains  of  crystallised  alum  per  gallon  .  j  '^^^ 

Sune,  with  18  minims  of  Bird's  patent  )  .,„^  ^ 

liquid  (aluminium  sulphate),  .         .  j  ^^° 

2.  Distilled  water,  with  sewi^^e,  but  with  only  )  ^jj.  , . 

2*1  grains  calcium  carbonate  per  gallon,  J 
Same  as  Na  2,  with  18  minims  of  Bird's  )  ^o  o 

patent  fluid f         ^"^'^ 

Same  as  No.  2,  with  54  minims  of  Bird's  ) 

patent  fluid,      .  .  j 

3.  Distilled  water,  without  calcium  carbonate,  j 

the  sewage  matter  being  almost  entirely  J-  5*  *805 

dissolved  and  not  suspended,     .  .  j 

Same,  with  6  -8  grains  of  crystallised  alum, 

4.  Same  water  as  No.  3,  but  with  5  grains  of  ) 

calcium  carbonate,         .  .  .  j 

Same,  with  20  drops  of  Bird's  liquid, 
Same,  with  6*8  grains  of  crystaUiBed  alum 

It  is  dear  from  these  and  other  experiments,  not  only  that  calcium 
carbonate  ought  to  be  in  the  water,  but  that  the  action  of  both  alum  and  Bird's 
fluid  is  made  more  upon  the  suspended  organic  matters  than  upon  those 
actually  dissolved ;  and,  indeed,  having  regard  to  the  great  difficulty  of  insur- 
ing that  water  is  actually  free  from  minute  suspended  matters,  it  is  even  a 
qnestion  whether  aluminous  salts  will  act  in  any  appreciable  degree 
on  dissolved  organic  mattera  But  on  suspended  matters,  both  organic  and 
mineral,  the  effect  is  very  great  indeed.  Common  alum  and  Bird's  liquid 
seemed  to  me  practically  equal ;  but  alum,  being  solid,  is  more  convenient  for 
tiansportf 

If  a  sedimentous  water  is  extremely  soft,  a  little  calcium  chloride  and  sodium 
carbonate  should  be  put  in  before  the  alum  is  added. 

1  Addition  of  Lime  Water  (Clark's  patent). — By  combining  with  carbonic 

*  CornvtM  RenduB  de  TAcad.,  Nov.  11, 1867,  p.  799. 

+  llienead-qaaiterwiiie  of  the  92d  Highlanders^  going  up  the  Indus  in  1868,  suffered  from 
dianfacea  from  the  use  of  the  water ;  the  left  wing  u»ed  alum  and  had  no  diarrhoea.  The  right 
wing  then  used  it  and  the  diarrhoea  disappeared.— /lu^ian  Medical  Oem,,  Aug.  1869,  p.  158. 
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acid,  it  causes  almost  all  the  calcium  carbonate  previously  and  newly  formed 
to  be  thrown  down.  It  also  throws  down  suspended  and  perhaps  dissolved 
organic  matters,  and  also,  it  is  said,  iron.  It  does  not  touch  calcium  and 
magnesium  sulphate  and  chloride.^ 

5.  Sodium  Carbonate,  with  boUing,  throws  down  lime,  and  possibly  a  little 
lead,  if  present 

6.  Addition  of  Potassium  or  Sodium  PermangancUe  (CJondy's  red  fluid). — 
I  have  made  some  experiments  with  pure  Condy's  fluid  to  determine  the  value 
of  the  permanganate.  It  certainly  readily  removes  the  smell  of  sulphuretted 
hydrogen  and  the  peculiar  offensive  odour  of  impure  water  which  has  been 
kept  in  casks  or  tanks.  If  it  forms  a  precipitate  of  manganic  oxide,  it  also 
carries  down  suspended  matters ;  but  the  formation  of  this  precipitate  is  very 
uncertain.  The  action  on  the  dissolved  organic  matters  will  of  course  vary 
with  the  nature  of  the  substance ;  some  of  the  organic  matters,  both  animal 
and  vegetable,  will  be  oxidised ;  f  but  it  will  not  in  the  cold  act  even  upon 
the  whole  of  these  substances,  and  some  organic  matters  are  not  touched. 

One  objection  to  the  use  of  the  permanganate  is  that  it  often  communicates 
a  yellow  tint  to  the  water,  arising  from  suspended  finely  divided  peroxide  of 
manganese.  This  is  probably  of  no  moment  as  far  as  health  is  concerned, 
but  it  is  unpleasant  Sometimes  the  addition  of  a  little  alum  will  carry  down 
this  suspended  mater ;  boiling  may  be  used,  but  often  has  no  effect  Sometimes 
nothing  removes  it  but  charcoal  filtration. 

The  indications  for  the  use  of  permanganate  are  these.  In  the  case  of  any 
foul-smelling  or  suspected  water,  add  good  Condy's  fluid,  teasponful 
by  teaspoonfid,  to  3  or  4  gallons  of  the  water,  stirring  constantly.  "When  the 
least  permanent  pink  tint  is  perceptible,  stop  for  five  minutes ;  if  the  tint  is 
gone,  add  36  drops,  and  then,  if  necessary,  30  more,  and  then  allow  to  stand 
for  six  hours ;  then  add  for  each  gallon  6  grains  of  a  solution  of  crystallised 
alum,  and  if  the  water  is  very  soft,  a  little  calcium  chloride  and  sodium  car- 
bonate, and  allow  to  stand  for  twelve  or  eighteen  hours.  If  not  clear,  or  if 
discoloured,  filter  through  charcoal 

There  are  many  cases  in  which  this  plan  may  be  useful;  and  as  the 
permanganate  certainly  removes  smells  and  oxidises  in  the  cold  to  some  extent^ 
it  is  a  very  good  introduction  to  the  alum  process,  and  does  work  which  alum 
alone  will  not  do.  But  it  cannot  be  considered  a  complete  purifier  of  water 
from  all  organic  matters.  Its  oxidising  power  is,  however,  very  useful  in 
cleaning  filters,  as  will  be  presently  noted. 

7.  Perchloride  of  Irmi. — It  has  been  found  that  the  water  of  the  Maas  in 
Holland,  which  is  turbid  from  clay  and  finely  suspended  organic  matters,  and 
gives  rise  in  consequence  to  diarrhoea,  is  completely  purified  by  perchloride  of 
iron  in  the  proportion  of  about  2  J  grains  of  the  solid  perchloride  to  1  gallon 
of  water.  J 

Use  of  the  Stryehnos  potatorum, — In  India  the  fruit  of  the  Strychnos 
potatorum  is  used,  especially  by  the  better  class  of  Hindoos,  to  purify  water. 
It  is  beaten  into  a  paste,  and  rubbed  on  the  inside  of  the  water  jar  or  cask. 
Dr  Mouat  informs  me  that  it  is  chiefly  used  for  the  river  water  at  the  seasons 
when  it  is  laden  with  silt,  and  that  about  30  grains  are  used  for  100  gallons 
of  water,  which  act  in  twenty-four  hours.     Its  action  appears  to  be  on  sus- 

*  This  plan  lias  been  recently  tried  witb  great  success  on  a  large  scale,  as^  for  instance,  in  tha 
Colne  valley  water  works. 

t  I  have  not  been  able  to  satisfy  myself  that  I  could  detect  either  nitric  or  nitrous  acid  after 
the  treatment  of  dissolved  sewage  by  alkaline  premanganate.  According  to  Schnlce  oxalic 
acid  is  formed. 

X  Chemical  News,  May  1869,  p.  239. 
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pended  matters,  which  it  possibly  carries  down  by  giving  to  the  water  a  deli- 
cate albominoas  coagulmn,  so  that  it  purifies  water  on  the  same  principle  as 
beer  is  fined.*  Dr  O'Shaughnessy  thought  its  action  was  connected  with  its 
astringency.  I  have  made  some  experiments  on  its  action,  but  without  any 
satisfactory  result  I  did  not  even  find  it  cleared  the  water  thoroughly  from 
suspended  matters,  and  it  had  no  effect  on  the  amount  of  nitrous 
acid,  ammonia,  or  of  oxidisable  organic  matters,  as  far  as  these  could  be  judged 
of  by  potassium  permanganate.    Eenewed  experiments  are,  however,  necessary. 

8.  Immersion  of  Iron  Wire  and  Magnetic  Oxide  of  Iron  (Medlock). — This 
plan  is  said  to  decompose  organic  matter.  Charcoal  and  ferric  oxide  are  some- 
times mixed. 

9.  Immersion  or  boilin/jf  of  certain  Vegetables,  especially  those  containing 
tannin,  such  as  tea,t  kino,  the  Laurier  rose  {Nerium  Oleander,  which  is  also 
rubbed  on  the  inside  of  casks  in  Barbary),  bitter  almonds  (in  Egypt). 

10.  Immersion  of  small  pieces  of  Charcoal,  and  charring  the  inside 
of  Casks, — This  is  an  extremely  effectual  plan,  but  the  charcoal  soon  loses  its 
power,  and  requires  to  be  renewed.  EerthoUet  considered  that  the  charring 
of  the  casks  was  more  effectual  than  the  immersion;  the  charring  can 
be  renewed  from  time  to  time.  Lowitz  advises  that  a  little  sulphuric  acid  (10 
drops  to  1  lb.  of  charcoal)  shall  be  added.  A  mixture  of  some  of  these  sub- 
stances has  been  used,  as  lime  and  alum  (1  part  to  2),  or  carbon  and  alum  (4 
parts  to  !).{ 

To  put  these  facts  in  another  form : — 

Organic  maiter  is  got  rid  of  most  readily  by  exposure  to  air,  boiling,  agita- 
tion, charcoal,  alum,  potassium  permanganate,  astringents. 

Carbonate  of  Lime,  by  boiling  and  addition  of  caustic  lime. 

Sodium  chloride,  by  filtration  through  a  great  depth  of  charcoal  or  sand. 

Iron,  by  boiling  and  lime  water,  and  in  part  by  charcoal  Lead  and  copper 
are  also  removed  or  lessened  by  pure  charcoaL§ 

Calcium  and  magnesium  sulphate  and  chloride  cannot  be  got  rid  of,  but  are 
perhaps  lessened  a  littie  by  filtration  through  charcoal 

It  should  also  be  remembered  that  some  water  plants  have  a  purifying 
effect,  apparently  from  the  large  quantity  of  oxygen  they  give  out ;  and  this 
takes  place  sometimes  though  the  water  itself  is  green. 

With  Filtration, 

Sand  and  Gravel. — On  the  large  scale,  water  is  received  into  settiing  reser- 
voirs, where  the  most  bulky  substances  subside,  and  is  then  filtered  through 
gravel  and  sand,  either  by  descent  or  ascent,  or  both.|| 

•  Pereira,  Phannaceutical  Journal,  vol.  ix.  p.  478. 

f  In  the  north  of  China,  and  especially  during  winter,  the  water  of  the  Peiho  becomes  very 
hnpure,  andVontains  not  only  suspended  matters,  but  dissolved  animal  matter  in  large  quantity 
which  gives  the  water  a  disagreeable  offensive  smell.  The  Chinese  never  drink  it  except  as  tea 
which  u  cooled  with  a  Inmp  of  ice,  if  it  is  desired  to  drink  it  cold.  In  this  way  they  securo 
themselves  from  all  bad  effects  of  this  water  (Friedel,  Das  Klima  Ost-Asiens,  p.  60),  The 
Europeans  use  alum  and  charcoal ;  but  these  do  not  always  entirely  remove  the  taste.  The 
Tartars  also  use  their  "brick  tea''  to  purify  the  water  of  the  steppes,  which  would  otherwise 
be  undrinkable. 

X  Surgeon-Major  W.  Harvey  has  tried  with  good  effect  the  immersion  of  one  or  two  bags  of 
charcoal  in  a  stream,  so  that  the  water  should  pass  through  the  bags. 

§  Chevalier,  l^ite  des  Disinfect.,  p.  147.  In  the  Ashanti  campaign,  under  the  directions 
of  SuTgeon-MajorV.  Gouldsbury  C.M.G.,  the  water  was  purified  in  tne  following  way,  in  the  ab- 
sence of  proper  filters  : — Alum  was  added  to  precipitate  suspended  matter — the  water  was  passed 
through  a  rough  filter,  consisting  of  (1.)  sponge ;  (2.)  sand ;  (3.)  charcoal  in  pieces ;  it  was 
then  Doiled,  and  a  few  drops  of  solution  of  potassium  permanganate  added.  Water,  even 
taken  from  a  hole  in  a  marsh,  was  innocuous  after  this  tre-atment. 

B  A  good  account  of  the  engineering  plans  and  filtration  of  the  London  Water  Companies 
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The  London  water  companies  usually  employ  a  depth  of  3  to  5  feet ;  in  the 
latter  case,  the  upper  stratum  of  18  inches  or  2  feet  is  composed  of  sand,  the 
lower  3  feet  are  inade  up  of  gravel,  gradually  increasing  in  coarseness,  from 
pieces  the  size  of  a  small  pea  and  bean  to  that  of  a  middle-sized  potato.  A 
stratum  of  oyster  shells,  about  1^  inch  in  thickness,  has  been  used  by  some 
companies  instead  of  a  layer  of  gravel,  but  this  plan  is  not  general  If  the 
filter  is  3  feet  in  thickness,  the  upper  15  inches  are  sand,  and  the  lower  21 
inches  are  gravel 

The  pressure  of  water  in  these  filters  is  not  great ;  the  depth  of  the  water  is 
never  above  2  feet^  and  some  companies  have  only  1  foot ;  from  70  to  75 
gallons  is  the  usual  quantity  which  should  pass  through  in  24  hours  for  each 
square  foot ;  but  some  companies  filter  more  quickly,  viz.,  at  the  rate  of  a 
gallon  per  24  hours  for  each  square  inch,  or  144  gallons  per  square  foot. 

The  sand  should  not  be  too  fine ;  the  sharp  angular  particles  are  the  best 
The  action  seems  chiefiy,  perhaps  altogether,  mechanical;  the  suspended 
impurities,  both  mineral  and  organic,  rub  upon  and  adhere  to  the  angles  and 
plane  surfaces  of  the  sand,  which  are  gradually  encrusted,  and  after  a  certain 
time  the  sand  has  to  be  cleaned.  The  effect  on  suspended  matters,  both 
organic  and  mineral,  is  certainly  satisfactory.  On  dissolved  organic  matter  it 
is  less  so.*     Mr  Witt's  experiments  show  only  a  removal  of  about  5  per  cent 

I  have  made  some  experiments  on  a  sand  filter  of  1  square  foot  surface,  and 
made  in  imitation  of  a  London  water  company's  filter,  viz.,  15  inches  of  fine, 
well-washed  white  sand,  and  20^  inches  of  gravel,  gradually  increasing  in 
coarseness.  The  first  eight  gallons  were  thrown  away,  so  as  to  avoid  the  fallacy 
of  including  the  distilled  water  with  which  the  sand  had  been  washed. 

This  sand  filter  had  the  following  effect,  as  shown  by  the  table : — 

It  took  away  three-quarters  of  the  colour. 

It  lessened  the  total  solids  by        .         .         .         .7063  grains. 
„  „       mineral  solids  by    .         .         .         .     4*703      „ 

„  „       volatile  solids  by    .         .         .         ,2*36        „ 

„  „       total  amount  of  oxygen  required  for 

oxidation  by  nearly  half,  or  .       "1546    „ 

„  „       hardness  by 4°-61 

„  „       chlorine  by 0*6 

„  „       free  ammonia  ....       0042 

„  „       albuminoid  ammonia       .         .         .0126 

These  experiments  also  showed  that  the  effect  of  the  sand  in  arresting  lime 
salts  was  limited ;  it  stopped  organic  matter  after  it  had  ceased  to  arrest  lime. 
After  a  longer  time  it  became  useless,  and  required  washing. 

It  is  yet  uncertain  whether  the  action  of  sand  on  organic  matter  ia  at  all 
chemical,  t.e.,  whether  the  organic  matter  is  oxidised  in  its  transit ;  considering 
what  an  amount  of  air  is  contained  in  the  interstices  of  sand,  and  how  finely 
the  water  is  divided  in  its  transit,  some  amount  of  oxidation  is  probable,  but 
good  chemical  evidence  is  yet  wanted.  Mr  Shield's  experiments,  given  in  the 
note,  seem  to  me  opposed  to  the  probability  of  much  chemical  action.  On 
dissolved  mineral  matters  sand  exerts  at  first,  and  when  in  thick  layers,  a  good 


will  be  found  in  a  work  called  "  The  Water  Works  of  London,"  by  Messrs  Colbom  &  Shaw 
1867. 

*  In  a  sand  and  gravel  filter,  83  mches  in  thickness,  Mr.  Shield  (Proc.  Inst  of  Civil  En- 
gineers for  1867) ;  gives  the  following  numbers :— The  original  amount  of  oiganic  matter  beins 
'8906  grains  per  eallon,  the  amount  after  filtration  was  as  follows— after  23  houn  action 
1-012  ;  after  120  hours,  '648  ;  after  240  hours,  -917 ;  aftAr  376  hours,  -809.    So  that,  while  on 
the  whole  the  sand  removed  some  organic  matter,  the  amount  was  really  inconsideiable. 
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deal  of  action ;  much  sodium  chloride  can  be  removed ;  and  Professor  Clark 
has  stated  that  even  lead  can  be  got  rid  of  by  filtering  through  a  thick  stratum. 
Veiy  finely  divided  day  seems  to  pass  through  more  readily  than  any  other 
suspended  matters.* 

The  fine  white  sand  is  the  best ;  it  should  be  chosen  carefully,  and  well 
washed,  and,  if  possible,  heated  to  redness  before  use. 

Instead  of  sand  and  gravel,  trap  rock  has  been  used 

Sponge. — Sponge  has  a  considerable  effect  in  mechanically  arresting 
suspended  particles.  I  took  two  sponges,  weighing  255  and  155  grains,  and 
pressed  them  into  glass  funnels;  11  gallons  of  sedimentous  water  of  known 
composition  were  passed  through  each  sponge.  The  total  sediment  in  the  11 
gallons  weighed  273-7  grains ;  the  larger  sponge  removed  257  and  the  smaller 
252  grains.  On  dissolved  matters  sponge  has  little  effect,  as  shown  in  the 
next  table.  Three  sponges,  weighing  611,  409,  and  365  grains,  were  taken, 
and  an  artificial  sewage  water  was  poured  slowly  through. 


Qrains  per  Gallon. 

ToUl 
SoUdfl. 

Mineral 
Solidfl. 

Deitrnctible 
SoUds. 

Oxygen  required 
for  ozidHtlon. 

Unfiltered,       .... 
Filtered  through  largest  sponge, 
Filtered  through  middle-sized  ) 
sponge,         .         .         .        / 
Filtered  through  smallest  sponge, 

18-2 
17-5 

18-2 

17-5 

4-2 
5-6 

4-2 

5-6 

14 
11-9 

14 

11-9 

2-80 
2-66 

2-75 

2-80       ^ 

Animal  Charcoal, — Pure  animal  charcoal  (deprived  of  calcium  phosphate  and 
carbonate  by  washing  or  by  hydrochloric  acid)  is  now  considered  one  of  the  best 
filtering  materials.  The  particles  of  charcoal  should  be  well  pressed  together, 
and  the  passage  of  the  water  should  not  be  too  quick.  Contact  with  the  water 
for  about  four  minutes  appears  about  the  best  timaf  There  is  a  general 
agreement  that  there  is  a  large  removal  of  suspended  matters,  both  mineral  and 
organic ;  water  even  deeply  tinged  comes  through  a  good  charcoal  filter  very 
dear  and  bright  So  also  there  seems  no  doubt  that  some  dissolved  organic 
and  mineral  matters  are  also  removed  by  charcoal  in  the  first  instance.  All 
BTidence  agrees  in  respect  of  that  point  But  a  serious  difference  of  opinion 
exists  as  to  the  mode  and  permanence  of  action  of  animal  charcoal 

*Apecii]iar  difficnity,  never  experienced  in  England,  has  been  discovered  in  the  Altering, 
thioQgh  sand,  of  the  Hooghly  water  at  Calcutta ;  during  the  rainy  season  the  fine  mud  brought 
down  penetrates  very  deeply  into  the  filters,  and  rapidly  chokes  them  ;  in  the  dry  season  this 
does  sot  happen ;  the  suspended  matters  are  arrestea,  as  in  England,  near  the  upper  surface 
or  the  sand.  Mr  D.  Waldie  (Journal  of  the  Asiatic  Society  of  Ben^l  for  1873,  part  11,  p.  210. ) 
explains  .this  by  showing  that  in  the' rainy  season  the  water  contams  much  less  saline  matter 
tun  in  the  dry  season ;  it  is  this  s^ine  matter  which  seems  to  act  on  and  so  cause  coherence 
of  the  particles  of  mud,  so  that  they  become  larger  and  coarser,  and  are  more  easily  arrested. 
In  order  to  remedy  this,  Mr.  Waldie  proposes  the  addition  of  substances  to  the  water  during 
the  rains,  which  may  cause  this  coalescence ;  he  has  tried  a  great  number  of  experiments 
and  different  substances,  on  the  whole  crystallised  alum  and  perchloride  of  iron  are  the  htst ; 
55*4  lb  of  crystallised  alum,  or  19 '15  tb  of  perchloride  of  iron,  were  found  to  be  necessary  for 
the  clarification  of  one  million  gallons  of  muddy  Hooghly  water  during  the  rainy  season. 

tOn  this  point  there  is  some  difference  of  opinion,  as  will  be  seen  on  reference  to  the 
debates  on  Mr  Byrne's  paper  in  the  Proceedings  of  the  Institution  of  Civil  Engineers  for  1867. 
I>r  Letheby  advocates  a  slow  filtration,  while  Dr  Frankland  considers  that  a  rapid  flow  is 
raiBcient :  on  passing  41,000  gallons  in  one  day  through  coarse  charcoal,  3  feet  in  thickness, 
he  fonnd  half  the  organic  matter  removed.  With  a  head  of  2*2^  feet  of  water,  he  has  passed, 
in  24  hours,  as  much  as  90,734  gallons  per  square  foot  through  34  inches  of  charcoal :  but  In 
this  case  the  purifying  effect  is  not  stated.  Dr  Frankland  has  therefore  recommended  that 
the  water  supply  of  a  town  shall  be  filtered  through  animal  charcoal.  Tlie  cost,  however, 
voold  be  large,  though  tiiere  is  no  doubt  the  water  can  be  got  through  at  a  sufficient  rate, 
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ThuB,  Mr  Byrne*  lias  shown  that  with  a  filter  of  charcoal  wdghing  4f  lbs., 
through  which  12  gaUons  of  water  (containing  10*8  grains  of  organic  matter 
per  gallon)  were  passed  in  24  hours,  the  purifying  effect  was  equal  to  a  removal 
of  55^  per  cent  of  the  organic  matters  from  the  first  gallon,  but  this  gradually 
declined  until  at  the  fourth  gallon  only  1  *33  per  cent  was  remoyed,  and  at 
the  eighth  gallon  the  action  was  reversed,  and  oi^nic  matter  was  given  back 
to  the  water.  Exception  has  been  taken  in  two  ways  to  this  experiment — 
firsts  as  regards  the  chemical  proof  of  the  organic  matter,  and  secondly,  as  to 
the  inference  drawn  from  the  experiment  As  regards  the  first  pointy 
it  appears  to  me  difficult  to  set  aside  Mr  Byrne's  facts,  and  I  think  they  must 
be  accepted ;  as  regards  the  second  pointy  instead  of  the  animal  charcoal  exert- 
ing no  action,  it  might  have  been  simply  called  on  to  do  more  than  could  be 
expected;  for  the  purifying  effect  of  no  substance  is  inexhaustible. f  This 
supposition  does  not  appear  probable,  however,  as  only  43  grains  of  organic 
matter  had  gone  through  4f  lbs.  of  charcoal  before  the  purifying  power  of  the 
charcoal  was  virtually  exhausted.  The  inference  from  Mr  Byrne's  experi- 
ments is  supported  by  a  statement  by  Mr  Chapman,  |  who  recovered  from 
charcoal  the  amount  of  organic  matter  which  had  been  previously  removed  by 
it  from  a  water.  This  would  almost  seem  to  settle  the  pointy  were  it  not  that 
there  is  strong  and  apparently  indisputable  evidence  on  the  other  side.  In 
the  debate  on  Mr  Byrne's  paper,  both  Dr  Letheby  and  Dr  Frankland  brought 
forward  facts  to  show  that  animal  charcoal  not  merely  arrests  but  chemically 
changes  organic  matter,  and  that  this  power  is  retained  for  a  long  time.  Thtis 
Dr  Letheby  obtained  some  charcoal  which  had  been  in  use  for  two  years,  and 
through  which  it  was  calculated  292,000  gallons  had  passed.  The  charcoal 
still  deprived  water  of  colour  and  of  organic  matter,  as  judged  of  by  perman- 
ganate and  distillation  with  potash  for  ammonia.  The  charcoal  being  tlien 
analysed,  gave  the  following  results : — 

4  ounces  from  top  of  filter  gave  *321  grains  of  ammonia. 
„         „      middle         „        -162         „  „ 

„        „     bottom        „         '240        „  „ 

The  organic  matter  had  not  then  accumulated ;  what  had  become  of  it  *?  Water 
with  organic  matter  having  passed  through  this  old  charcoal,  nitrites  appeared 
in  the  filtrate.     It  had  therefore  been  oxidised. 

Dr  Frankland's  experiments  were  made  on  water  containing  smaU  quantities 
of  organic  matter,  but  showed  permanence  of  action  after  5000  gallons  had 
gone  through. 

.  Taking  these  experiments  in  connection  with  the  older  experiments  of 
Witt,  which  showed  a  removal  of  88  per  cent  of  organic  matter,  and  with 
those  of  Gaultier  de  Claubry,  and  with  the  numerous  experiments  on  charcoal 
filters,  the  reading  of  the  facts  seems  to  be  that  charcoal  must  have  a  chemical 

*  Proceedings  of  the  Institution  of  Civil  Engineers  for  1867. 

f  From  experiments  at  Netley,  conducted  by  Mr  Sylvester,  Apothecary  to  the  Forces,  it  -was 

found  easy  to  foul  charcoal  by  passing  through  it  a  strons  solution  of  organic  matter  ;  but  the 

ower  was  easily  restored  by  cleansing  the  filter  with  a  little  potassium  permanganate.     The 

cessation  of  power  must  depend  upon  the  relative  amount  of  the  organic  matter  and  charcoal, 

but  the  quantitative  relations  were  not  settled. 

X  Made  in  the  debate  on  Mr  Byrne's  paper.  See  Proceedings  of  the  Institution  of  Civil 
Engineers  for  1867.  Mr  Shield's  experiments  on  charcoal,  the  size  of  walnuts,  recorded  in 
the  same  debate,  give  the  following  result : — 

Origliial  water.   After  67  hours.    After  91  boon.    After  115  hours.    After  189  huuTB. 
l^rmStter!}      l-«0  -^75  '478  ^  -971 

^^^?(Sr"*}        -  ^'^^  ^*<^  ^"^70  82100 

Chaiooal  in  granules  did  not  act  quite  so  well. 
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well  as  a  mechanical  effect^  but  that  the  limits  of  purification  are  sooner 
leached  than  was  supposed,  if  the  oiganic  matter  be  la^ge,  so  that  a  more  fre- 
quent deansing  is  required.  When,  however,  the  amount  of  organic  matter  is 
small  (under  1  or  2  grains  per  gallon),  the  action  is  very  permanent  Br 
FVankland  has  suggested  that  there  may  be  two  kinds  of  oiganic  matter  in 
water,  one  of  which  is  not  acted  on  by  charcoaL* 

V^gtiahle  and  Peat  CharooaL — The  effect  of  both  these  is  decidedly  inferior 
to  animal  chateoalt  (Frankland  and  Byrne). 

Sea^weed  Oharcoal  is  said  to  be  efficacious. 

frtm  and  Charcoal. — ^Animal  charcoal  mixed  with  spongy  iron  obtained 
from  the  refuse  of  eopper  pyrites  is  a  very  good  purifier ;  also  spongy  iron  in 
oombinAtion  with  eoaxee  sand  and  p3rrolusite. 

DomeMic  FtUen, — On  a  small  scale,  a  number  of  substances  have  been 
used,  such  as  animal  and  vegetable  charcoal  made  into  blocks,  or  fine  silica 
impregnated  with  charcoal  (silicated  carbon  filters),  h»matite  and  magnetic 
iron  ores,  the  so-called  magnetic  carbide,  spongy  iron,  manganic  oxide,  flannel, 
wool,  sponges,  porous  sandstones  (natural  and  artificial),  && 

The  Souchon  filters,  which  are  much  employed  in  Paris,  are  made 
of  diaphragms  of  wool,  which  is  partially  tanned  by  boiling  in  solution  of 
alum  and  cream  of  tartar,  then  dyeing  in  infusion  of  gall-nuts,  and  washing  in 
solution  of  sodium  carbonate.  The  filter  of  M.  Fonvielle,  also  used  in  Paris, 
is  composed  of  nine  layers  of  sponges,  pounded  sandstone,  and  graveL 

The  best  filters  now  in  the  market  are  made  either  of  animal  charcoal,  of 
the  so-called  magnetic  carbide  of  iron,  or  of  spongy  iron.  I  have  examin^  a 
number  of  filters  of  this  kind,  but^  for  obvious  reasons,  I  do  not  wish  to  give 
either  the  names  of  the  makers  or  the  tabular  results.  I  found,  however,  that 
in  most  cases  the  action  was  very  satisfactory.  Suspended  matters  were 
almost  entirely  removed,  and  a  considerable  amount  of  dissolved  organic 
matters  was  also  taken  out^  and  the  action  seemed  to  continue  if  no  excessive 
impurity  was  used.  Individual  filters,  even  from  the  same  maker,  differ  in 
^eir  action ;  but  on  an  average  there  is  no  charcoal  or  magnetic  carbide  filter 
now  in  the  English  market  which  cannot  be  relied  on  to  remove  40  per  cent 
of  dissolved  organic  matter,  and  in  some  cases  it  is  much  more  ;X  the  amount 
of  nitrites,  ammonia,  and  of  hardness  (chiefly  carbonate  of  lime)  is  also 
Irasened,  and  chloride  of  sodium  is  arrested  by  several  filters  to  some  extent. 
On  the  whole,  a  very  useftd  purifying  effect  is  produced  even  on  dissolved 
matters,  and  it  is  hardly  conceivable  that^  in  the  best  charcoal,  carbide,  or 
spongy  iron  domestic  filters,  any  ova  or  even  smaller  living  substance  could 
pass  through.  § 

C^ecmsing  of  Ftlters, — ^But  there  is  a  limit  to  all  purifying  powers,  and  the 
action  of  aU  filters  is  therefore  temporary.  ||    After  a  time,  which  depends  on 

*  The  condition  of  the  organic  matter  in  also  important,  for  it  has  been  shown  that  fi-esh 
albamen  passes  through  nnchanged,  whilst  about  95per  cent,  is  arrested  when  it  has  begun  to 
decompose.     <See  note  by  Dr  J.  L.  Notter,  Sanitary  Record,  Oct.  1876,  p.  288.) 

t  Frankland,  indeed,  seems  to  consider  wood  charcoal  useless.  (Proceeding  of  Inst.  Civil 
Bngineere,  1867.)    Debate  on  Mr  Byrne's  paper. 

1 1  examined  six  filters  from  one  maker,  and  found  the  average  •removal  of  oiiganic  sewage 
matter  to  be  74*5  per  cent  ;  the  greatest  being  96,  and  the  least  56*2  per  cent.  The  action 
was  also  fairly  permanent,  though  cleansing  was  sometimes  necessary. 

I  It  is  right,  however,  to  call  attention  to  the  remarks  in  the  sixth  Report  of  the  Rivers 
Foliation  Commissioners,  where  they  say  that,  '*  the  property,  which  animal  charcoal 
possesees  in  a  high  degree,  of  favouring  the  growth  of  the  low.  forms  of  organised  life,  is  a 
serions  drawback  to  its  use  as  a  filtering  medium  for  |>otable  waters." — I  have  seen  some  con.- 
firmation  of  this  in  experiments  made  at  Netley,  and  it  shows  the  necessity  of  renewal  of  the 
filtering  materials  at  snort  intervals.    (F.  dk.  C.) 

n  At  the  Hygienic  Congress  at  Brussels  (August  1876),  I  found  that  some  of  the  Continental 
chemists  were  so  impressed  with  the  dangers  arising  from  impure  filters,  that  they  were 
indined  to  doubt  the  advisability  of  filtration  at  all.— <F.  DE.  C; 
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the  amount  of  imparity  of  the  water,  they  become  clogged ;  the  suhetances 
which  block  them  are  organic  matters  (probably  Buspended)  and  lime  salts. 
Sodium  chloride,  after  being  arrested  for  some  time,  may  be  given  off  again, 
and  thus  seldom  long  remains  in  a  filter.     Instead  of  taking  the  filter  to  pieces 
when  they  are  dogged,  the  following  plan  may  be  resorted  to : — ^Every  two 
or  three  months  (according  to  the  kind  of  water)  air  shoidd  be  blown  through, 
and  if  the  charcoal  be  in  the  block  form  it  should  be  brushed.     Then  4  to  6 
ounces  of  the  pharmacopoeial  solution  of  potassium  permanganate,  or  20  to  30 
grains  of  the  solid  permanganate  in  a  quart  of  distilled  water,  and  10  drops 
of  strong  sulphuric  acid,  should  be  poured  through,   and,   subsequently, 
a  quarter  to  half  an  ounce  of  pure  hydrochloric  acid  in  2  to  4  gallons  of 
distilled  water.     This  both  aids  the  action  of  the  permanganate,  and  assists 
in  dissolving  manganic  oxide  and  calcium  carbonate.    Three  gallons  of  distilled 
or  good  rain  water  should  then  be  poured  through,  and  the  filter  is  fit  again  for 
use.     This  plan  would  be  useful  on  foreign  stations,  where  the  filter  cannot  be 
sent  home  or  taken  to  pieces ;  if  it  can  be  taken  to  pieces,  the  charcoal  should 
be  spread  out  in  a  thin  layer,  and  exposed  for  some  time  to  air  and  sun,  or 
heated  in  an  oven.     If  sponges  are  at  all  used,  they  should  be  removed  from 
time  to  time,  and  thoroughly  washed  in  hot  water.     If  the  filtering  material 
is  composed  of  a  solid  plate  or  ball,  the  surface  should  be  brushed  or  scraped. 

If  the  charcoal  can  be  taken  out  it  should  be  washed,  then  boiled  with  a 
little  Condy's  fluid,  then  spread  out  in  the  sun  or  in  an  oven  and  dried.  If 
means  exist  it  can  be  re-burnt.  All  kinds  of  charcoal,  and,  of  course,  most 
domestic  filters,  give  off  at  first  some  substances  to  water ;  a  certain  amount  of 
preliminary  washing  out  with  pure  water  is  desirable.*  Among  other  sub- 
stances, calcium  phosphate  is  taken  up  from  animal  charcoal,  and  even  with  a 
Tuinute  quantity  the  water  will  not  act  on  lead  (Frankland). 

Small  filters,  as  now  sold  in  the  market,  may  be  divided  into  several 
kinds : — 

1.  Syphon  cistern  filters,  which  are  placed  in  the  water  to  be  purified,  and 
through  which  the  water  rises.  The  filter  is  often  put  in  the  cistern,  and,  of 
course,  the  delivery-pipe  always  contains  freshly  filtered  water.  A  very  good 
one  of  this  kind  made  of  animal  charcoal  has  been  lately  proposed  by  Dr  F. 
N.  Macnamara,  of  Calcutta,  and  is  likely  to  be  of  great  service  in  India.  It 
is  now  in  use  in  the  Bengal  Presidency. 

2.  Pipe  filters,  in  which  the  filter  is  placed  in  the  course  of  the  delivery 
pipe ;  the  effect  is  the  same  as  with  the  syphon,  but  the  flow  may  be  quicker, 
as  a  greater  pressure  can  be  obtained.     Both  of  these  plans  are  very  useful. 

3.  Common  domestic  filters,  of  various  kinds,  filled  by  hand. 

4.  Pocket  filters,  usually  of  the  syphon  kind,  or  made  of  a  hollow  block  of 
charcoal,  with  a  tube  passing  into  the  interior  cavity,  the  water  passes  from 
without  into  the  cavity. 

5.  Ship  filters. — Major  Crease,  E.M.A,  has  arranged  a  very  useful  tank 
filter  for  ships ;  it  is  an  iron  box,  cemented  inside  by  a  process  patented  by 
Major  Crease,  and  divided  into  two  parts  by  a  partition ;  on  one  side  are  10  to 
12  inches  of  sand,  on  the  other  is  a  corresponding  amount  of  animal  charcoal, 
or  charcoal  is  placed  on  both  sides ;  a  plate  and  screw  lies  on  both  sand  and 
charcoal,  so  that  they  can  be  compressed  to  any  desired  extent ;  and  the  water 

I   ■  11  w-  ■ • — * — — ~w-^r-M-»  I   r  I  - 

*  I  have  found  that  an  interchange  sometimes  takes  place  in  a  filter.  I  passed  some 
calcium  sulphate  and  nitrate  water  through  a  new  charcoal  filter ;  the  sulphuric  acid  was 
entirely  removed,  and  the  nitric  acid  partly  so ;  their  place  was  taken  by  phosphoric  acid. 
It  has  occurred  to  me  whether  a  selenitic  water  might  not  be  made  more  wholesome  by  thus 
substituting  phosphoric  acid,  by  leaving  the  calcium  phosphate  in  the  diarcoal,  or  supplying 
it  from  time  to  time. 
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enters  on  one  side,  passes  down  through  the  sand,  and  ascends  through  the 
charcoaL  I  have  examined  this  filter  carefully  and  find  its  power  to  be  very 
great  It  removes  oily  matter,  which  is  so  often  found  in  condensed  water, 
and  both  the  sand  and  charcoal  are  easily  taken  out  and  cleaned.  He  has 
also  introduced  smaller  filters  for  barrack  use,  which  are  extremely  good,  and 
are  excellent  for  ambulance  and  field  use  (see  figs.  9  and  1 0).  Of  the  tank  filters 
used  in  the  Aahanti  war,  Dep.-Suig.-Greneral  Sir  A.  D.  Home,  KC.B.,  V.C., 
reporte :  ''  For  effectiveness  in  perfectly  filtering  water  in  large  quantities,  and 
for  the  ease  with  which  the  filtering  substance  could  be  cleansed,  those  tanks 
left  nothing  to  be  desiredr"     (  Army  Medical  Beports,  voL  xv.  p.  247.) 

SECTION    IV. 

EFFECTS  OF  AN  INSUFFICIENT  OR  IMPURE  SUPPLY  OF 

WATER. 

Sub-Sbction  L — Insufficient  Supply. 

The  consequences  either  of  a  short  supply  of  water  for  domestic  purposes, 
or  of  difficulty  in  removing  water  which  has  been  used,  are  very  similar.  On 
this  point  much  valuable  information  was  collected  by  the  Health  of  Towns 
0)mmi88ion  in  their  invaluable  Reports.*  It  was  then  shown  that  want  of 
vrater  leads  to  impurities  of  all  kinds ;  the  person  and  clothes  are  not  washed, 
or  are  washed  repeatedly  in  the  same  water ;  cooking  water  is  used  scantily, 
or  more  than  once ;  habitations  become  dirty,  streets  are  not  cleaned,  sewers 
become  dogged ;  and  in  these  various  ways  a  want  of  water  produces  unclean^ 
liness  of  the  very  air  itself. 

The  result  of  such  a  state  of  things  is  a  general  lowered  state  of  health 
among  the  population ;  it  has  been  thought  dso  that  some  skin  diseases — 
scabies,  and  the  epiphytic  affections  especially-^-and  opthalmia  in  some  cases, 
are  thus  propagated.  It  has  also  appeared  to  me  that  the  remarkable  cessation 
of  spotted  typhus  among  the  civilised  and  cleanly  nations  is  in  part  owing, 
not  merely  to  better  ventilation,  but  to  more  frequent  and  thorough  washing 
of  dothes. 

The  deficiency  of  water  leading  to  insufficient  cleansing  of  sewers  has  a 
great  effect  on  the  spread  of  typhoid  and  of  choleraic  diarrhoea ;  and  cases  have 
been  known  in  which  outbreaks  of  the  latter  disease  have  been  arrested  by  a 
heavy  fall  of  rain. 

Little  is  known  with  certainty  of  the  effects  produced  on  men  by  deficiency 
in  the  supply  of  water.  Under  ordinary  circumstances,  the  sensation  of 
thirsty  the  most  delicate  and  imperative  of  all  our  feelings,  never  permits  any 
great  deficiency  for  a  long  time,  and  the  water-removing  organs  eliminate  with 
vonderful  rapidity  any  excess  that  may  be  taken,  so  as  to  keep  the  amount 
in  the  body  within  certain  limits.  But  when  circumstances  prevent  the  sup- 
ply of  water,  it  is  well  known  that  the  wish  to  drink  becomes  so  great,  that 
men  will  ran  any  danger,  or  undergo  any  pain,  in  order  to  satisfy  it.  The 
exact  bodily  condition  thus  produced  is  not  precisely  known,  but  from  experi- 
mentB  on  gtiiTnula  and  men,  it  would  appear  that  a  lessened  amount  of  water 
in  the  body  diminishesf  the  elimination  of  the  pulmonary  carbonic  acid,  the 
intestinal  excreta,  and  all  the  important  urinary  excreta. 

*S1nt  and  second  Beports' (with  evidence)  of  the  Health  of  Towns  Commission,  1844  and 
1845. 

fThe  experiments  of  Faick  and  Scheffer  on  animals,  and  of  Moeler  on  men  and  women,  ai« 
heie  lefeired  to. 
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The  moie  obvious  effeotB  produced  on  men  wlio  aie  deprived  for  some  time 
of  water  is,  besides  the  feeling  of  the  most  painful  thiist,  a  great  lowenng  of 
pduscular  strength  and  mental  vigour*  After  a  time  exertion  becomes  almost 
impoeaiblQ,  and  it  is  wonderful  to  see  what  an  eztraoidinazy  change  is  pro- 
duced in  ananuudngly  short  time  if  watorcan  be  then  procured.  The  supply 
of  water  becomes,  then,  a  matter  of  the  most  urgent  necessity  when  men  are 
tmdergoing  great  muscular  efforts,  and  it  is  very  important  that  the  supply 
should  be  by  small  quantities  of  water  being  frequently  taken,  and  not  by  a 
large  amount  at  any  (me  time.  The  restriction  of  water  by  trainers  is  based 
on  a  misapprehension :  a  little  water,  and  often,  should  be  the  rule.     (See 

EXEROISB.) 

SuB-SsonoN  IL — ^Impubb  Supply. 

At  present,  owing  probably  to  the  difficulty  of  making  analyses  of  waters, 
the  exact  connection  between  impure  water  and  disease  does  not  stand  on  so 
precise  an  experimental  basis  as  might  be  wished.  There  are  some  persons 
who  have  denied  that  even  considerable  organic  or  mineral  impurity  can  be 
proved  to  produce  any  bad  effect;  while  others  have  believed  that  some 
mineral  ingredients,  such  as  calcium  carbonate,  are  usef uL 

It  may  be  true  that  water  containing  a  large  quantity  of  organic  matter,  ox 
much  calcium  and  magnesium  sulphate,  has  been  used  for  long  periods  without 
any  ill  effects.  The  water  of  the  Canal  de  TOurcq,  which  contains  much 
calcium  bicarbonate,  and  some  calcium  and  magnesium  sulphate,  was  found 
by  Parent-Duch&telet  to  produce  no  bad  effect^  and  Boudet  has  latdy  asserted 
the  same  thing.* 

In  some  of  these  cases,  however,  very  little  careful  inquiry  has  been  made 
into  the  state  of  health  of  those  using  the  water,  and  that  most  fallacious  of 
all  evidence,  a  general  impression,  without  a  careful  collection  of  facts,  has 
often  been  the  only  ground  on  which  the  opinion  has  been  come  to.  As  well 
observed  by  Mr  Simon,  in  one  of  his  philosophical  Eeports,!  we  cannot  ex- 
pect to  find  the  effect  of  impure  water  always  sudden  and  violent ;  its  results 
are  indeed  often  gradual,  and  may  elude  ordinary  observation,  yet  be  not  the 
less  real  and  appreciable  by  a  close  inquiry.  In  fact,  it  is  only  when  striking 
and  violent  effects  are  produced  that  public  attention  is  arrested ;  the  minor 
and  more  insidious,  but  not  less  certain,  evils  are  borne  with  the  indifference 
and  apathy  of  custom.  In  some  cases  it  is  by  no  means  improbable  that  the 
use  of  the  impure  water,  which  is  supposed  to  be  innocuous,  has  been  really 
restricted,  or  that  experience  has  shown  the  necessity  of  purification  in  some 
way.  This  much  seems  to  be  certain,  that  as  precise  investigations  proceed, 
and,  indeed,  in  proportion  to  the  care  of  the  inquiry  and  the  accuracy  of  the 
examination,  a  continually  increasing  class  of  cases  is  found  to  be  connected 
with  the  use  of  impure  water,  and  it  seems  only  reasonable  to  infer  that  a  still 
more  rigid  inquiry  will  further  prove  the  frequency  and  importance  of  this 
mode  of  origin  of  some  diseases. 

Animal  organic  matter,  especially  when  of  fsBcal  origin ;  vegetable  organic 
matter,  when  derived  from  marshes ;  and  some  salts,  are  the  principal  noxious 
ingredient& 

Of  the  hurtful  substances,  the  suspended  animal,  and  especially  f»cal 
matters,  are  probably  the  worst  At  least,  it  is  remarkable  how  frequently, 
both  in  outbreaks  of  diarrhoea  and  typhoid  fever,  the  reports  notice  turbidity, 
discoloration,  and  smell  of  the  water.     It  is  this  fact  which  makes  the  examina 

*  Tho  Canal  de  TOurcq  (which  haa  a  boat  population  of  about  40,000)  is  now  abamloned  as  a 
ftonrce  of  drinking  water,  and  the  ereater  part  of  Paris  is  supplied  from  the  rirer  Vanne. 
t  Second  Annual  Report  to  the  City  of  London,  p.  121. 
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tion  of  colour  and  turbidity  bo  important  The  thoroughl  j  dissolved  organio 
matten  appear  less  hurtful ;  at  least  theie  is  some  evidence  that  peifectly  clear 
wsten,  though  contaiiiing  much  matter  dissipated  by  heat,  and  consisting  of 
diaaolyed  organic  matter  or  its  derivatives,  are  often  taken  without  ii\jury. 
Probably,  also,  the  moire  recent  the  f»cal  contamination,  the  more  injurious, 
nnee  the  most  poisonous  attacks  on  record  have  been  in  cases  of  wells  into 
which,  after  slow  percolation  for  some  time,  a  sudden  gush  of  sewage  water 
has  taken  place. 

It  has  been  frequmtly  stated  that  the  readily  oaddisable  organic  matters  in 
water  are  the  most  dangerous.  This  opinion  has  probably  arisen  from  the 
idea  that  a  substance  in  rapid  chemical  change  is  more  likely  to  excite  some 
conesponding  and  hurtful  action  in  the  body;  and  it  may  be  true,  but 
there  is  no  evidence,  to  my  knowledge,  which  can  be  trusted  on  the  point 
There  ii^  on  the  other  hand,  some  evidence  that  animal  matters  forming  fatty 
^ds  give  rise  to  salts  wMch,  though  not  oxidising  into  nitrous  and  nitric 
acid,  are  as  hurtful  as  the  more  oxidisable  substances. 

Of  late  years,  too,  an  opinion  has  been  expressed  that  the  amount  of  the 
mineral  substances  is  of  little  consequence.  This  can  be  true  only  in  a  limited 
seDse;  there  are  some  mineral  substances,  such  as  sodium  chloride,*  or 
carbonate,  or  calcium  carbonate,  which,  within  certain  limits,  appear  to  do  no 
haim.  But  in  the  case  of  other  minerals,  such  as  calcium  and  magnesium 
solphates  and  chlorides,  and  calcium  nitrate,  there  can  be  little  doubt  that 
their  use  is  iigurious  to  many  persons.  It  seems  also  probable  that  a  com- 
bination of  impurities,  and  especially  the  co-existence  of  organic  matter  and 
Galciamsulphate,is  hurtful;  at  least  the  analysis  of  waters  which  have  decidedly 
produced  iiyury  often  shows  that  the  impurities  have  been  numerous. 

As  far  as  at  present  known,  the  existence  of  infusoria  of  different  kinds  is 
not  hurtful,  though  they  may  indicate  by  their  abundanoe  the  presence  of 
dgamc  impurity.  The  effect  of  microcymes,  algee,  or  fungi,  in  drinking  water 
is  also  a  matter  of  which  little  or  nothing  is  known,  though  it  is  very  probable 
that  future  research  may  bring  out  something  important  in  this  direction. 

The  most  practical  way  of  stating  the  &ctB  connected  with  the  production 
of  disease  by  larater  will  be  to  enumerate  the  diseases  which  have  been  traced 
io  the  use  of  impure  water,  and  to  state  the  nature  of  the  impurities. 

1.  AFFBOnONB  OF  THE  JlLOCENTART  MUOOUS  MEMBRANE. 

It  is  reasonable  to  suppose  that  the  impurities  of  water  would  be  likely  to 
produce  their  greatest  effect  upon  the  membrane  with  which  they  come  first 
in  contact     ^Diis  is  in  fact  found  to  be  the  case. 

AffisdioM  of  the  Stcmaek — Dyspepeia. 

Symptoms  which  may  be  referred  to  the  convenient  term  dyspepsia,  and 
which  consist  in  some  loss  of  appetite,  vague  uneasiness  or  actual  pain  at  the 
epigastrium,  and  slight  nausea  and  constipation,  with  occasional  diarrhoea, 
are  caused  by  water  containing  a  large  quantity  of  calcium  sulphate  and 
chloride,  and  the  magnesian  salts.  Dr  Sutherland  found  the  hard  water  of 
the  red  sandstone  rocks,  which  was  formerly  much  used  in  Liverpool,  to  have 
a  decided  effect  in  producing  constipation,  lessening  the  secretions,  and 
causing  visceral  obstructions ;  and  in  Glasgow,  the  substitution  of  soft  for 
hard  water  lessened,  according  to  Dr  Leech,  the  prevalence  of  dyspeptic  com- 
plaints.     It  is  a  well-known  fact  that  grooms  object  to  give  hard  water  to  their 

*  Wanklyn  has  actually  proposed  to  add  sodium  chloride  to  driukiiig  water,  to  the  extent  ef 
50  grains  per  gaUon,  in  order  to  improTe  its  taste. 
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hoises,  on  the  ground  that  it  makes  the  coat  staring  and  rough — a  result 
which  has  been  attributed  to  some  derangement  of  digestion.  The  ciisact 
amount  which  will  produce  these  symptoms  has  not  been  determined,  but 
water  contaming  more  than  8  grains  of  each  substance  individually  or  collec- 
tively appears  to  be  injurious  to  many  persons.  This  [would  correspond  to 
about  10  degrees  of  permanent  hardness.  A  much  less  degree  than  tins  will 
affect  some  persons.  In  ^^a  well  water  at  Chatham^  which  was  found  to 
disagree  with  so  many  persons  that  no  one  would  use  the  water,  the  main 
ingiedients  were  19  grains  of  carbonate  of  lime,  11  grains  of  calcium  sulphate, 
and  13  grains  of  sodium  chloride,  per  gallon.  The  total  solids  were  50  grains 
per  gallon.  In  another  case  of  the  same  kind,  the  total  solids  were  58  grains 
per  gallon,  the  calcium  carbonate  was  22,  the  calcium  sulphate  11,  and  the 
sodium  chloride  14  grains  per  gallon. 

Iron,  in  quantities  sufficient  to  give  a  slight  chalybeate  taste,  often  produces 
slight  dyspepsia,  headache,  and  general  malaise.  Custom  seems  to  partly 
remove  these  effects. 

Dtarrhoecu 

Many  conditions  produce  diarrhoea. 

(a)  Suspended  Mineral  Substances. — Clay,  marl — as  in  the  cases  of  the 
water  of  the  Maas,  the  Mississippi,  the  Missouri,  Eio  Grande,  Kansas,*  of  the 
Granges,  and  many  other  rivers — will  at  certain  times  of  the  year  produce 
diarrhoea,  especially  in  persons  unaccustomed  to  the  water.  The  hill  diarrhoea 
at  Dhurmsala  is  produced,  apparently,  by  suspended  very  fine  scales  of  mica.t 

(b)  Suspended  Animal,  and  especially  Fcecal  Mciters,  have  produced 
diarrhoea  in  many  cases ;  such  water  always  contains  dissolved  organic  matters, 
to  which  the  effect  may  be  partly  owing.  The  case  of  Croydon  in  1854 
(Carpenter)  is  one  of  the  most  striking  on  record.  In  cases  in  which  the 
water  is  largely  contaminated  with  suspended  sewage,  it  is  important  ta 
observe  that  the  symptoms  are  often  markedly  choleraic  (purging,  vomiting, 
cramps,  and  even  some  loss  of  heat).  This  point  has  been  again  noticed  by 
Oldekop  of  Astrachan,  I  who  found  marked  choleraic  symptoms  to  be  produced 
by  the  water  of  the  Volga,  which  is  impregnated  with  sewage.  Seven  cases 
in  one  house  of  violent  gastro-intestinid  derangement  (vomiting,  diarrhoea, 
colic,  and  fever),  produced  by  water  contaminated  by  sewage  which  had  passed 
into  the  cistern,  are  recorded  by  Dr  Gibb.§  In  the  prison  at  Halle  an  out- 
break of  diarrhoea  was  traced  by  Dolbruck  to  the  contamination  of  water  with 
putrid  substances.  In  St  Petersburg  the  water  of  the  Neva,  which  is  rich  ia 
organic  substances,  give  diarrhoea  to  strangers.  || 

Suspended  animal  and  vegetable  substances,  washed  off  the  ground  by- 
heavy  rain  into  shallow  wells,  often  produced  diarrhoea,  as  at  Prague  in  1860, 
when  an  endemic  of  "  catarrh  of  the  alimentary  canal ''  was  produced  by  heavy 
floods  washing  impurities  into  the  wells.  H 

(c)  Suspended  Vegetahle  Substances, — In  this  country,  and  also  in  the  late 
American  civil  war,  several  instances  have  occurred  of  diarrhoea  arising  from 
the  use  of  surface  and  ditch  water,  which  ceased  when  wells  were  sunk ; 
possibly  there  might  be  also  animal  coatamination.     It  is  not^  therefore,  quite 

*  Hammond's  Hygiene,  p.  218. 

fWhitweU,  vide  Dr  Macnamftra'i  8tli  Report  on  Potable  Waters  in  Bengal,  Appendix, 
p.  44. 

±  Virchow's  Arcbiy,  band  xxvi.  p.  117. 

§  Britisb  Medical  Journal,  Oct  1870. 
.   I)  Jiiscb,  quoted  by  Both  and  Lex,  Mil.  Oesundheitspfl.,  pu  24, 

%  Canstatt's  Jahresb.  1862.  yoI.  ii  p.  81. 
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ontain  tliat  suspended  vegetable  matter  was  the  vera  eatisa,  Suigeon- 
Major  Gore  has  recorded  a  violent  outbreak  of  diarrhoea  at  Bulama^  on  the 
west  coast  of  Africa,*  produced  by  the  water  of  a  well ;  the  water  was  itself 
pure,  but  was  milky  from  suspended  matters,  consisting  of  debris  of  plants, 
chlorophyll,  minute  cellular  and  branched  algae,  monads,  polygastrica,  and 
minute  partideB  of  sand  and  day.  When  filtered  the  water  was  quite 
harmless. 

{<£)  Dmclved  Animal  Organic  Matter, — ^The  opinion  is  very  widely  diffused 
that  dissolved  and  putrescent  animal  organic  matter,  to  the  amount  of  3  to  10 
grains  per  gaUon,  may  produce  diarrhoea.  This  is  possibly  correct,  but  two 
points  must  be  conceded — Ist^  That  there  are  usually  other  impurities  which 
aid  the  action  of  the  organic  matter ;  and  2(2,  That  organic  matter,  even  to  the 
amount  of  10  to  15  grains  per  gallon,  may  exist  without  bad  effects,  if  it  be 
perfectly  dissolved  In  the  latter  case  the  water  is,  however,  always  clear  and 
sparkling,  never  tainted  or  discoloured.  The  frequent  presence  of  other 
impurities  renders  it  difficult  to  assign  its  exact  iofluence  to  dissolved  organic 
matters. 

in  the  case  of  a  well-ventilated  court  in  Coventry,  f  where  diarrhoea  was 
constantly  present,  the  water  contained  5*68  grains  per  gallon  of  volatile  and 
ootnbnstible  matter,  but  then  it  contained  also  no  less  thim  105  grains  of  fixed 
salts,  which,  as  the  water  had  a  permanent  hardness  of  bV'^  (Clark's  scale) 
after  boiling,  must  have  consisted  of  calcium  and  magnesium  sulphates  and 
chlorides.  It  also  contained  alkaline  salts,  nitrates,  and  ammonia.  The  com- 
position was  therefore  so  complex,  that  it  is  difficult  to  assign  to  the  organic 
matter  its  share  in  the  effects. 

The  animal  organic  matter  derived  from  graveyards  appears  to  be  especially 
hurtful ;  here  also  ammonium  and  calcium  nitrites  may  be  present 

{e)  Dissolved  Vegetable  McUter. — ^There  is  no  evidence  at  present  to  show 
that  this  produces  diarrhoea. 

(/)  FoBtid  Oases, — ^Water  containing  much  sulphuretted  hydrogen  will  give 
rise  to  diarrhoea,  especially  if  organic  matter  be  also  present.  In  the  late 
Mexican  War  (1861-62),  the  French  troops  suffered  at  Orizaba  from 
a  peculiar  dyspepsia  and  diarrhoea,  attended  with  immense  disengagement  of 
gas  and  enormous  eructations  after  meals.  The  eructed  gas  had  a  strong  smell 
of  sulphuretted  hydrogen.  {  This  was  traced  to  the  use  of  water  from  sul- 
phurous and  alkaline  springs;  even  the  best  waters  of  Orizaba  contained 
organic  matter  and  ammonia  in  some  quantity.  The  experiments  of  Professor 
Weber  have  shown  what  marked  effects  axe  produced  by  the  injection  of 
sulphuretted  hydrogen  in  solution  in  water  into  the  blood ;  is  it  possible  that 
water  containing  animal  organic  matter  may  occasionally  form  SH^  after 
absorption  into  the  blood,  and  that  the  poisonous  effect  of  some  water  may 
be  owing  to  this  f  The  symptoms  of  poisoning  by  water  contaminated  by 
sewage  are  sometimes  very  like  those  noted  by  Weber  in  his  experiments, 
viz.,  diarrhoea  and  even  choleraic  symptoms  (lowering  of  temperature),  and 
irritation  of  the  lungs,  spine,  liver,  and  kidneys. 

The  absorption  of  sewer  gases,  as  when  the  overflow-pipe  of  a  cistern  opens 
into  the  sewers,  will  cause  diarrhoea.  This  seems  perfectly  proved  by  the 
case  recorded  by  Dr  Greenhow,  in  Mr  Simon's  second  repori§ 

(g)  Dissolved  Mineral  Matters^  if  passing  a  certain  point,  produce  diarrhoea. 

*  Report  on  Hygiene  by  the  Author,  **  Army  Medical  Report,"  vol.  y.  p.  428. 
t  Greenhow,  in  Second  Report  of  the  Medical  Officer  of  the  Privy  Conncil,  1860,  p.  75. 
iPoncet^  in  Rec  de  Mem.  de  Med.  Mil.  1808,  p.  218.    The  exact  words  are  **  tine  odeor 
d'acid  anlfiiriqae,"  bat  "  snlfhydrique"  most  be  meant. 
i  Second  Report  of  the  Medical  Officer  of  the  Privy  Council,  Pari.  Paper,  18S0,  p.  153. 
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Boudin  refers  to  an  outbreak  of  dianhoBa  at  Omit  in  Algiers,  which  iwsa  dia* 
tinctly  traced  to  bad  water,  and  oeased  on  the  cauae  being  removed ;  the  oom- 
position  of  the  water  is  not  explicitly  given,  but  it  contained  lima,  magneBJa, 
and  carbonate  of  soda.  Sulphates  of  Hme  and  magnesia  also  cauae  diarrhoea, 
following  sometimes  constipation.  The  selenitic  well  waters  of  Paris  used  to 
have  this  effect  on  strangers.  Parent-DuchAtelet  *  notioed  the  constant  excess 
of  patients  furnished  by  the  prison  of  St  Lazare,  in  consequence  of  diarrhoea^ 
and  he  traced  this  to  ttie  water,  which  *'  contained  a  very  large  proportion  of 
sulphate  of  lime  and  other  purgative  salts;"  and  ha  telLi  us  thkt  Final  had 
noticed  the  same  fact  twenty  yean  before  in  a  particular  section  of  the 
Salpdtri^.  In  some  of  the  West  Indian  stations,  l^e  water  drawn  from  the 
calcareous  formation  has  been  long  abandoned,  in  oonsequence  of  the  tendency 
to  diarrhoea  which  it  caused 

Nitrate  of  lime  waters  also  produces  diarrhoeai  A  case  is  on  record,  in 
which  a  well  water  was  obliged  to  be  disused,  in  consequence  of  its  impregna- 
tion with  butyrate  of  lime  (105  grains  per  gallon),  which  was  derived  from  a 
trench  filled  with  decomposing  animal  and  vegetable  matters,  f 

Brackish  water  (whether  rendered  so  by  the  sea,  or  derived  from  loose 
sands)  produces  diarrhoea  in  a  large  percentage  of  penona,  and  at  some  of  the 
Cape  frontier  stations  water  of  this  diaracter  formerly  caused  much  diseaae  of 
this  kind.  In  a  water  I  examined,  which  became  brackish  from  sea  water, 
and  which  produced  diarrhoea  in  almost  all  persons,  I  found  the  amount  of 
chloride  of  sodium  to  be  253  grains  per  gallon.  But^  doubtless,  a  much  lees 
quantity  than  this,  especially  if  chloride  of  magnesium  be  present^  will  act  in 
this  way. 

(h)  Metallic  ImpregnatiwL — Occasionally  animal  organic  matter  acts  m  an 
indirect  way,  by  producing  nitrites  and  nitrates,  which  act  on  metals. 

Dr  Baedeker,  I  a  physican  in  Witten,  was  called  to  some  cases  of  sickness 
produced  apparently  by  water.  On  examining  the  point,  he  found  the  water 
was  dra¥m  £<om  a  pump  with  a  copper  cylinder,  and  contained  a  considerable 
quantity  of  copper,  which  seemed  to  be  in  combination  with  soma  organic 
matter.§ 

Lead  (as  might  have  been  anticipated)  was  also  largely  present  in  tiiia  water, 
as  leaden  pumps  were  used;  iron,  on  the  contsEary,  was  not  dissolved. 

Dysentery  also  is  decidedly  produced  by  impure  wttter,  and  this  cauae 
ranks  high  in  the  etiology  of  dysentery,  though  perhaps  it  is  not  the  first 

Several  of  the  older  army-surgeons  refer  to  this  cause.  Pringle  does  so 
several  times,  and  Donald  Munro,  in  the  •'Campaigns  in  Flanders  and 
Garmany."  In  the  West  Indies,  Lempri^re,||  in  1799,  noticed  the  increase 
of  bowel  complaints  in  Jamaica  in  May,  when,  after  floods,  the  water  was 
bad  and  turbid,  "  and  loaded  with  dirt  and  filth."  He  also  mentions,  that  at 
Kingston  and  Port  Boyal  the  dysentery  was  owing  to  brackish  water.     It 

"^^~^      ~^^"^  ■  ■  ■      ii.li 

♦Hygiene  Publioae,  t.  L  p.  286. 

f  Zeitoohrift  far  Hygiene,  loL  i.  p.  1S6.    See  also  a  remaric  on  the  eflbct  of  calcimn  and 
potassium  nitrate  in  causing  a  tendenoy  to  di«rr]&<Ba  in  tbe  Beport  on  the  Drainage  of  Berlin 
(Die  Kanalisation  von  BerluL  1868,  pp.  27,  28). 
•  X  Pappenheim's  Beitrage/beft  iv.  p.  49. 

$The  amount  of  copper  required  to  produce  poisonous  symptoms  appears  to  be  doubtftil: 
It  is  said  that  the  miners  in  ttie  desert  of  Attaoama,  in  South  America,  prefer  to  use  vater 
contaiuing  80  much  copper  as  to  have  a  distinct  green  colour,  rather  than  the  water  bronriit 
up  ^m  the  wells  near  the  ahore  in  skins,  which  give  it  an  unpleasant  taste.  It  is  true  that 
it  is  used  for  making  coffee  and  may  thus  be  to  a  certain  extent  piirifted. 

il  Vol.  i.  p.  25. 
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iviB  noi^  howeyer,  for  manj  yeara  after  this  tbat  fresh  sources  of  water  were 
sought  for  in  the  West  Indies,  and  that  rain  wateor  began  to  be  used  wkeu 
good  spring  or  riTeir  water  could  not  be  got 

Davis  *  mentions  as  a  curious  fact,  in  reference  to  the  West  Indies,  that 
ships'  crews,  when  ordered  to  Toitola,  were  "  invariably  seized  with  fluxes,'' 
which  ware  caused  by  the  water.  But  the  inhabitants  who  used  tank  (i,e.f 
rain)  water  were  free ;  and  so  well  known  was  this,  that  when  any  resident  at 
Tortola  was  invited  to  dinner  on  board  a  man-of-^war,  it  was  no  unusual  thing 
for  hiui  to  carry  his  drinking  water  with  him. 

The  dysentery  at  Walcheren,  in  1809,  was  in  no  small  degree  owing  to  the 
bad  water,  which  was  almost  everywhere  brackish. 

The  epidemic  at  Guadaloupe,  in  1847,  recorded  by  Ck)muel,  seems  also 
quite  conclusive  as  to  the  effect  of  impure  water  in  causing,  not  merely 
isolated  cases,  but  a  wide-spread  outbreak.t 

In  1860,  at  Prague,  there  were  many  cases  of  dysentery,  clearly  traced  to 
the  use  of  water  of  weUs  and  springs  rendered  foul  by  substances  washed  into 
the  water  by  heavy  floods.     iScact  analyses  were  not  made. 

On  the  West  Coast  of  Africa  (Cape  Coast  Castle),  an  attack  of  dysentery 
was  traced  by  Suigeon-Mi^'or  Oakes  to  the  passage  of  sewage  from  a 
cesspool  into  one  of  the  tanks.  ^'  This  was  remedied,  and  tlie  result  was  the 
almost  total  disappearance  of  the  disease." 

That  in  the  East  Indies  a  great  deal  of  dysentery  has  been  produced  by 
jmpure  water,  is  a  matter  too  familiar  almost  to  be  mentioned  (Annesley ; 
Twining).  Its  constant  prevalence  at  Secunderabad,  in  the  Deccan,  appears 
to  have  been  partly  owing  to  the  water  which  percolated  through  a  large 
grave-yard.  One  of  the  sources  of  water  contained  119  grains  of  solids  per 
gaUon,  and  in  some  instances  there  were  8, 11,  and  even  30  grains  per  gallon 
of  organic  matter.     (Indian  Eeport,  p.  44.) 

Cbampouillon^  has  lately  recorded  a  case  in  which  two  regiments  used  the 
impure  water  from  the  Canal  de  TOurcq^  near  Paris.  One  regiment  mixed 
the  water  with  coffee  or  red  wine,  the  tannin  of  which  united  with  the  organic 
matter  ;  this  regiment  had  no  dysentery.  The  second  regiment  used  brandy, 
which  precipitated  the  organic  matter  on  the  side  of  the  vessel,  where  it 
putrified.  This  regiment  suffered  from  dysentery;  the  substitution  of  red 
wine  for  brandy  stopped  the  disease. 

The  great  effect  produced  by  the  impure  water  of  Calcutta  in  this  way  has 
been  pointed  out  by  Chevers.     (Indian  Annals,  No.  17,  p.  70,  1864.) 

In  tinie  of  war  this  cause  has  often  been  present ;  and  the  great  loss  by 
dysentery  in  the  Peninsula,  at  Ciudad  Eodiigo,  was  partly  attributed  by  Sir 
J.  M'Grigor  to  the  use  of  water  passing  through  a  cemetery  where  nearly 
20,000  bodies  had  been  hastily  interred. 

The  impurities  which  thus  produce  dysentery  appeax  to  be  of  the  same 
kind  as  those  which  cause  the  allied  condition,  diarrhoea.  Suspended  earthy 
matters,  suspended  animal  organic  matter,  calcium  and  magnesium  sulphates 
and  chlorides,  calcium  and  ammonium  nitrates,  large  quantities  of  sodium  and 
magnesium  chlorides  in  solution,  appear  to  be  the  usual  ingredients ;  but  there 
are  few  perfect  analyses  yet  known.§ 

*  On  the  Walcheran  Fever,  p.  10. 

t  See  a  jmkfw  by  the  autlMr  on  VywBoA&vy,  in  the  **  BrltiBh  and  Foreign  Medical  and  Cbiv- 
vnical  Beviaw**  for  1847.  for  fuUer  detaik  of  thia  epidmnic. 

IBec.  de  Mem.  de  Med.  Mil.  1872.  Sept.  p.  230. 

I A  localised  epidemic  of  dysentery  occunred  in  some  barracks  at  Numberg  in  the  summer 
•f  1872, 90  cans  ind  4  deaths  taking  place  among  the  soldiers.  The  absorption  of  putrefaction 
sises  from  the  cloaca  in  the  wings  of  the  building  by  the  drinking  water^  was  considered  to 
be  the  cause ;  the  water  contained,  nitrates  and  ifte  ammonia.    An  individual  predisposition 


44  WAtte* 

Theobservationd  whicli  prove  so  satisf actorily  that  the  dysenteric  stools  caif 
propagate  the  disease,  make  it  probable  that,  as  in  the  case  of  typhoid  fever' 
and  cholera,  the  accidental  passage  of  dysenteric  evacuations  into  drinking 
water  may  have  some  share  in  spreading  the  disease. 

2.  APFBOTION  OF  OTHER  MUCOUS  MBMBRANB8  BESIDB8  THB  ALDfENTABT. 

Little  has  yet  been  done  to  trace  out  this  point  At  Prague,  after  the 
severe  flood  of  1860,  bronchial  catarrh  was  frequent,  probably  caused  chiefly 
by  the  chills  arising  from  the  great  evaporation ;  but  it  was  noticed  that 
bronchial  catarrh  was  most  common  when  the  drinking  water  was  foulest  and 
produced  dysentery.  Possibly  the  bronchial  and  the  urinary  mucous  mem- 
branes may  also  suffer  from  foul  water ;  the  point  ia  well  worthy  of  close  in- 
vestigation. 

3.  SPEOIFIG  DISEASES. 

That  some  of  the  specific  diseases  are  disseminated  by  drinking  water  is  a 
fact  which  has  only  attracted  its  due  share  of  attention  of  late  years.  It  is 
certainly  one  of  the  most  important  steps  in  etiology  which  has  been  made 
in  this  century,  and  the  chief  merit  of  its  discovery  is  owing  to  the  late  Dr 
Snow. 

Malarious  Fevers, 

Hippocrates  states  that  the  spleens  of  those  who  drink  the  water  of  marshed 
become  enlarged  and  hard ;  and  Khazes  not  only  asserted  this,  but  affirmed 
that  it  generated  fevers.  Little  attention  seems  to  have  been  paid  to  this 
remark,  and  in  modem  times  the  opinions  of  Lancisi,  that  the  air  of  marshes 
is  the  sole  cause  of  intermittents,  has  been  so  generally  adopted,  that  the 
possibility  of  the  introduction  of  the  cause  by  means  of  water,  as  well  as  of 
air,  was  overlooked*  Stilly  it  has  been  a  very  general  belief  among  the  in- 
habitants of  marshy  countries,  that  the  water  could  produce  fever.  Henry 
Marshall*  says  that  the  Singhalese  attribute  fevers  to  impure  water, 
"  especially  if  elephants  or  buffaloes  have  been  washing  in  it,"  and  it  is  to  be 
presumed  that  he  referred  to  periodical  fevers.  On  making  some  inquiries  of 
the  inhabitants  of  the  highly  malarious  plains  of  Troy,  during  the  Crimean 
war,  I  found  the  villagers  universally  stated,  that  those  who  drank  marsh 
water  had  fever  at  all  times  of  the  year,  while  those  who  drank  pure  water 
only  got  ague  during  the  late  summer  and  autunmal  months.  The  same  belief 
is  prevalent  in  the  south  of  India ;  and  in  Western  Candeish,  Canara,  Balaghut^ 
and  Mysore,  and  in  the  deadly  Wynaad  district,  it  is  stated  by  Mr  Bettington 
of  the  Madras  Civil  Service,  that  it  '*  is  notorious  that  the  water  produces 
fever  and  affections  of  the  spleen."  The  essay  by  this  gentlemanf  gives, 
indeed,  some  extremely  strong  evidence  on  this  point.  He  refers  to  villages 
placed  under  the  same  conditions  as  to  marsh  air,  but  in  some  of  which  fevers 
are  prevalent,  in  others  not ;  the  only  difference  is,  that  the  latter  are  supplied 
with  pure  water,  the  former  with  marsh  or  nullah  water  full  of  vegetable 
debris.  In  one  village  there  two  sources  of  supply, — a  tank  fed  by  surface 
and  marsh  water  and  a  spring ;  those  only  who  drmk  the  tank  water  get  fever. 
In  a  village  (Tulliwaree)  no  one  used  to  escape  the  fever ;  Mr  Bettington  dug  a 
well,  the  fever  disappeared,  and,  during  fourteen  years,  has  not  returned. 

Another  village  (Tambatz)  was  also  "  notoriously  unhealthy,"  a  well  was 

to  the  difleue  appeared,  however,  to  he  also  necessary.    (Schmidt's  Jahrhiicher,  1874.  1  toU 
p.  26.) 
*  Topography  of  Ceylon,  p.  62,  f  Indian  Annals,  1856,  p.  5a6b 
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dog,  aiul  the  inliabitaiits  became  healihy.     Nothing  can  well  be  stronger  than 
the  positive  and  negative  evidence  brought  forward  in  this  paper. 

Dr  Moore  (Indian  Annals,  1867)  has  also  noted  his  opinion  of  malarious 
disease  being  thus  produced ;  and  M.  Commaille  has  since  (Eec  de  M6nL  de 
M^  MiL,  Nov.  1868,  p.  427)  stated,  that  in  Marseilles  paroxysmal  fevers, 
formerly  unknown,  have  made  their  appearance,  since  the  supply  to  the  city 
has  been  taken  from  the  canal  of  Marseilles.  In  reference  also  to  this  point, 
I  observe  that  Dr  Townsend,  the  Sanitary  Commissioner  for  the  Central 
ProvinceB  in  India,  mentions  in  one  of  his  able  reports  (for  1870,  published 
at  Nagpore  in  1871,  para.  143,  et.  9eq.)  that  the  natives  have  a  current  opinion 
that  the  use  of  river  and  tank  water  in  the  rainy  season  (when  the  water 
always  contains  much  vegetable  matter)  will  almost  certainly  produce  fever 
(i.e.,  ague),  and  he  believes  there  are  many  circumstances  supporting  this 
view.  In  this  way  the  prevalence  of  ague  in  dry  elevated  spots  is  often,  he 
thinks,  to  be  explamed.  He  mentions  also  that  the  people  who  use  the  water 
of  streams  draining  forest  lands  and  rice  fields  '^  suffer  more  severely  from 
fever  (ague)  than  the  inhabitants  of  the  open  plain  drawing  their  water  from 
a  soil  on  which  wheat  grows.  In  the  former  case  there  is  far  more  vegetable 
matter  in  the  water.  The  Upper  Godavery  tract  is  said  to  be  the  most  aguish 
in  the  province,  yet  there  is  not  an  acre  of  marshy  ground ;  the  people  use  the 
water  of  the  Godavery,  which  drains  more  dense  forest  land  than  any  river  in 
India. 

In  the  ''Landes''  (of  south-west  France),  the  water  from  the  extensive 
sandy  plain  contains  much  vegetable  matter,  obtained  from  the  vegetable 
deposit,  which  binds  together  the  siliceous  particles  of  the  subsoiL  It  has  a 
marshy  smell,  and,  according  to  Faur6,  produces  intermittents  and  visceral  en- 
goigement&  Dr  Blanc,  in  his  papers  on  Abyssinia,  mentions  that  on  the 
march  from  Massowah  to  the  highlands,  Mr  Prideaux  and  himself,  who  drank 
water  only  in  the  form  of  tea  or  coffee,  entirely  escaped  fever,  while  the  others 
who  were  less  careful  suffered,  and,  as  Dr  Blanc  believes,  from  the  water. 

The  same  facts  have  been  noticed  in  this  country.  Twenty  years  ago  Mr 
Blower  of  Bedford  mentioned  a  case  in  which  the  ague  of  a  village  had  been 
much  lessened  by  digging  wells,  and  he  refers  to  an  instance  in  which,  in  the 
parish  of  Houghton,  almost  the  only  family  which  escaped  ague  at  one  time 
was  that  of  a  farmer  who  used  well  water,  while  all  the  other  persons  drank 
ditch  water.* 

At  Sheemess  the  use  of  the  ditch  water,  which  is  highly  impure  with  vege* 
table  debris,  has  been  also  considered  to  be  one  of  the  chief  causes  of  the 
extraordinary  insalubrity.! 

At  Versailles  a  sudden  attack  of  ague  in  a  regiment  of  cavalry  was  traced 
to  the  use  of  surface  water  taken  from  a  marshy  district  | 

The  ease  of  the  Argo,  recorded  by  Boudin,§  is  an  extremely  strong  one. 
In  1834,  800  soldiers  in  good  health  embarked  in  three  vessels  to  pass  from 
Bona  in  Algiers  to  Marseilles.  They  all  arrived  at  Marseilles  the  same  day. 
In  two  vessels  there  were  680  men  without  a  single  sick  man.  In  the  third 
vessel,  the  Argo,  there  had  been  120  men;  thirteen  died  during  the  short 
passage  (time  not  given),  and  of  the  107  survivors  no  less  than  98  were  dis- 


*Biiow  '*  On  the  Mode  of  Comraanicatioii  of  Cholera,"  2d  edit.  1855,  p.  180. 

t  b  it  not  possible  that  the  great  decline  of  agues  in  England  is  partly  due  to  a  purer  drink- 
ing water  being  now  used  ?  Formerly,  there  can  be  little  doubt,  when  there  was  no  oi^nised 
supply,  and  much  fewer  wells  existed,  the  people  must  have  taken  their  supply  from  surface 
eoHections,  and  ditchea,  as  they  do  now,  or  did  til]  lately,  at  Sheemess. 

tOrainger^s  Report  on  Cholera.    Appendix  (B),  page  95 ;  footnote. 

(Tnittf  de  G^ograpbie  et  de  SUtistique  Medicales,  1857,  t.  i.  p.  142. 
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embarked  witH  all  forms  of  paludal  fevers,  and  as  Boudin  himself  saw  the 
men,  there  was  no  doubt  of  the  diagnosis.  The  crew  of  the  Aigo  had  not  a 
single  sick  man. 

All  the  soldiers  had  been  exposed  to  the  same  inflaenoes  of  atmosphere 
before  embarkation.  The  crew  and  the  soldiers  of  the  Argo  were  exposed  to 
the  same  atmospheric  condition  daring  the  voyage ;  the  influence  of  air  seems 
therefore  excluded.  There  is  no  notice  of  the  food,  but  the  production  of 
malarious  fever  from  food  has  never  been  suggested.  The  water  was,  how* 
ever,  different — ^in  the  two  healthy  ships  the  water  was  good.  The  soldiers 
on  board  the  Argo  had  been  supplied  with  water  from  a  marsh,  which  had  a 
disagreeable  taste  and  odour ;  the  crew  of  the  Argo  had  pure  water.  The 
evidence  seems  here  as  nearly  complete  as  could  be  wished.* 

Oile  very  important  circumstance  is  the  rapidity  of  development  of  the 
malarious  disease  and  its  fatality  when  introduced  in  water.  It  is  the  same  i 
thing  a9  in  the  case  of  diarrhoea  and  dysentery.  Either  the  fever-making 
cause  must  be  in  larger  quantity  in  the  water,  or,  what  is  equally  probable, 
must  be  more  readily  taken  up  into  the  circulation  and  carried  to  the  spleen, 
than  when  the  cause  enters  by  the  lungs. 

In  opposition,  however,  to  all  these  statements  must  be  placed  a  remark  of 
Finke'sf  that  in  Hungary  and  Holland  marsh  water  is  daily  taken  without 
injury.  But  in  Hungary,  Dr  Grosz  states  that,  to  avoid  the  injurious  effects 
of  the  marsh  water,  it  is  customary  to  mix  brandy  with  it,  "  a  custom  which 
favours  hypertrophies  of  the  inner  organs."  J  Professor  Cislin,  of  the  Val  de 
Grftce,  who  is  so  well  known  for  his  researches  on  intermittent  fever,§  is  also 
inclined  to  question  the  production  of  paroxysmal  fevers  by  marsh  water. 
He  cites  numerous  cases  in  Algiers  and  Italy,  where  impure  marsh  water  gave 
rise  to  indigestion,  diarrhoea,  and  dysentery,  but  in  no  case  to  intermittent 
fever,  and  in  all  his  observations  he  has  never  met  with  an  instance  of  such 
an  origin  of  ague.  He  therefore  denies  this  power,  and  in  reference  to  the 
celebrated  case  of  the  Argo,  without  venturing  to  contest  it,  he  yet  views  it 
with  suspicion,  and  questions  whether  Boudin  has  given  the  exact  details. 

An  instructive  case,  however,  is  recorded  by  Surgeon-major  Faught  (Army 
Medical  Eeports,  vol.  xvii.  p.  2 1 2).  The  artillery  quartered  at  TUbury  Fort  (in 
the  Gravesend  district)  have  generally  suffered  more  or  less  from  ague,  whilst 
the  people  at  the  railway  station,  and  the  coastguard  and  their  families  in  the 
ship  lying  just  outside  the  fort,  never  suffer  from  malarious  poisoning.  The 
troops  have  been  supplied  with  drinking  water  from  two  underground  tanks 
which  receive  rain-water  from  the  roof  of  the  barracks,  whilst  the  other 
persons  above  mentioned  draw  their  drinking-water  from  a  spring  near  the 
railway  station.  From  December  1873  to  July  1874  the  troops  were  supplied 
from  the  same  source,  on  account  of  the  barrack  tanks  being  out  of  repair. 
The  following  table  shows  the  returns  of  sickness  : — 


*  Ritter,  Hirsch  in  Jahresb.  fiir  gen.  Med.  for  1860,  p.  192. 
+  0e8terlen'8  Handb.  der  Hygiene.    2d  edit.  1857,  p.  129 ;  footnote, 
t  Quoted  byWutzur,  Reise  in  den  Orient.     Europas,  band  i.  p.  101. 

§  De  ringestion  dee  eanz  Mar^cagenses  comme  cause  de  la  Dysent^rie  et  des  Fi^vres  Inter- 
mittenteS;  par  L.  Colin,  Paris  1872. 
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The  analyses  of  the 
waters  showed  that 
the  taoks  were  ex- 
posed    to    MMikage 
from  ihe  nirroiiBd- 
ing  salt  manh,  for 
the   so-called  rain- 
water yielded   41 « 
grains  per  gallon  of 
total  souds  in  the  one 
case,  and  14«'36  In 
the  other,  the  chlo- 
rine   being    respec- 
tlrely  19-8  and  88-9. 
The    station    water 
gave  88  grains  total 
solids  and  only  8*8  of 
chlorinei  As  regards 
organic  matter,  the 
tank  waters  showed 
actually  less  imparity 
than     the     station 
water  by  the  ammo- 
nia method,  but  by 
the     permanganate 
method  they   were 
three  times  as  im- 
pure. For  full  details 
and  for  the  micro- 
scopic examination, 
see  the  original  paper. 
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Jan.  to  Jane. 
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Water 
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tion. 

Water 
fh>m  bar- 
rack tanks. 

*  This  case  was  in  hospital  only  Are  davs :  it  occurred  only  a  few  days  after  the  arriral  of  the  battery, 
t  Vone  of  tbese  had  ever  had  ague  before ;  two  had  to  be  sent  on  furlough,  being  much  debilitated  by 


Typhoid  Fever. 

The  belief  tliat  typhoid  fever  can  spread  by  means  of  water  as  well  as  air 
appears  to  he  quite  of  modem  origin,  though  some  epidemics,  such  as  the 
•'Schleim-fieber"  of  Gottingen  in  1760,  were  attributed  in  part  to  the  use  of 
impure  water.  In  1822,  Walz  affirmed  that  an  outbreak  of  "typhus" 
(typhoid)  at  Saarlouis,  in  Rhenish  Prussia,  was  caused  by  impure  water ;  and 
in  1843,  Miiller  discovered  that  129  cases  of  typhus  abdominalis  (typhoid), 
and  21  deaths,  which  occurred  in  the  garrison  at  Mayence,  were  produced  by 
faecal  matter  passing  into  the  drinking  water,  which  had  a  disagreeable,  putrid 
smelL  In  1848,  E.  A.  W.  Richter  published  an  account  of  an  outbreak  of 
the  same  kind  which  occurred  in  a  school  at  Vienna,  from  the  contents  of  a 
sewer  passing  into  the  drinking  water.*  In  1852,  Dr  Austin  Flintf  published 
the  particulars  of  a  similar  outbreak  of  typhoid  fever  at  the  hamlet  of  North 
Boston  (Erie,  U.S.)  in  1843. 

In  1862-53,  a  severe  outbreak  of  typhoid  fever  took  place  at  Croydon,  and 
was  thoroughly  investigated  by  many  competent  observers ;  and  it  was  shown 
by  Dr  Carpenter  of  Croydon  that  it  was  partly,  at  any  rate,  spread  by  the 
poHntion  of  the  drinking  water  from  the  contents  of  cesspools. 

In  1856,  DrRouthJ  published  a  casein  which  the  evacuations  of  a  typhoid 
patient  were  thrown  into  a  closet,  the  pipe  of  which  passed  directly  into  the 
cistern  of  the  drinking  water,  in  a  well-ventilated  house  at  Hastings.  No 
less  than  eight  persons  were  affected  with  more  or  less  typhoidal  symptoms ; 
many  of  these  had  not  been  brought  into  any  personal  contact  with  the  sick 
person. 

In  1859,  Dr  "W.  Budd§  published  two  very  conclusive  cases,  in  which  well 
water  was  contaminated  by  sewaga 

*  AU  these  cases  are  related  by  Bieeke  in  bis  excellent  work  "  Der  Kreigs  und  Friedens- 
Typhufi."    Noidhausen,  1850,  pp.  44-68. 

•f  Clinical  Reports  on  Continued  Fever.    By  Austin  Flint,  M.D.    Buffalo,  1852,  p.  880. 
t  Faecal  Fermentation  as  a  Cause  of  Disease.    Pamphlet    Lend.  1056,  p  34. 
§  Lancet,  Oct.  29, 1859,  p  482. 
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There  is  no  satisfactory  evidence  that  typhoid  stools  had  been  in  the  sewage 
matter,  but  their  presence  is  not  excluded.  I  learn,  from  personal  communi- 
cation with  Dr  Budd,  that  he  has  long  been  convinced  of  the  occasional  pro* 
pagation  of  typhoid  fever  in  this  way. 

In  1860,  an  outbreak  of  typhoid  fever  occurred  at  the  Convent  of  Sisters 
of  Charity  at  Munich.  31  persons  out  of  120  were  attacked  between  the  15th 
September  and  the  4th  of  October,  with  severe  illness,  and  14  of  these  cases 
were  true  typhoid ;  4  died.  The  cause  was  traced  to  wells  impregnated  with 
much  organic  matter  (and  among  other  things  typhoid  dejections),  and  con- 
taining nitrates  and  lime.  On  the  cessation  of  the  use  of  this  water,  the  fever 
ceased.* 

The  propagation  of  typhoid  fever  in  Bedford  would  certainly  appear,  from 
Mr  Simon's  report,!  to  have  been  partly  through  the  medium  of  the  water. 

Dr  Schmitt  X  has  for  several  years  paid  particular  attention  to  this  point, 
and  in  1861  published  several  very  striking  cases. 

A  case  bearing  on  the  same  point  was  brought  before  the  Metropolitan 
Officers  of  Health  in  1862,§  by  Mr  Wilkinson  of  Sydenham.  In  this  case 
the  water  was  contaminated  by  absorption  of  sewer  gases. 

In  1862,  a  very  sudden  and  severe  outbreak  of  typhoid  in  a  barrack  at 
Munich  was  traced  to  water  impregnated  with  faecal  matter ;  on  ceasing  to  use 
the  water,  the  disease  disappeared.  ||  In  1865  a  very  remarkable  outbreak 
of  typhoid  occurred  at  Eatho,  in  Scotland,  and  was  traced  to  drinking  water 
contaminated  with  sewage. U  In  1866  typhoid  fever  broke  out  in  a  girls' 
school  at  Bishopstoke,  near  Southampton,  and  was  traced  imequivocally  to 
the  bursting  of  a  sewer  pipe  into  the  welL  The  water  was  disa^^^eeable  both 
to  smell  and  taste.  17  or  18  persons  were  affected  out  of  26  or  28.  Several 
very  striking  instances  are  recorded  in  Mr  Simon's  Eeports  by  Drs  Seaton, 
Buchanan,  and  Thome,**  and  in  some  of  these  cases  analyses  of  the  water  were 
made,  which  showed  it  to  be  impure,  and  to  contain  organic  sewage,  or  its 
derivatives.  A  very  good  case,  at  the  Garnkirk  works  in  Glasgow,  is  recorded 
by  Dr  Perry,  ft  ^^  ^^  Kenzy,  the  Sanitary  Commissioner  of  the  Punjab,  has 
also  published  a  remarkable  paper  on  the  extinction  of  typhoid  fever 
in  Millbank  prison,  and  shows,  from  the  statistics  of  many  years,  that  the 
fever  has  entirely  disappeared  since  the  use  of  Thames  water  was  given  up ; 
the  disappearance  was  coincident  with  the  change  in  the  water  supply.     Two 

*  Edinburgh  Medical  Joarnal^  Jan.  1862,  p.  1153.  See  also  Gietl,  Die  Unachen  dee  Enter. 
Typhus  in  Mlinchen,  1865,  p.  58. 

+  Third  Report  of  the  Medical  Officer  of  the  Priyy  Council,  1860. 

:{;  Jonm.  de  Med.  de  Bruxelles,  Sept.  1861 ;  and  Canstatt's  Jahresb.  for  1861,  band  iv.  pp. 
182, 183.    See  the  2d  edition  of  this  work  for  a  short  account  of  them. 

§  British  Medical  Journal.  March  1,  1862. 

II  Gietl,  Die  Ursachen  des  Ent.  Tjrpl^us  in  Mtinchen.  1865,  p.  62.  In  this  little  book  is 
much  evidence  to  show  the  propagation  of  typhoid;by  foul  water  and  by  deficient  arrangements 
for  removal  of  excreta,  as  well  as  many  instances  of  the  carrying  of  the  disease  from  place  to 
place,  analogous  to  those  narrated  by  Bretonneau  many  years  ago. 

If  Edin.  Med.  Joum.  Dbc  1865.  In  this  case  a  p^room  came  to  the  house  ill  with  t3rphoid 
from  Dundee,  and  thus  introduced  the  disease.  This  fact  was  communicated  to  me  by  a  rela- 
tion of  the  owner  of  the  house, 

*•  Dr  Seaton's  Report  on  Tottenham  (Report  of  Medical  OflBoer  to  the  Privy  Council  for 
1866,  p.  215).  Dr  Buchanan  on  Guildford  (Ibid,  for  1867,  p.  84) ;  Dr  Thome^s  Report  on 
Terlin^  (Ibid.  p.  41) ;  Dr.  Buchanan's  Report  on  Wiclcen-Bonant  (12th  Report,  p.  72).  In  all 
these  instances  the  evidence  reaches  the  highest  degree  of  probability,  and  in  the  cases  of 
Guildford  and  Wicken-Bonant  of  almost  absolute  certainty.  See  also  Report  on  Sherborne  by 
Dr  Blaxall ;  on  Caius  College,  Cambridge,  by  Dr  Buchanan  (both  in  No.  iL  new  series) ;  on  Lewes 
by  Dr  Thome  (No.  iv.  new  series) ;  also  the  case  of  Over-Darwen  (Sanitary  Record,  1875) ;  ca.«ie 
given  by  Dr  Stallard  (Lancet,  Feb.  1872) ;  Dr  Barclay's  Reports  on  Bangalore  (Army  Med. 
Reports,  vol.  xiii  p.  208).  Geissler  also  quot^  from  Hagler  a  very  strong  case  oocnrrinir  at  Lansdn. 
Schmidt's  Jahrb.  1874,  Na  2,  p.  185).  *  ^^ 

tt  Lancet,  June  1868. 
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excellent  caseB  are  recorded  by  Dr  Clifford  Allbutt*  and  one  by  Dr  Wohlrab, 
which  are  free  from  ambiguity,  t  A  very  good  case  is  recorded  by  Dr  Latham.  J 
Typhoid  was  inlsoduGed  into  a  yiUage  and  spread  by  the  agency  of 
contaminated  drinking  water.§ 

That  water  may  be  the  medium  of  propagating  typhoid  thus  seems  to  be 
proved  by  sufficient  evidence ;  and  it  has  been  admitted  by  men  who  have 
paid  special  attention  to  this  subject,  as  Jenner,  W.  Budd,  and  Simon.  It 
does  not  seem  unlikely,  indeed,  that  this  mode  of  spreading  will  be  found  to 
be  far  more  common  than  is  supposed.  || 

Two  questions  arise  in  coimection  with  this  subject — 

1.  As  typhoid  fever  undoubtedly  spreads  also  through  the  air.  What  is  the 
proportion  of  cases  disseminated  by  water,  as  compared  with  those  disseminated 
by  air  1     No  answer  can  yet  be  given  to  this  question.  II 

There  is  one  point  of  some  interest  When  the  dates  of  attack  are  given, 
it  is  curious  to  observe  how  short  the  incubative  period  appears  to  be ;  while 
it  is  probable  that  it  takes  many  days  (8  to  14)  after  the  typhoid  poison  has 
entered  with  the  air  before  the  early  malaise  comes  on,  in  some  of  the  cases 
of  typhoid  brought  on  by  water,  two  or  three  days  only  elapse  before 
the  symptoms  are  marked.** 

A  very  large  number  also  of  the  susceptible  persons  who  drink  the  water 
are  affected. 

2.  Will  decomposing  sewage  in  water  produce  typhoid  fever,  or  must  the 
evacuations  of  a  typhoid  patient  pass  in )  This  is  part  of  the  larger  question 
of  the  origin  and  propagation  of  specific  poisons.  It  is  certainly  remarkable, 
in  the  range  of  cases  recorded  by  Schmitt^  how  uniformly  the  possibility  of 
the  passage  of  typhoid  stools  is  disregarded.  Everything  is  attributed  to  faecal 
matters  merely.  A  case  recorded  by  Dr  Downes,tt  ^  which  six  cases  of 
typhoid  resulted  from  the  overflow  of  non-typhoid  sewage  into  a  well,  supports 
this  view.  On  the  other  hand,  in  the  cases  recorded  by  Allbutt  and  Wohlrab 
already  referred  to,  contaminated  water  had  been  used  for  some  time  without 
producing  typhoid  fever.  Persons  affected  with  typhoid  enteric  fever  then 
entering  the  place,  their  discharges  passed  into  the  drinking  water,  and 
then  an  outbreak  of  typhoid  followed.  An  extremely  strong  case  is  given 
by  BaUanL  X  X  Very  polluted  water  had  been  used  for  years  by  the  inhabitants 
of  the  village  of  Nunney  without  causii^  fever,  when  a  person  with  enteric 
fever  came  from  a  distance  to  the  village,  and  the  excreta  from  this  person 

*  See  my  Report  on  Hyviene,  Anny  Med.  Dept.  Blae  Book,  1860.  p.  23. 

t  ArchiT.  derHeilk.  vot.  xil  p.  134(1871). 

I  Lancet,  July  15, 1871. 

§  A  lemarkable  case  is  reported  by  Dr  Znckschwerdt  occurring  in  tlie  orpban  asylum  at  Halle 
in  1871.  Also  by  Dr  Burkart  at  Stnttgart,  at  Beinhartsdorf  in  Switzerland  and  at  Schandan, 
all  distinctly  traceable  to  impnre  water.    (Scbmidt's  "Jahrbticber"  1874.) 

It  Kermer  from  an  analysis  of  ISOO'cases  cites  evidence  of  water  carriage  (Schmidt's  Jahrb. 
1873,  No.  8,  p.  195). 

%  Mr  Simon  in  lus  2d  Beport,  new  series,  gives  a  table  of  146  outbreaks  investigated  by  his 
officers  in  1870-3  (4  years),  in  all  of  whion  great  exoremental  poUution  of  air  or  water,  or 
genemlly  of  both,  was  found. 

**  Dr.  W  Bndd  says,  in  a  letter  to  me^''  In  the  cases  in  which  the  ]X)i8on  is  conveyed  by 
water,  infection  seems  to  be  much  more  certain  ;  and  I  have  reason  to  think  that  the  period  of 
incubation  is  materially  shortened.  An  illustration  of  this  seems  to  be  furnished  by  the 
memorable  outbreak  which  occured  at  Cowbridge  some  years  ago,  and  which  presented  this 
unexampled  fact :  that  out  of  some  90  or  100  persons  who  went  to  a  race  ball  at  the  principal 
inn  there,  more  than  one-third  were  within  a  short  time  laid  up  with  fever.  In  tnis  case 
there  was  satisfactory  reason  to  think  that  the  water  was  contammated,  though  there  was  no 
dhemical  examination.'*  In  the  attack  at  Guildford,  however,  the  incubative  period  was  not 
shortened,  as  Dr  Buchanan  calculates  it  at  11  days. 

+t  Lancet,  27th  April,  1872. 

^  Beport  to  the  Local  Government  Board  on  an  outbreak  of  enteric  fever  at  Nunney,  Sept 
187i 
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were  washed  into  the  stream  supplying  tlie  village.  Between  June  and 
October  1872,  no  less  than  76  cases  occurred  out  of  a  population  of  832 
persons.  All  those  attacked  diank  the  stream  water  habitually  or  occasionally. 
All  who  used  filtered  rain  or  well  water  escaped,  except  one  family  who  used 
the  water  of  a  well  only  4  or  5  yards  from  the  brook.  The  case  seems  quite 
clear — first,  that  the  water  caused  the  disease;  and  secondly,  that  though 
polluted  with  excrement  for  years,  no  enteric  fever  appeared  until  an  imported 
case  introduced  the  virus.  Positive  evidence  of  this  kind  seems  conclusive, 
and  I  think  we  may  now  safely  believe  that  the  presence  of  typhoid  evacua- 
tions in  the  water  is  necessary.  Common  feecal  matter  may  produce  diarrhoea^ 
which  may  perhaps  be  febrile,*  but  for  the  production  of  enteric  fever  the 
specific  agent  must  be  present  The  opinion  that  the  stools  of  typhoid  are 
the  especial  carriers  of  the  poison  was  firsts  I  believe,  explicitly  stated  by 
Canstatt,t  and  has  been  also  ably  argued  by  W.  Budd. 

Cholera, 

Few  of  the  earlier  investigators  of  cholera  appear  to  have  imagined  that  the 
specific  poison  might  find  entrance  by  the  means  of  drinking  water.  There 
is  an  intimation  of  the  kind  in  a  remark  by  Dr  Muller  :|  and  Jameson,  in  the 
Bengal  Eeport  of  1820,  alludes  to  the  effect  of  impure  water,  but  in  a 
cursory  way. 

In  1849  the  late  Dr  ©now,  in  investigating  some  circumscribed  outbreaks 
of  cholera  in  Horsleydown,  Wandsworth,  and  other  places,  came  to  the  con- 
clusion that,  in  these  instances,  the  disease  arose  from  cholera  evacuations 
finding  their  way  into  the  drinking  water.  Judging  from  the  light  of  sub- 
sequent experience,  it  now  seems  extremely  probable  that  this  was  the  case, 
and  to  Dr  Snow  must  certainly  be  attributed  the  very  great  merit  of  discover- 
ing this  most  important  fact  At  first,  certainly,  the  evidence  was  defective,§ 
but  gradually  fresh  instances  were  collected,  and  in  1854  occurred  the 
celebrated  instance  of  the  Broad  Street  pump  in  London,  which  was  investi- 
gated by  a  committee,  whose  report,  drawn  up  by  Mr  John  Marshall,  of 
University  CoDege,  with  great  logical  power,  contains  the  most  convincing 
evidence  that,  in  that  instance,  at  any  rate,  the  poison  of  cholera  found  its 
way  into  the  body  through  the  drinking  water.  || 

In  1855  Dr  Snow  published  a  second  edition  of  his  book,  giving  an 

*  A  good  instance  u  given  by  Mr  R.  Bond-Moore  (London  Medical  Record,  May  27>  1874, 
page  327)  as  occurring  at  Sedgley  Park  school.  Two  years  previously  the  water  supply  became 
contaminated  with  ordinary  sewage,  but  no  typhoid  fever  resulted,  although  there  was 
diarrhoea,  sickness,  great  languor,  and  great  prostration.  The  leaking  drun  was  repaired 
and  the  attack  ceased.  Two  years  after,  typhoid  was  introduced  by  one  of  the  boys  and  spread, 
apparently  by  the  use  of  the  closets. 

+  *'WahrBchein1ich  siod  die  Exhalationen  das  Krankes,  seine  Excremente,  vielleickt  die 
typhdsen  AftergebUde  im  Darme,  die  Trager  des  Contagiums." — Canstatt,  Spec,  Path,  vnd 
Ther.  2d  edit,  band  ii.  p.  572  (1847). 

X  Einige  Bemerkungen  liber  die  Asia!  Cholera.    Hanover,  1848,  p.  86. 

§  There  seemed  at  once  an  a  priori  argument  adverse  to  this  view,  as,  at  that  time,  all 
evidence  was  against  the  idea  of  cholera  evacuations  being  capable  of  causing  the  disease. 
They  had  been  tasted  and  drunk  (in  1832)  by  men,  and  been  given  to  animads,  without  effect. 
Persons  inoculated  themselves  in  dissections  constontly,  and  bathed  their  hands  in  the  fluids 
of  the  intestines ;  in  India  the  pariahs  who  remove  excreta,  and  everywhere  the  washerwomen 
who  washed  the  clothes  of  the  sick,  did  not  especially  suffer.  And  to  these  arguments  mnst 
be  added  the  undoubted  fact,  that  there  were  serious  deficiencies  of  evidence  in  Dr  Snow's 
early  cases.  (See  review  by  the  author  in  the  British  and  Foreign  Medical  Chirurgical  Re- 
view, April  1855.) 

II  Report  on  the  Cholera  Outbreak  in  St  James's  Westminster,  in  1854.  London,  Churchill, 
1855.  Every  point  is  discussed  in  this  report  with  a  candour  and  precision  which  leaves 
nothing  to  be  desired.  For  further  evidence  on  this  outbreak,  see  Indian  Suiitary  Report : 
evidence  of  Dr  Dundas  Thomson,  p.  272. 
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account  of  all  the  cases  liitlierto  known,  and  adding  some  evidence  also  as  to 
the  introduction  in  this  way  of  other  specific  poisons.* 

The  facts,  at  present^  may  he  hiiefly  summed  up  as  follow : — 

1.  Local  outhreaks,  in  which  contamination  of  the  drinking  water  was 
either  proved  or  in  which  the  evidence  of  the  origin  and  succession  of  cases 
seemed  to  make  it  certain  that  the  cause  was  in  the  drinking  water.  In 
England,  Dr  Snow  and  others  have  thus  recorded  cases  occurring  in  1849  and 
1854  at  Horsleydown,  Broad  Street,  Wandsworth,  "West  Ham,  &c.  In  1865 
the  important  outhreak  at  Newcastle-on-Tyne,t  when  all  the  circumstances 
pointed  Tery  strongly  to  the  influence  of  the  impure  Tyne  water.  In  1865 
occorred  the  remarkahle  and  undouhted  case  of  water  poisoning  at  Theydon 
Bois,  recorded  hy  Mr  Eadcliffe,|  and  in  the  following  year  the  violent  outbreak 
in  the  East  of  London  was  supposed  to  be  connected  with  the  circulation  of 
impure  water  by  the  East  London  Water  Works  Company.  Much  discussion 
has  taken  place  as  to  the  real  influence  of  the  impure  water  which  it  is  admitted 
on  all  hands  was  used  Mr  Eadclifle§  and  Dr  Farr||  have  collected  the 
evidence  in  favour  of  the  opinion  that  the  sudden  outburst  was  really  owing 
to  this  water ;  while  Dr  Letheby  and  some  others  have  expressed  doubts  on 
this  point,  chiefly  on  account  of  the  difficulty  of  reconciling  with  the  hypothesis 
certain  exceptional  cases  both  of  immunity  and  of  attack.  To  me  the  evi- 
dence in  favour  of  the  water  being  the  cause  appears  extremely  strong,  and 
far  greater  difficulty  arises  if  that  view  is  not  received  than  is  caused  by  the 
exceptional  cases  referred  to,  and  of  which  we  may  not  know  all  the  particu- 
lars. In  the  same  year  (1866)  an  apparently  unequivocal  case  of  production 
of  cholera  by  the  drinking  water  of  a  tank  on  board  a  steamer  occurred 
at  Southampton,  and  I  have  recorded  the  particulars  in  the  Eeport  of  the 
Medical  Officer  to  the  Privy  Council  for  1866.11 

A  very  striking  case  at  Utrecht  is  noticed  by  Snellen,  and  is  given  by  Dr 
Ballot^  of  Eotterdam,  who  has  adduced  much  strong  evidence  on  the  influence 
of  the  foul  water  in  Holland  in  spreading  cholera.** 

During  the  epidemic  in  1866,  except  in  the  East  London  case,  no  such 
striking  instances  of  local  outbreak  from  water  contamination  were  recorded 
as  in  1849,  but  there  were  in  some  parts,  and  especially  in  Scotland,  as  noticed 
by  Dr  Stevenson  Macadam,  ff  very  striking  coincidences  between  the  abate- 
ment of  the  disease  and  the  introduction  of  a  fresh  and  pure  supply. 

In  Grermany  choleraic  water-poisoning  has  not  only  been  less  noticed,  but 
the  great  authority  of  Pettenkofer  is  against  its  occurrence.  At  Munich, 
PettenkoferJJ  could  find  no  evidence  whatever  in  favour  of  the  spread  by 
water;  and  Giinther,  in  his  careful  work  on  Cholera  in  Saxony,^  asserts  that 

*  On  the  mode  of  Communication  of  Cholera.  By  John  Snow,  M.D.  London,  Churchill, 
ad  edition,  1855. 

t  For  foU  particalars,  see  Dr  Farr^s  Report  on  Cholera  in  England,  1866,  p.  33. 

t  Report  of  the  Medical  Officer  to  the  Privy  Council  for  1865  (Eighth  Report),  p.  438. 

§  Report  of  the  Medical  Officer  to  the  Privy  Council  for  1866,  p.  266. 

H  Report  on  the  Cholera  Epidemic  of  1866  in  England.  Supplement  to  the  29th  Annual 
Report  of  the  Rcffistrar-Genenu,  1868. 

f  Report  of  Medical  Officer  to  Privy  Council  for;i866,  p.  244.  In  this  case  the  water  was 
foul  tasted,  and  was  certainly  contaminated  with  sewage. 

**  Medical  Times  and  Gazette,  May  1869.  Thus  it  was  found  that  those  who  drank  the. 
water  of  the  Polders  (reclaimed  lands)  died  at  the  rate  of  17*7  per  1000 ;  those  who  drank  the 
well-water,  18-8  per  1000 ;  those  who  drank  river- water  11*9  per  1000 ;  those  who  drank  nan- 
water  filtered,  only  5'd  per  1000.  The  citv  of  Amsterdam  itself,  supplied  hy  an  aqueduct 
with  rain-water  from  the  downs  near  Haarlem  had  only  4  per  1000.  In  Rotter iam  during 
the  epidemic  the  mortality  fell  to  one-half  immediately  on  pure  water  being  supplied  in  the 
atreets.     (See  paper  by  J.  C.  Jaeger.) 

•H  Transactions  of  the  Royal  Scottish  Society  of  Arts,  vol.  vii.  p.  341  (1867). 

tt  Zeitsch,  filr  Biol.,  band  i.  p.  353. 

S  Die  IniUsche  Cholera  in  Sachsen  Im  Jahre.  1865,  p.  125. 
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no  influence  whatever  was  exerted  by  drinking  water.  No  evidence  could  be 
obtained  either  in  Baden  or  in  villages  near  Vienna.*  And  as  in  all  cases  the 
observers  were  not  only  quite  competent,  but  were  fully  cognizant  of  the 
opinions  held  in  England,  this  negative  evidence  is  of  great  weight  At  the 
same  time,  it  cannot  be  allowed  to  outweigh  the  English  cases,  and,  moreover, 
even  in  Germany  some  positive  evidence  has  been  lately  given.  Dr  Richterf 
attributes  a  preponderant  influence  in  a  local  outbreak  among  the  workmen  of 
a  sugar-manufactory  to  the  pollution  of  the  drinking  water  by  sewage ;  and  a 
still  more  striking  case  is  recorded  by  Dr  Dinger,!  in  which  the  discharges  of 
a  cholera  patient  passed  into  a  brook,  in  which  also  the  clothes  were  washed ; 
the  water  of  this  brook  being  used  for  drinking,  there  was  a  sudden  and  very 
fatal  outbreak  aflecting  the  persons  who  took  the  water. 

In  India  the  evidence  for  cholera  water  poisoning  is  at  present  become  very 
strong.  The  great  cholera  outbreak  of  1860  and  1861  was  attributed  by  some 
medical  officers  to  the  defilement  of  the  tank  water  "  into  which  the  general 
ordure  of  the  natives  is  washed  during  the  rainy  season ; "  §  and  stiU  more  re- 
cently, what  appears  to  be  a  striking  instance  has  occurred.  No  one  can  read 
the  able  account  given  by  Dr  Cuningham  and  Dr  Cutlifle  in  the  Bengal 
Report  for  1867||  of  the  appearance  of  cholera  among  the  vast  crowd 
of  pilgrims  after  the  great  bathing  day  at  Hurdwar,  without  coming  to  the 
conclusion  that  it  was  a  case  of  water  poisoning  on  a  gigantic  scale.  H 

That  in  India  the  cholera  poison  is  often  carried  by  water  appears  probable, 
not  only  from  the  Hurdwar  outbreak,  but  from  the  very  sudden  and  violent 
outbreaks  and  the  great  sewage  contamination  in  the  water  of  many 
districts.** 

In  Central  India  Dr  Townsend  has  given  strong  reasons  for  believing  that 
the  cholera  of  1868-9  was,  to  a  large  extent^  dependent  on  water-fouling. 
(See  Report  on  Cholera  in  the  Central  Provinces.)  Dr  Macnamara  (on  Asiatic 
Cholera,  1870)  has  given  some  good  evidence  on  the  same  side  (see  pp.  328, 
et  8eq.)j  and  Dr  Cleghom  (Indian  Medical  GazetUy  March  1872)  has  noted 
some  striking  proofs  of  the  same  fact  ft 

So  also  in  other  countries;  the  attack  which  caused  such  losses  to 
the  French  Division  in  the  Dobrudscha  m  1855,  when  the  weUs  were  sup- 
posed to  be  poisoned,  and  to  the  English  cavalry  at  Devna,  j:|  the  water  was 
apparently  the  means  of  carrying  the  disease. 

In  evidence  of  this  kind  we  must  remember  that  each  successive  instance 
adds  more  and  more  weight  to  the  instances  previously  observed,  until,  from 

♦  Vole  and  Witlacil,  quoted  by  Hirsch  in  Jahresb.  der  gen.  Med.  for  1867,  band  ii.  p.  221. 

+  Archiv  der  Heilk,  lS67,  p.  472.  +  Ibid.  1867,  p.  84. 

§  M* William,  Epidem.  Society  Trans.  voL  i.  p.  274. 

II  Report  of  the  Sanitary  Commissioners  with  the  Government  of  India  for  1867.  Calcutta. 
1868, 

%  Dr.  J.  M.  Cuningham  has,  howeTer,  since  renounced  the  theory  of  the  water  carriage  of 
cholera. 

**  Vide  Beport  on  the  Sanitary  Administration  of  the  Punjanb  for  1867,  and  subsequent 
years,  by  A.  C.  C.  De  Renssy,  Esq.    (Cases  of  Peshawur  and  Amritzur.) 

•H'  See  also  the  remarkable  case  of  the  Yerranda  gaol,  reported  by  Surgeon-Major  H.  Blanc 
Out  of  1279  prisoners  there  were  24  cases  of  cholera  m  5  days,  with  8  deaths.  Of  those  22  cases 
occurred  among  134  prisoners  employed  as  a  road-gans,  and  only  2  among  all  the  others 
variously  employed.  It  was  shown  that  the  road-gang  alone  drank  of  water  from  the  Mootla 
River,  a  little  below  the  spot  where  the  clothes  of  two  cholera  patients  from  the  village  had 
been  vrashed  and  their  bodies  burnt  a  few  days  before.  The  rest  of  the  prisoners  drank  the 
U8nal  water  supply  laid  on  firom  a  lake  near  Poouah.  In  the  two  cases  among  those  otherwise 
employed  direct  infection  was  undoubted  in  one,  as  he  attended  on  cholera  patients,  and,  con- 
trary to  orders,  took  his  meals  in  the  cholera  ward,  and  drank  water  that  bad  been  standmg 
there ;  the  other  man  slept  near  one  of  the  first  cases,  the  patient  vomiting  in  his  immediate 
vicinity. 

^  I  derive  this  information  fh>m  a  MS.  essay  ol  Dr  CatteU. 
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the  mere  aocimralation  of  casdB,  the  cogency  of  the  argamdnt  hecomeft 
iiie6istibl& 

2.  The  evidence  derived  from  such  local  oatbieaks  ib  supported  by  that 
drawn  from  the  history  of  more  general  attacks,  in  which  districts  supplied 
with  impure  water  by  a  water  company  have  suffered  greatly,  while  other 
districts  in  the  same  locality,  and  presenting  otherwise  the  same  conditions, 
were  supplied  with  pure  water,  and  suffered  very  little.  Thus  the  Eeglstrar- 
General  has  shown,  that  the  districts  supplied  in  1853,  part  by  the  Lambeth 
Company  with  a  pure  water,  and  part  by  the  Southwark  Company  with  an 
impure  water,  suffered  much  less  than  the  districts  supplied  by  the  latter 
company  alone  (the  proportion  was  61  and  94  cases  respectively  to  100,000 
of  population).  Schiefferdecker,  in  Eonigsbeig,  has  also  given  evidence  to 
show  the  different  extent  in  which  districts  in  the  same  city  supplied  with 
pure  and  impure  water  suffer.* 

In  Berlin,  in  1866,  ui  the  houses  supplied  with  good  water  the  number  of 
houses  in  which  cholera  occurred  was  36*6  per  cent ;  in  the  houses  with  bad 
water  was  52*3  per  centf 

3.  Additional  arguments  can  be  drawn  from  instaucee  in  which  towns 
which  could  not  have  had  water  contaminated  with  sewage  have  escaped,  and 
iDstances  in  which  towns  which  have  suffered  severely  in  one  epidemic  have 
escaped  a  later  one,  the  only  difference  being  that,  in  the  interval,  the  supply 
of  water  was  improved.  Exeter,  Hull,  Newcastle-on>Tyne,  Glasgow,  and 
Moscow  are  instances  of  this.  Two  very  good  cases  are  related  by  Dr  Acland.  X 
The  parish  of  St  Clement  was  supplied  in  1832  with  filthy  water  from  a 
sewer-receiving  stream.  In  1849  and  1854  the  water  was  from  a  purer  source. 
In  the  first  year,  the  cholera  mortality  was  great;  in  the  last  years,  in- 
significant  Two  jails  were  near  each  other ;  the  one  suffered,  the  other  did 
not ;  the  water  was  impure  in  one  case  from  drainage,  pure  in  the  other.  The 
jail  with  bad  water  having  got  a  fresh  supply,  the  cholera  did  not  appear  in 
the  next  epidemic.  In  Copenhagen  a  fresh  water  supply  was  introduced  in 
1859.  Although  cholera  had  prevailed  very  severely  there  previously,  in 
1865  and  1866  there  were  only  very  few  cases.  The  future  must  show  if 
this  exemption  was  owing  to  the  purer  water.§  In  Haarlem,  in  HoUand, 
diolera  prevailed  in  great  intensity  in  1849.  In  1866  it  returned,  and  again 
prevailed  as  severely  in  all  parts  of  the  town  except  one.  The  part  entirely 
exempted  in  the  second  epidemic  was  inhabited  by  bleachers,  who,  between 
1849  and  1866,  had  obtained  a  fresh  source  of  pure  water. || 

In  looking  back,  with  this  new  reading  of  facts,  it  would  seem  that  some 
older  reported  cases  of  sudden  cessation  of  cholera  can  be  explained,  such  as 
the  case  of  Breslau,  in  1832,  when  the  shutting  up  of  a  pump  was  followed 
by  the  very  rapid  decline  of  the  disease^  Doubtless,  however,  in  other  cases 
the  causes  of  the  cessation  are  different ;  heavy  rain,  by  cleansing  air  and 
aewers,  and  by  stopping  the  evolution  of  effluvia^  will  sometimes  as  suddenly 
arrest  cholera.  Most  important  evidence  is  given  by  Professor  Forster  of 
Breslau  (Die  Verbreitung  der  Cholera  durch  die  Brunnen,  Breslau,  1873). 
He  shows  that  five  towns  of  Silesia  (of  5000  to  12,000  inhabitants)  are 
entirely  free  from  cholera,  which  never  spreads,  even  when  introduced.  The 
only  common  condition  is  a  water  supply  from  a  distance  which  carmot  be 
contaminated.     In  Glogau  (13,000)  half  the  water  is  from  a  distance  and  half 

■       I  I  -,  -  I  .— ..„M II.  ■      nil I.  ...  Ill  '* 

**  See  Report  on  Hygiene,  Army  Med.  Bept  Report,  toL  zii.  p.  241, 

t  Die  Kanalination  von  Berlin,  1868^.  30. 

1  Cholera  in  Oxford  in  1864,  by  H.  W.  Acland,  M.D.,  p.  51. 

I  Homemann  in  Virchow^  ArcMv,  band  53,  p.  156. 

II  Ballot,  British  Med.  Journal,  April  1S69. 
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from  wells :  those  using  the  f onner  remain  free,  those  using  the  latter  are 
attacked  In  one  case  in  Breslau,  on  a  well  becoming  contaminated,  eleven 
persons  were  immediately  attacked.  Dantzig  and  Konigsberg  used  formerly 
to  suffer  equally:  Dantzig,  having  a  new  water-supply,  does  not  suffer; 
Konigsberg,  with  its  original  supply,  continues  to  do  so.* 

So  also  other  curious  facts  in  the  history  of  cholera  become  expUcable. 
The  prevalence  of  cholera  in  Russia,  with  an  out-door  temperature  below  zero 
of  Fahr.,  has  always  seemed  an  extraordinary  circumstance,  and  it  appeared 
only  possible  to  explain  by  supposing  that,  in  the  houses,  the  foul  air  and  the 
artificial  temperature  must  have  given  the  poison  its  necessary  conditions  of 
development  But  Dr  Routh  has  pointed  outf  that,  in  the  poorer  Russian 
houses,  everthing  is  thrown  out  round  the  dwellings ;  then  owing  to  the  cold, 
and  the  expense  of  bringing  drinking  water  from  a  distance,  the  inhabitante 
content  themselves  with  taking  the  snow  near  their  houses  and  melting  it  It 
is  thus  easy  to  conceive  that,  if  cholera  evacuations  are  thus  thrown  out,  they 
may  be  again  taken  into  the  body.  This  is  all  the  more  likely,  as  cholera 
stools  have  little  smell  or  taste,  and,  when  mixed  even  in  large  quantity  with 
water,  are  indetectable  by  the  senses. 

We  may  therefore  conclude  that  the  cholera  evacuations,  either  at  once  or 
after  undergoing  some  special  fermentative  or  transformation  change,  pass  into 
drinking  water  or  float  about  in  the  atmosphere.  In  either  case  they  are  re- 
ceived into  the  mouth  and  swallowed,  and  produce  their  effects  directly  on 
the  mucous  membrane,  or  are  absorbed  into  the  blood.  The  relative  frequency 
of  each  occurrence,  the  incubative  period,  and  the  severity  of  the  disease  pro- 
duced, are  points  still  uncertain. 

C.  Macnamara  states  (^'(Asiatic  Cholera,"  p.  330)  that  the  dangerous  period  is 
when  the  water  into  which  cholera  stools  are  passed  is  swarming  with 
vibriones,  and  that  when  ciliated  infusoria  appear  danger  is  over.  He  speaks 
strongly  on  this  point,  and  from  actual  experience. 

In  addition  to  the  production  of  cholera  from  drinking  water  containing  the 
cholera  stools,  it  has  been  supposed  that  the  use  of  impure  water  of  any  kind, 
predisposes  to  cholera,  though  it  cannot  absolutely  produce  the  disease.  Thei 
facts  already  quoted  on  the  influence  of  the  Lambeth  water  seem  to  supports 
this  view;  but  some  German  evidence  in  1866  does  not  favour  it|  If  the, 
water  acts  in  this  way,  it  can  only  be  by  causing  a  constant  tendency^ 
to  diarrhcea,  or  by  carrying  into  the  alimentary  canal  organic  matter  which! 
may  be  thrown  into  special  chemical  changes  by  a  small  quantity  of  choleraf 
poison,  which  has  been  introduced  with  air  or  food  and  swallowed. 

YellotD  Fever, 

As,  like  dysentery,  typhoid  fever,  and  cholera,  the  alimentary  mucouer 
membrane  is  primarily  affected  in  yellow  fever,  there  is  an  a  priori  proba- 
bility that  the  cause  is  swallowed  also  in  this  case,  and  that  it  may  possibly 
enter  with  the  driuking  water.  But  no  good  evidence  has  been  yet  brought 
forward 

Boudin§  quotes  a  case  from  Rochard  in  which  a  French  frigate  (in  1778) 
took  in  water  at  San  Jago,  where  yellow  fever  prevailed.     Some  days  after- 

*  In  India  also  similar  resnits  are  found.  CnUen  cites  the  case  of  Hnrda,  rendered  ft^ee  from 
cholera  by  improved  conditions  of  water  supply.  Payne  reports  that  the  new  water  supply  of 
Calcutta  has  had  the  strongest  effect  in  diminishing ;the  mortality  from  cholera.  See  ahio  the 
Beport  on  the  Cholera  in  America  in  1878,  for  casesaof  water  carnage. 

t  Faecal  Fennentation,  p.  24. 

±  See  Report  on  Hygiene,  Army  Medical  Dept  Report,  vol.  vii.  p.  352. 

t  TwitA  de  Geog.  et  de  Stot  Med.  1868,  tip.  141. 
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iraids  yellow  fever  broke  out  with  sucli  violence,  that  two-thirds  of  the  crew 
\reie  attacked.  *'  And  the  proof  that  the  only  cause  was  the  water/'  says 
Bochanl,  "was  that  the  pe^ns  Hying  with  the  captain  had  with  them  j.^ 
Med  with  water  from  Europe,  and  all  escaped."  Boudin  very  properly 
observes,  that  this  evidence  is  veiy  defective ;  but  yet  we  must  remember 
how  completely  the  propagation  of  maish  and  1?yphoid  fevers,  and  of  cholera 
by  water,  has  been  overlooked^  and  how  exactly  this  sudden  and  extensive 
attack  resembles  the  case  of  the  Argo. 

The  Earrack  Commissioners  have  also  directed  attention  to  the  fact  of  the 
great  impurity  of  the  water  at  Gibraltar  at  the  time  of  the  yellow  fever 
epidemic. 

The  other  2^ymotic  Diseases, 

Xo  decided  evidence  has  yet  been  given  that  any  other  of  the  specific 
diseases  are  propagated  in  this  way,  but  Dr  Macadam  has  brought  some  evi- 
dence to  show  that  erysipelas  and  throat  ulcer  may  have  a  water  origin,*  and 
Dr  Menzies  has  stated  that,  in  Naples,  cases  of  {Edinburgh  Med,  and  Sur, 
Jonmaly  Sept.  1872)  diphtheria  occurred,  which  he  thinks  were  caused  by 
contaminated  water.  The  evidence  is  not^  however,  at  present  sufficient  to 
pioye  thia 

4.  DISEASES  OF  THE  SKIN,  AND  SUBCUTANEOUS  TISSUES. 

A  curious  endemic  of  boils  occurred  in  the  vicinity  of  Frankfort  in  1848. 
It  was  confined  to  a  small  number  of  persons,  and  presented  favourable 
opportunities  for  investigation.  An  elaborate  inquiry  was  made  by  Dr 
Clemens,!  which  certainly  seems  to  indicate  that  the  complaint  was  caused 
by  drinking  water  containing  sulphuretted  hydrogen  gas^  which  was  set  free 
in  some  large  chemical  works,  and  was  washed  down  by  the  rains  into  the 
brooks  from  which  drinking  water  was  derived.  The  case  is  most  elaborately 
and  logically  argued,  but  it  certaiidy  seems  remarkable  that  other  instances  of 
the  same  kmd  should  not  have  been  observed,  especially  as  in  some  trades 
there  is  disengagement  of  large  quantities  of  SHj  into  the  atmosphere,  and  as 
the  drinking  of  sulphuretted  springs  is  so  common. 

The  peculiar  forms  of  boil  or  ulcer  common  in  many  cities  in  the  East  have 
been  in  some  cases  referred  to  the  water.  The  Aleppo  evil,  the  Damascus 
nicer,  and  some  other  diseases  of  an  analogous  kind,  which  have  the  peculiarity 
of  occurring  only  once  in  life,  are  possibly  more  connected  with  the  true  con- 
tagions I  but  the  unhealthy  boHs  or  ulcers  so  common  in  India,  especially  in 
the  north-west  and  along  the  frontier,  are  probably  connected  with  bad  water. 
The  so-called  Delhi  boil  has  much  decreased  in  frequency  since  the  waters  of 
the  Jumna  were  used  instead  of  the  impure  well  water,  |  but,  on  the  other 
hand,  Pleming's  observations  have  thrown  doubt  on  the  fact  of  the  water  being 
to  blame.§  With  regard  to  the  frontier  ulcers  in  India,  Dr  Alcock  (35th 
Begt)  has  given  some  curious  evidence,  which  seems  to  connect  them  with 
vegetable  detritus  and  the  evolution  of  sulphuretted  hydrogen. 

The  elephantiasis  of  the  Arabs  (the  so-called  Barbadoes  leg  or  Pachydermia) 

*  Trans,  of  the  Royal  Scottish  Society  of  Arts,  1867. 

+  Henle's  Zeitschrift  fur  Nat.  Med.  1849,  vol.  viii.  p.  215. 

t  See  Annual  Keport  of  San.  Com.  with  the  Govenunent  of  India  for  1867,  p.  178  (1868). 
Some  excellent  analyses  of  the  Delhi  waters  are  given  by  Dr  Sheppard  ;  vide  Dr  Macnauara's 
Second  and  Third  Beports  of  the  analyses  of  potable  waters  in  the  Bengal  Presidency.  Cal- 
eatta,  1868. 

S  The  later  observations  of  Drs  D.  Cnnningham  and  T.  Lewis  have  tended,  on  the  other  hand, 
to  weaken  thoee  of  Fleming,  and  to  show  that  the  water  is  probably  to  blame. 
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has  been  aacribed  to  organic  impurities  ijx  water,  but  on  no  very  atringent 
evidence. 

5.  DISEASES  OF  THE  BONE& 

Water,  impregnated  with  sulphurous  acid,  gives  rise  in  cattle  to  a  number 
of  serious  symptoms,  among  others  to  diseases  of  the  bones.  The  sulphurous 
acid  evolved  from  the  copper  works  at  Swansea  has  caused  numerous  actions 
on  account  of  the  loss  of  herbage  and  cattle.  Eoesignol*  states  that  water 
highly  charged  with  calcium  carbonate  and  sulphate  was  found  to  give  rise  to 
exostoses  in  horses ;  pure  water  being  given,  the  bones  ceased  to  be  diseased. 
Hard  water  is  said  to  make  horses'  coats  rough. 

6.  CALOULL 

It  has  long  been  a  popular  opinion  that  drinking  lime  waters  gives  rise  to 
calculi  (calcium  phosphate  and  oxalate).  Several  medical  writers  have  held 
the  same  opinion,  and  have  adduced  individual  instances  of  calculi 
(phosphatic  ])  being  apparently  caused  by  hard  waters,  and  cured  by  the  use 
of  soft  or  distilled  water.  On  a  large  scale,  statistical  evidence  is,  as  far  as  I 
know,  wanting.  The  excess  of  cases  of  calculi  in  Norwich  and  Norfolk 
generally  is  not,  in  Dr  Eichardson's  opinion,  attributable  to  the  water,  f  Dr 
J.  Murray,  of  Newcastle,  has  lately  given  some  evidence|  to  show  a  connection 
between  tiie  lime  waters  and  c^culi,  especially  phosphatic,  but  it  does  not 
appear  to  be  more  convincing  than  that  previoiisly  adduced. 

At  Canton  stone  is  common,  while  at  Amoy,  Shanghai,  Ningpo,  and  other 
places,  it  is  not  met  with.  The  cause  of  the  difference  is  not  known,  but  it  is 
not  chalk  water,  as  the  Chinese  always  drink  boiled  water.§ 

Professor  Gramgee,  however,  states  that  sheep  are  particularly  affected  by 
ealculus  in  the  limestone  district& 

7.  GOITRB. 

The  opinion  that  impure  drinking  water  is  the  cause  of  goitre  is  as  old  as 
Hippocrates  and  Aristotle,  and  has  been  held  by  the  nugority  of  physicians. 
The  opinion  may  be  said  actually  to  have  been  put  to  the  test  of  experiment, 
since  both  in  France  and  Italy  the  drinking  of  certain  waters  has  been  resorted 
to,  and  apparently  with  success,  for  the  purpose  of  producing  goitre,  and 
thereby  gaining  exemption  from  military  consGription.||  And  this  is  supported 
by  the  evidence  of  Bally,  Coindet,  and  by  many  of  the  French  army  surgeons, 
who  have  seen  goitre  produced  even  in  a  few  days  (8  or  10)  by  the  use  of 
certain  waters.  H  While,  conversely,  Johnston  saw  goitre,  which  was  common 
in  a  jailf  disappear  when  a  pure  water  was  used.**  Apart  from  this,  the  evi- 
dence for  the  causation  by  water  is  extremely  strong,  many  cases  being 
recorded  where,  in  the  same  village,  and  under  the  same  conditions  of  locality 
and  social  life,  those  who  drank  a  particular  water  suffered,  while  those  who 
'  ■■■■■  — ^^^— ^^^.^1^^^— «,^^i— ^— ^^^p—  ^  ..II   I  ■ 

•  TnM  d'Hygi^ne  MiliUire,  1857,  p.  857. 

t  Med.  Histor)*  of  England  ;  Medical  Times  and  Gaaetto,  1864,  p.  100. 

i  British  Medical  Journal,  September  1872. 

§  Dr  Wang  in  Chinese  Customs  Report  for  1870,  p.  71. 

i!  Among  other  evidence  on  this  point,  the  late  work  of  M.  Saint«Lager  (Snr  les  causes  du 
Cratinisme  et  du  Goitre  end^mique,  Paris,  1867)  may  be  cited  (p.  191,  et  seq.),  as  he  appears  to 
have  oareftdly  looked  into  the  evidence.  See  also  Baillarger  (Comptes  Rendus  de  I'Acad.  t. 
Iv.  p.  475),  who  also  states,  though  this  has  been  denied  bj  Bey,  that  horses  and  mules 
become  affected  ttom.  drinking  the  water  of  the  Is^re. 

%  fincydopttdia  of  Practical  Medicine,  vol  i.  art  BnmchoceK  p.  S96. 

••  Edin.  Monthly  Journal,  May  1855. 
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did  not  do  so  escaped.*  The  latest  author  who  has  Trritten  on  this  suhject, 
and  who  has  accamulated  an  immense  amonnt  of  evidence,  M.  Saint-Lager, 
expiSBses  himself  very  confidently  on  the  point 

The  impurity  in  the  water  which  causes  goitre  is  not  yet  precisely  known. 
It  is  certainly  not  owing  to  the  want  of  iodme,  as  stated  by  Chatin,  and  there 
is  little  probability  of  its  being  caused  by  organic  matters,  by  fluorine,  or  by 
silica.  On  the  other  hand,  the  coincidence  of  goitre  with  sedimentous  water 
is  yeiy  frequent  Since  the  elaborate  geological  inquiries  of  M.  Grangef 
and  the  analyses  of  the  waters  of  the  Is^,  magnesian  salts  in  some  form  have 
l)een  often  considered  to  be  the  cause,  to  which  many  add  lime  salts  also ;  and 
certainly  the  evidence  that  the  wateis  of  goitrous  places  is  derived  from  lime- 
stone and  dolomitic  rocks,  or  from  serpentine  in  the  granitic  and  metamorphic 
Kigions,  is  very  strong.  The  investigations  now  include  the  Alps,  Pyrenees, 
Dauphin^,  some  parts  of  Bussia,  Brazil,  and  districts  in  Oude  in  North-West 
India.    A  table  compiled  from  Dr  M'Clellan's  workj  is  very  striking : — 

Goitre  <md  Cretinism  in  Kumaon  (Oude). 


Water  derived  from 

PeroentAge  at  Population  affected. 

'  With  Goltn. 

with  GretiDism. 

Granite  and  gneiss, 

Mica,  slate,  and  hornblende^     .     . 

Clay  slate, 

Green  sandstone^   .•,,.. 
Limestone  rocks 

0-2 

0 

0-54 

0 

33 

0 
0 
0 
0 
3-0 

There  are,  however,  not  wanting  analyses  of  water  of  goitrous  regions 
▼hich  show  that  magnesia  may  be  absent  (in  Eheims,  according  to  Maumen^ ; 
in  Anvergne,  according  to  Eertrand ;  in  Lombardy,  according  to  Demortain ; 
vhile  Saint-Li^er  enumerates  other  cases),  while  it  has  been  also  denied  that 
there  need  be  any  excess  of  lime.  M.  Saint-Lager,  basing  his  opinion  partly 
on  these  n^ative  instances,  partly  from  his  own  experiments  with  the  soap- 
test,  which  show  no  relation  between  hardness  of  water  and  goitre,  and  partly 
horn  the  negative  results  of  experiments  on  animals  with  calcium  sulphate 
and  magnesian  salts,!  denies  altogether  the  connection  between  goitre  and 
ealdnm  and  magnesium  sulphates  and  carbonates.  He  states  also  that  M. 
Grange  has  now  himself  given  up  the  belief  of  magnesia  being  the  essential 
agent  of  goitre,§  and  ai^es  that  the  constituent  of  the  water  which  is  the 
actaal  cause  is  either  iron  pyrites  (ferrum  sulphide),  or  more  infrequently 
copper  or  some  other  metallic  sulphida  And  he  explains  M'Clellan's  results 
by  the  supposition,  based  on  an  expression  of  that  wnter,  that  in  the  limestone 
districts  of  Kumaon  the  water  h^  traversed  the  metalliferous  strata  of  the 
rocks.  Saint-Lager  does  not,  as  far  as  I  see,  support  his  opinion  by  actual 
ehemical  analyses,  but  he  brings  forward  geologiced  evidence  on  a  large  scale, 
te  prove  that  the  endemic  appearance  of  goitre  coincides  with  the  metalliferous 
disbicta  He  has  also  made  experiments  on  ijnima-lfl  with  iron  salts,  which 
do  not  appear  conclusive,  though  he  believes  he  produced  in  some  cases  an 
effect  on  &e  thyroid.     His  hypothesis  seems  to  me  to  fail  from  this  want  of 

*  Saiat-Ligar (m».  eit)  cHea  aaYeral  ationg  cases  (p.  102  et  $eq.). 
f  Ann.  de  Chimie  et  de  Phys.,  vol.  xxiv.  p.  864 

t  Medical  Topography  of  Bengal.    I  have  included  the  facts  on  cretintem  also,  withont 
^ttizing  to  express  any  opinion  on  the  relation  between  goitre  and  cretinism. 
i  Snr  les  causes  da  Cretin,  et  da  Goitre^  p.  2S7. 
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chemical  analysis.  He  has  made  out  a  case  for  inquiry  rather  than  for  con- 
clusion. It  seems  clear  that  while  it  may  he  admitted  that  impure  water  is 
the  cause  of  goitre,  there  ought  to  he  renewed  chemical  analyses,  and  it 
would  not  seem  difficult  to  decide  such  a  point  hy  a  properly  conducted 
inquiry. 

In  some  ohservations  lately  made  hy  Dr  Fei^guson  on  the  goitrous  part  of 
the  Baree  Doah  district  *  (a  houlder-gravel  suheoil),  the  water  is  stated  to  he 
largely  charged  with  lime.  In  the  jail  at  Durham,  Johnstonf  states  that 
when  the  water  contained  77  grains  per  gallon  (chiefly  of  lime  and  magnesian 
salts),  all  the  prisoners  had  sweUings  of  the  neck ;  these  disappeared  when  a 
purer  water,  containing  18  grains  in  the  gallon,  was  ohtained.| 

Goitre  may  he  rapidly  produced.  Bally  noticed  that  certain  waters  in 
Switzerland  would  cause  it  even  in  eight  or  ten  days,  and  cases  almost  aa 
rapid  have  occurred  in  other  places.§ 

8.  ENTOZOA,  OR  OTHER  ANIMALS. 

Whereas  the  Tcenia  solium  and  the  Toenia  mediocaneUata,  and  many 
entozoa,  find  their  way  into  the  hody  with  the  food,||  the  two  forms  of  the 
Bothriocepkdlus  lotus  {T,  lata)  may  pass  in  with  the  drinking-water.^  Both 
emhryo  and  eggs  (but  principally,  or  perhaps  entirely,  the  former)  exist  in  the 
river  water.  The  ciliated  embryo  moves  for  several  days  very  actively  in 
water ;  it  may  then,  after  a  time  lose  its  ciliary  covering,  and  then,  not  being 
able  to  move  further,  perishes ;  or  it  may  find  its  way  into  the  body  of  some 
animal,  and  there  develop  into  the  Bothriocephalua  lotus. 

It  is  most  common  in  the  interior  of  Bussia,  Sweden,  in  part  of  Poland, 
and  in  Switzerland. 

Distoma  hepaticum  {Fasciola  hepatica). — The  eggs  are  developed  in  water, 
and  the  embryos  swim  about  and  live,  so  that  introduction  in  this  way  for 
sheep  is  probable,  and  for  men  is  possible. 

The  Ascaris  lumhricoides  (Round-worm)  appears  also  sometimes  to  enter 
the  body  by  the  drinking  water.  At  Moulmein,  in  Burmah,  during  the  wet 
season,  and  especially  at  the  commencement,  both  natives  and  Europeans, 
both  sexes  and  aU  ages,  were,  during  my  service  thirty  years  ago,  so  affected 
by  lumbrici  that  it  was  almost  an  epidemic**  The  only  circumstance 
common  to  all  classes  was  that  the  drinking  water,  drawn  chiefly  from  shallow 
wells,  was  greatly  contaminated  by  the  substances  washed  in  by  the  floods  of 
the  excessive  monsoon  which  prevails  there.  Dr  Paterson  has  also  noticed 
similar  facts  in  England  (Aitken's  "  Practice  of  Medicine,"  6th  edition,  L  p. 
124). 

Leuckartft  has  no  doubt  of  the  passage  of  the  ascarides'  eggs  into  drinking 

*  Sanitary  Administration  of  the  Pnigab  for  1871,  Appendix  4,  p.  38. 

f  Edin.  Monthly  Journal,  May  1855. 

t  In  Nottingham  the  people  attribute  Gk>itre  to  hardness  of  water.  Generally  it  appean 
only  with  magnesiam  limestone. 

§  Many  instances  are  recorded  in  the  French  Military  Medical  Jonmal,  Recueil  de  M^m.  de 
M^.  Mil.,  of  the  acute  goitre  produced  in  a  few  days. 

II  Dr  Oliyer's  observations  in  India  show  that  cattle  may  get  tsenia  ova  from  the  water ;  ao 
that  men  may  do  the  same.     (See  Aitken's  Med.,  6th  ed.  vol.  i.  p.  179.) 

^  See  especially  a  paper  by  Dr  Knock  in  the  Peterburger  Med.  Zeitsch.  for  1861.  An  ab- 
stract is  given  in  the  Lancet.  Jan.  25,  1862 ;  and  the  paper  in  full  is  printed  in  Vircbow's 
Archiv,  band  xxiv.  458.  Ck>bbold,  however,  doubts  the  airect  entrance  in  this  way,  and  thinks 
it  more  probable  that  fish  form  the  host  for  the  ova,  which  after  development  in  the  first,  may 
find  their  wa^  into  the  bodies  of  men  who  eat  the  fish. 

**  The  native  treatment  is  the  powder  of  a  fungus  (Wah-mo),  derived  from  the  female  bamboo. 
It  is  most  useful.    See  paper  by  the  author  in  the  London  Journal  of  Medicine,  1849.    . 

ft  Die  Menschlichen  Parasiten,  band  ii.  p.  220. 
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vater;  and,  indeed,  they  have  been  actually  seen  in  drinking  "water  by 
Mofiler.*  But  it  seenus  yet  doubtful  (as  all  experiments  have  failed  in  pro- 
dadng  from  the  drinking  water  the  worms  in  animals)  whether  the  eggs  alone 
▼ill  suffice,  and  it  seems  possible  that  they  must  pass  through  some  other 
host  before  developing  in  the  human  intestina  This  is  also  the  opinion  of 
Cobbold  Hosier  attributed  in  his  case  much  influence  to  the  large  amount 
of  vegetable  food  taken  by  the  persons  affected. 

The  Dochmius  duodenalis  {Strongylua  duodenaliSy  Anekylosiomum  seu 
Seleroilama  duodenale)  would  appear  from  Leuckart's  statement!  to  be 
introduced  by  impure  water.J 

Filaria  Dracuneulus  (Guinearworm). — ^The  introduction  by  water  of  the 
Ulana  has  long  been  a  favourite  opinion.  It  has  been  a  matter  of  debate 
▼hether  it  is  taken  into  the  stomach  as  drink,  and  thence  finds  its  way  (like 
the  Trichina,  to  the  muscles)  into  the  subcutaneous  cellular  tissue,  or  whether 
it  penetrates  the  skin  during  bathing  or  wading  in  streams.  The  latter 
opinion  seems  to  be  the  most  probable  in  the  majority  of  cases.§ 

Boiling  the  water  before  drinking  appears  to  have  some  preservative  effect.  || 
It  IB  possible  that  the  Filaria  sanguinis  hominis  of  Lewis  may  also  be 
introduced  by  drinking  water. 

BUharzia  hoemaiohia. — ^From  the  observations  of  Griesinger,  John  Harley,1T 
and  Cobbold,  there  seems  no  doubt  that  the  embryos  of  this  entozoon  live  in 
water,  and  the  animal  may  be  thus  introduced  probably  by  the  medium  of 
some  other  ani-mal.  Dr  Batho  doubts,  however,  this  introduction  by  water, 
sinoe  the  entozoon  occurred  in  persons  using  rain  water  and  pure  mountain 
8lwam  water.     ("  Army  Med.  Eep."  voL  xii.  p.  604.) 

Leeches. — ^Eeference  has  already  been  made  to  the  swallowing  of  small 
leeches,  which  fix  on  the  pharynx,  and  in  the  posterior  nares.  Cleghom 
("Diseases  of  Minorca,"  1768,  p.  38)  noticed  that  coughs,  nausea,  and  spit- 
ting of  blood  were  thus  caused.  In  a  march  of  the  French  near  Oran,  in 
Algiers,  more  than  400  men  were  at  one  time  in  hospital  from  this  cause.  In 
some  cases  the  repeated  bleedings  from  the  larynx  have  simulated  haemoptysis 
and  phthisis,  and  have  produced  anaemia.  A  leech,  once  fixed,  seldom  falls 
off  spontaneously.  In  India  no  accidents  of  this  kind  are  on  record,  yet  we 
must  assume  that  they  occasionally  occur. 

9.  LEAD,  MEROUBT,  AB8BNI0,  OOPPEB,  AND  ZING  POISONING. 

It  is  only  necessary  to  mention  the  fact  of  metals  passing  into  the  drinking 
^ter,  either  by  trade  refuse  being  poured  into  streams,  or  by  the  water  dis- 
Bolving  the  metal  as  it  flows  through  pipes  or  over  metallic  surfaces.  (See 
PW  15.) 

In  1864  a  factory  at  Basle  discharged  water  containing  arsenic  into  a  pond, 
from  which  the  ground  and  adjacent  wells  were  contaminated,  and  severe 
ilhiesB  in  the  persons  who  drank  the  well  water  was  produced.  (Eoth  and 
Lex,  "MiHt  Gesundsheitpfl."  p.  41.) 

*  Viichow's  ArchiT,  band  xviii.  p.  249.  f  Ibid,  band  ii.  p.  455. 

X  The  importenoe  of  the  disooyerv  of  Orieringer  (Archiv  fdr  Phys.  Heilk^  1854,  p.  555),  that 
tile  lo-cillea  widely  spread  l^ptaan  chlorosiB,  ia  caused  by  the  Dochmiua  duodenalis,  has 
liwdlT  been  sufficiently  appreciated.  Not  only  anaemia  and  liver  diseases,  but  symptoms  re- 
fared  to  dvientenr  and  nemorrhoids,  are  often  also  i>roduoed.  And  as  similar  facts  have 
DOW  been  observed  in  Brasily  Arabia,  and  Madagascar,  it  seems  impossible  but  that  in  India 
the  fonnidable  affections  caused  by  the  Dochmins  should  not  be  common. 

I  See  Dr  Aitken's  long  and  excellent  chapter  on  this  disease,  in  the  first  volume  of  his 
I^nctioe  of  Medicine,  6th  Mition,  p.  189,  eL  seq^  tor^A  discussion  on  the  water  and  earth  question. 

D  Greenhow  in  Indian  Annals,  1856,  p.  557. 

If  Med.  Chir.  Trans.,  toL  xlvU.  p.  65,  and  vol.  111.  p.  879. 
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GefMroA  ConbhmofM. 

1.  An  endemic  of  diarrhoea,  in  a  community^  is  almost  always  owing  either 
to  impure  air,  impure  water,  or  bad  food.  If  it  affects  a  number  of  persons 
suddenly,  it  is  probably  owing  to  one  of  the  two  last  causes,  and  if  it  extends 
over  many  families,  almost  certainly  to  water.  But  as  the  cause  of  impurity 
may  be  transient,  it  is  not  always  easy  to  find  experimental  proof. 

2.  Diarrhoea  or  dysentery,  constantly  affecting  a  community,  or  returning 
periodically  at  certain  times  of  the  year,  is  far  more  likely  to  be  produced  by 
bad  water  than  by  any  other  cause. 

3.  A  very  sudden  and  localised  outbreak,  of  either  typhoid  fever  or 
cholera,  is  almost  certainly  owing  to  introduction  of  the  poison  by  water. 

4.  The  same  fact  holds  good  in  cases  of  malarious  fever,  and,  especially  if 
the  cases  are  very  grave,  a  possible  introduction  by  water  should  be  carefully 
inquired  into. 

5.  The  introduction  of  the  ova  of  certain  entozoa  by  means  of  water  is 
proved  in  some  cases — is  probable  in  others. 

6.  Although  it  is  not  at  present  possible  to  assign  to  every  impurity  in  water 
its  exact  share  in  the  production  of  disease,  or  to  prove  the  precise  influence 
on  the  public  health  of  water  which  is  not  extremely  impure,  it  appears 
certain  that  the  health  of  a  community  always  improves  when  an  abundant 
and  pure  water  is  given ;  and,  apart  from  this  actual  evidence,  we  are  entitled 
to  conclude,  from  other  considerations,  that  abundant  and  good  water  is  a 
primary  sanitary  necessity. 

SECTION  V. 

EXAMINATION  OF  WATER  FOE  HYGIENIC  PURPOSES.* 

The  analysis  of  water  for  hygienic  purposes  has  for  its  object  to  ascertain 
whether  the  water  contains  any  substances  either  suspended  or  dissolved  which 
are  likely  to  be  hurtful  There  are  some  substances  which  we  know  are  not 
likely  to  do  any  harm,  such  as  carbonate  of  sodium,  calcium,  and  magnesium 
in  small  quantities.  Others  are  at  once  viewed  with  suspicion  as  indicating 
an  animgJ.  origin,  and  therefore  being  probably  derived  from  habitations 
or  decaying  bodies.  In  other  cases  substances  in  themselves  harmless,  such  as 
nitrates,  nitrites,  and  ammonia,  are  suspicious  from  implying  the  co-existence 
of,  or  the  previous  contamination  of  the  water  by  nitarogenous  substances. 
The  difficulties  in  the  hygienic  examination  of  water  are  not  inconsiderable. 
A  judgment  must  be  generally  come  to  from  a  coUation  of  all  the  evidence, 
rather  than  from  the  results  of  one  or  two  test&f 

Collection, 

Great  care  must  be  taken  that  a  fair  sampleit  of  the  water  is  collected  in  per- 
fectly clean  glass  vessels  (not  in  earthenware  jars) — ^Winchester  quarts  are 
most  convenient — ^which  should  be  repeatedly  washed  out  with  some  of  the 
water  to  be  examined.     The  bottle  should  be  stoppered ;  a  cork  should  be 

*  Dr  F.  N.  Macnamara  has  prepared  for  use  in  India  "A  Scheme  for  the  Analysis  of  Potable 
Waters.**    It  is  an  admirable  scheme,  and  I  have  made  use  of  some  parts  of  it. 

t  Boxes  containing  tests  uxd  apparatus  sufficient  to  carry  oat  the  analyses  recommended  in 
this  book  are  sold  b^  Messrs  Savory  and  Moore,  New  Bond  Street,  London,  and  by  Messrs 
Griffin  &  Sons,  Gamck  Street,  Covent  Garden. 

X  Thus,  in  taking  water  from  a  stream  or  lake,  the  bottle  on^t  to  be  plunged  below  the 
Burfaoe  before  it  is  filled.  In  drawing  from  a  pipe,  a  portion  ougnt  to  be  allowed  to  run  away 
first,  to  get  rid  of  any  impurity  in  tne  pipe.  In  judging  of  a  town  supply,  samples  should 
be  obtained  direct  from  the  mains,  as  well  as  from  the  houses. 
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avoided,  except  in  great  emexgency,  but  if  naed  it  should  be  quite  new,  well 
sealed,  and  tied  down.*^ 

Examinaiion, 

For  a  complete  investigation  at  least  a  gallon  is  necessary,  but  with  a  litre 
or  a  couple  of  pints  a  pretty  good  examination  can  be  made.  The  examinsr 
tion  ought  to  be  undertaken  as  soon  after  collection  as  possible,  say  in  48 
hours  (Wankl3rn).  Pending  examination  it  ought  to  be  kept  in  a  dark  cool 
place. 

It  should  be  commenced  by  noting  the  coarser  physical  characters,  such  as 
the  colour,  transparency,!  smell,  and  taste  of  the  water. 

The  emeu  and  taste  of  the  water  give  some  indications ;  for  the  smell  the 
water  may  be  warmed,  or  distilled,  when  the  odour  of  fsecal  matter  is  often 
brought  out  clearly  both  in  the  distillate  and  residue.  If  the  water  is  put  in 
a  stoppered  bottle,  which  it  half  fills,  and  is  exposed  to  light,  and  then  opened 
and  smelt  after  a  few  days,  commencing  putrefaction,  or  the  formation  of 
butyric  acid,  or  something  similar,  can  sometimes  be  detected  Tiemann  re- 
commends that  the  water  should  be  heated  to  110°  or  120*  Fahr. ;  if  hydrogen 
sulphide  be  present  add  a  little  copper  sulphate,  which  precipitates  it  and  per- 
mits any  putrid  smell  to  be  perceived. 

Taste  is  an  imcertain  indication.  Any  badly  tasting  water  should  be 
rejected,  or  purified  before  use.  Suspended  animal  organic  matters  often  give 
a  peculiar  taste,  so  also  vegetable  matters  in  stagnant  waters.  Some  growing 
plants,  as  lemma,  and  pistia,  give  a  bitter  taste ;  but  most  growing  plants  have 
no  tasta  Perfectly  dissolved  animal  matter  is  frequently  quite  taatelesa  As 
regards  dissolved  mineral  matters,  taste  is  of  little  use,  and  difiers  much  in 
diiferent  persons.     On  an  average — J 

Sodium  chloride  is  tasted  when  it  reaches  75  grains  per  gallon. 

Potassium     „  „  „  20 


Magnesium  „  „  „  50  to  55 

Odcium  sulphate,  „  „  25  to  30 


„       carbonate,        „  „  10  to  12 

„       nitrate,  „  „  15  to  20      „  „ 


Sodium  carbonate^         „  „  60  to  65 

lion,       .  ,  w  „  -2 


Iron  is  thus  the  only  substance  which  can  be  tasted  in  very  small  quantities. 
A  permanently  hard  water  has  sometimes  a  peculiar /ac^,  or  slightly  saline 
taste,  if  the  total  salts  amount  to  35  or  40  grains  per  gallon,  and  the  calcium 
sulphate  amounts  to  6  or  8  grains.  The  taste  of  good  drinking-water  ia  due 
entirely  to  the  gases  dissolved :  water  nearly  free  from  carbonic  acid  hardness, 
such  as  distilled  water,  is  not  so  pleasant  as  the  brisk  well  carbonated  waters ; 
it  may  be  called  flat,  but  it  is  difficult  to  define  the  kind  of  taste  or  absence 
of  it§ 

The  conditions  of  colour  and  transparency  are  given  below. 

The  coarser  physical  examination  gives  few  indications  of  value,  and  if  a 
water  is  reputed  good  on  the  evidence  of  this  examination  alone,  it  should  be 
so  stated. 


*  W.  O.  Circular  82,  June  1876,  directs  water  to  be  sent  in  stoppered  glass-bottles. 

f  G^rardin  also  recommends  the  Itutre  to  be  noted. 

5  Dr  De  Chanmont,  Army  Medical  Report  for  1862  (vol.  iv.  p.  865.) 

{  Aigning  from  ^e  ax»parent  preference  many  persons  have  for  water  containing  some  saline 
matter,  Wankl^rn  has  snggestea  the  addition  of  sodium  chloride  to  drinking  water,  to  the 
extent  of  50  grains  per  gaUon. 
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The  fartber  and  complete  examination  of  the  Trater  may  be  conveniently 
divided  into  two  parts :  the  examination  of  the  suspended,  and  of  the  dissolved 
matteis. 

Sub-Sbotion  L 
Examination  of  Suspended  Matters. 

The  suspended  matters  may  be  either  mineral  (sand,  clay,  chalk,  fine  films 
of  mica,  iron  peroxide),  or  dead  animal  or  vegetable  matters,  or  living  creatures 
(plants  and  animals). 

To  examine  the  colour  and  detect  the  presence  ofSttspended  Matters. 

Pour  some  of  the  water  into  a  tall  white  glass  vessel  placed  on  white  paper 
or  plate,  and  look  down  it ;  a  depth  of  2  feet  is  desirable,  but  a  stratum  of  a 
foot  or  18  inches  will  give  valuable  information.  A  similar  glass  with  distilled 
water  should  be  used  for  comparison.  Substances  giving  colour  and  opacity 
to  water  can  be  thus  detected  when  merely  looking  through  the  water  gives  no 
indication.  Perfectly  pure  water  has  a  bluish  tint,  and  several  feet  of  thick- 
ness do  not  obscure  the  bottom  of  the  vessel  As  water  becomes  turbid  the 
bottom  of  the  vessel  is  less  distinctly  seen,  or  is  obscured  altogether,  by  per- 
haps only  a,  few  inches  of  water.  The  depth  obscuring  the  bottom  of  the 
vessel  should  be  noted,  and  the  kind  of  colour ;  a  green  colour  indicates  vege- 
table impurity  generally,  a  yellow  or  brown  colour  animal  impurity,  except 
in  peat-water. 

Living  animals  moving  through  the  water,  like  the  watei^flea  or  cyclope,  are 
best  detected  by  looking  through  the  water.  Any  water  which  is  very  turbid 
is  a  suspicious  one.* 

To  determine  the  nature  of  the  Suspended  Matters. 

Suspended  sand  or  clay  gives  a  yellow,  or  yellow-white  turbidity ;  vegetable 
humus  and  peat  give  a  darkish,  sewage  gives  a  light  brown  colour  ;  but  the 
colour  or  turbidity  alone  is  a  very  insufficient  test  Then  boil  the  water,  and 
pour  it  back  into  the  long  glass.  Sand,  chalk,  and  heavy  particles  of  the 
kind  will  be  deposited ;  finely  suspended  sewage  and  vegetable  matter  is  little 
affected,  unless  it  be  a  chalk  water,  when  the  deposit  of  calcium  carbonate 
may  carry  down  the  suspended  matter.  When  the  water  is  commencing  to 
boil,  smeU  it  to  see  if  there  is  any  trace  of  sewage. 

MioBOSoopio  Examination.! 

The  examination  with  the  microscope  can,  however,  alone  give  accurate  in- 
formation of  the  nature  of  the  suspended  matters.  Very  high  powers  (1000 
or  1200  diameters)  fiie  necessary  for  a  complete  examination,  though  lower 
powers  will  give  much  informatioiL 

If  the  matter  is  entirely  suspended,  a  drop  of  the  water  must  be  taken  at 
once ;  but  when  it  can  be  obtained,  a  little  of  the  sediment  is  more  satisfac- 
tory. To  get  a  sediment,  the  water  should  be  placed  in  a  conical  glass,  care- 
fully covered  and  allowed  to  stand  for  a  few  hours ;   and  the  upper  part  of 

*  G^rardin  recommends  that  the  lustre  ((clot)  should  be  noted,  and  considers  it  an  index 
of  the  presence  of  oxveen  in  solution  ;  a  pure,  weU  aerated  water  has  a  brilliant,  sparkling  or 
adamantine  lustre,  whilst  an  impure,  badly  aerated  water  has  a  dull  or  vitreous  lustra. 

+  For  a  good  resum^  of  this  part  of  the  examination,  reference  may  be  made  to  Professor 
Macdonald*s  excellent  work,  "  A  Guide  to  the  Microscopic  examination  of  Drinking-water  by 
J.  D.  Macdonald,  R.N.,  F.R.S.,  Deputy  Inspector-general  of  Hospitals  and  Fleets,  Professor  of 
Naval  Hygiene,  Army  Medical  School. 
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the  water  is  then  pouied  away  or  syphoned  off.  In  special  cases,  where  it  is 
important  to  know  the  exact  condition  of  the  suspended  matters,  before  they 
uuieigo  change  by  the  action  of  the  atmosphere  of  the  room  or  laboratory 
where  they  may  be  kept,  they  may  be'  collected  in  vacuimi  tubes,  which  may 
he  sealed.  A  very  small  amount  of  sediment  can  be  thus  got  at  An 
immense  number  of  dead  and  living  things  may  be  found,  in  water,  which  it 
would  he  impossible  to  enumerate,  but  which  may  be  conveniently  divided 
into  two  great  and  several  minor  headings. 

1.  Inanimate  Substances. 

(a)  Mineral  particles  are  tolerably  easily  known ;  sand  has  large  angular 
partides ;  day  and  marl  round  smooth  globules  unaffected  by  acids ;  chalk 
round  often  glistening  bodies  dissolved  by  acid. 

(6)  Vegetable  matters:  portions  of  wood,  leaves,  bits  of  the  veins; 
parenchyma  or  ducts  are  easily  recognised.  When  vegetable  tissue  is  more 
decomposed  nothing  is  seen  but  a  dark,  opaque,  structureless  mass.  Any 
dark  formless  mass  of  this  kind  in  water  is  almost  certainly  decayed  vegetable 
matter.  Bits  of  textile  fabrics  (cotton,  Hnen)  are  not  uncommon,  and  are 
important  as  indicating  that  the  water  is  contaminated  with  house  refuse. 
So  also  the  cells  of  the  potato,  or  spiral  threads  of  cabbage  and  other  veget^ 
ables  used  by  men,  are  important  as  indications  of  the  same  kind. 

(c)  Animal  matters,  consisting  of  bits  of  wool,  hair,  remains  of  animals  of 
all  kinds,  such  'as  wings  and  legs  of  insects,  spiders  and  their  webs,  portions 
of  the  skin  of  water  animals  or  of  fish,  &c.,  are  not  uncommon.  Sewage 
matters  having  a  darkish  brown  or  reddish  colour,  and  often  in  globular 
masses,  and  thus  distinguishable  from  the  flatter  and  more  spread-out  veget- 
able matter,  are  sometimes  seen.  In  the  London  water,  as  supplied  twenty- 
five  years  ago,  Hassall  recognised  these  little  '^  ochreous "  masses,  and  found 
that  nitric  acid  brought  out  a  pink  tint.  He  thought  them  to  be  portions  of 
muscular  fibre,  ting^  with  bile.  Epithelium  (from  the*  skin  of  men)*  and 
hairs  of  AnimftlH  are  not  unfrequeni  The  identification  of  these  matters  is  of 
moment,  as  indicating  the  particular  source  of  the  contamination.  Anything 
which  can  be  unequivocally  traced  to  the  habitations  of  men  must  always 
cause  the  water  to  be  regarded  with  suspicion,  as  if  one  substance  from  a 
house  can  find  its  way  in,  others  may  do  so. 

2.  Living  Creatures,^ 

These  are  often  found  m  the  sediment,  but  sometimes  also  float  in  the 
water  above  the  sediment  They  are  almost  innumerable,  and  as  immature 
fomis  and  various  stages  of  development  are  seen,  it  is  often  difficult  or 
impossible  to  name  all  of  them. 

{d)  Bacteria,  vibriones,  or  microzymes.  Under  these  terms  are  meant  the 
small  points  or  jointed  rods,  sometimes  moving  rapidly  sometimes  slowly  or 
motionless.  Distinctions  are  made  between  these  three  by  some,  while  by 
othfiis  the  three  terms  are  used  as  synonyms.  J     High  powers  (and  preferably 

*  Epitbelinm  from  the  skin  breaks  down  slowly  in  water ;  I  detected  some  in  iinfiltered 
Thames  water  in  January  1869,  and  on  the  Slst  May  some  of  the  same  water  preserved  in  a 
hottle  showed  qnite  distinctly  the  scales  and  nuclei.  The  collection  of  the-water,  the  sending 
in  a  barrel  from  Teddington  to  Netley,  and  tlie  soakage  in  the  water  for  five  months,  had  not 
destroyed  the  epithelium.  Epithelium  from  the  mouths  of  cattle  is  sometimes  found.  This 
vts  the  case  in  some  water  examined  at  Netley,  got  horn  a  catch-pit  in  Parkhurst  Forest 

f  Numerous  plates  of  the  various  oiganisms  found  in  the  Thames  water  have  been  given  by 
HassaU.  (Microscopic  Examination  of  the  Water  supplied  to  London,  by  A.  H.  Hassall, 
M.D.,  1850.     Pood  and  its  Adulteration,  by  same  author,  1876.) 

X  Frequently  spoken  of  as  Bacterolds  and  smaller  forms  as  Bacteriform  puncta. 
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with  immeision  lenses)  are  required  to  see  them  properly.  When  they  appear 
in  water  it  is  necessary,  as  Lex*  has  shown,  that  hesides  oxygen  three  con- 
ditions must  he  present — (1)  an  organic  carhonaceous  suhstance;  (2)  a 
nitrogenous  substance,  which  need  not  be  organic — a  nitrate,  for  example, 
will  well  nourish  bacteria,  and  is  reduced  to  nitrite  by  their  growth ;  (3)  a 
phosphate,  which,  however,  may  be  in  exceedingly  small  quantity.  The 
bacteria  may  either  originally  exist  in  the  water,  or  be  introduced.  Burdon^ 
Sanderson's  experiments,  however,  are  not  favourable  to  the  introduction  of 
bacteria  from  the  air,  though,  as  noticed  under  Aivy  large  nimibers  of  cells 
which  seem  to  belong  to  the  same  class  can  be  obtained  from  the  air.  It 
appears  from  Burdon-Sanderson's  observations,  that  the  germs  (if  the  term  be 
allowed)  of  bacteria  may  exist  in  water  and  be  indetectable  by  the  highest 
microscopic  powers,  or  even  by  Tyndall's  test  of  the  electric  beam.  To 
detect  these  the  test  by  cultivation,  or  what  may  be  called  the  microzyme  test 
for  water,  can  be  employed.  Take  a  little  recently  prepared  clear  Pasteur's 
fluid,  J  boil  it,  and  put  one  or  two  C.C.  into  a  test  tube  previously  strongly 
heated  to  356''  Fahr.,  drop  in  three  or  four  drops  of  the  water,  and  close  the 
mouth  of  the  tube  with'cotton  wool  If  microzymes  or  their  germs  exist  in 
the  water,  in  a  few  days  the  liquid  becomes  milky  from  countless  bacteridia. 

As,  however,  even  distilled  water  and  the  purest  ice-water  contain 
bacteridia,  the  test  cannot  be  used  as  an  indication  of  good  or  bad  water, 
except  in  connection  with  others,  and  with  due  regard  to  temperature,  which 
has  a  great  effect.  All  it  will  show  is,  that  the  greater  or  less  rapidity  of 
appearances  of  opalescence  will  prove  that  microzymes  are  more  or  less 
abundant. 

The  .present  view  is,  that  while  it  has  not  been  conclusively  shown  that 
bacteria  or  vibriones  are  in  themselves  hurtful  (though  they  are  so  held  by 
some  observers),  their  presence  indicates  the  coexistence  of  certain  organic 
substances  and  putrefaction,  and  putrefactive  substances  in  water  are  certainly 
dangerous. 

The  spirillum  can  also  be  often  detected  in  water.  In  addition  to 
microzymes  the  water  will  always  contain  various  allied  protozoa,  which  are 
usually  termed  monads  or  zoogloea,  and  which  seem  to  have  the  same 
significance  as  bacteridia.§ 

(e)  Ehizopoda,  especially  amoebaB  and  similar  forms,  may  often  be  detected 
with  high  powers.  They  appear  to  indicate,  like  bacteridia,  the  existence  of 
putrefying  substances,  but  tins  is  not  yet  certain. 

(J)  EuglensB  (of  different  species,  such  as  E.  viridisy  E.  ptfrum,  &c)  are 
found  in  many  waters,  especially  of  ponds  and  tanks.  ||  Ciliated,  free,  and 
rapidly  moving  infusoria,  belonging  to  several  kinds  of  common  protozoa,  such 
as  kolpoda,  paramecium,  coleps,  stentor,  kerona,  stylonichia,  oxytricha,  &c., 
are  also  found.  The  abundance  of  these  bodies  indicate,  of  course,  that  the 
water  contains  food  for  them,  and  this  must  be  either  vegetable  or  animal 
organic  matter,  but  the  mere  presence  of  these  infusoria  will  not  show  which 

♦  Centralbratt,  fiir  die  Med.  Wias.,  No.  20, 1872,  p.  805. 

t  EventuaUy  the  nitrite  disappears,  nitrogen  being  liberated. 

X  Pasteur's  fluid  is  composed  of  10  grammes  of  crystallised  sugar ;  -5  grammes  of  ammonium 
tartrate  ;  *1  of  weU-bumt  yeast  ash,  and  100  C.C.  of  distilled  water.  It  should  be  quite  dear. 
It  is  a  capital  breeding-ground  for  microzymes  or  fungi. 

§  According  to  Dr  Maodonald,  "  All  analogy  would  go  to  indicate  that  the  Zooglaoa  form  of 
Bacterium  tenno  may  be  regarded  as  the  primary  or  normal  state  of  this  organism,  the  sur- 
rounding gelatinous  matter  being  simply  the  representation  of  that  which  forms  the  indefinite 
form  of  Microhaloa,  or  PalnMlla  for  example."  (op.  cit  p.  14). 

II  There  appears  reason  to  believe  that  all  or  most  of  the  flagellate  animalcules  are  vegetable, 
and  the  minuter  are  (such  as  monas)  probably  connected  with  the  reproduction  of  higher  fonns, 
such  as  fungL 
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it  is.  Hassall  noticed,  howeyer,  in  1890,  that  tbe  Thamea  wato  below 
Brentford,  where  it  was  mixed  with  sewage,  swarmed  with  paramecia,  while 
at  Kew,  where  the  water  was  freer  from  sewage  matteis,  they  had  almost 
disappeared.  Subsequent  observations  have  not,  however,  proved  the  relation 
between  paramecia  and  animal  matter  in  the  water  to  be  sufficiently  constant 
to  aUow  the  former  to  be  used  as  a  test  of  the  latter.  Fixed  or  slow  moving 
infusoria,  as  the  vorticellse,  are  also  often  seen. 

(ff)  Fungi, — In  any  water  which  eontoins  nitrogenous  matter  (of  animal 
nature,  at  any  rate),  sugar,  and  a  little  phosphate,  fungi  will  soon  appear,  and 
the  spores,  no  doubt,  enter  from  the  atmosphere.  Spores,  spore-cases,  and 
delicate  mycelium  can  be  seen,  and  often  bacteridia  co-exist.  If  fungi  are 
found  in  water  they  indicate  impurity,  and  such  water  should  not  be  used  if 
it  can  be  avoided,  or  should  be  purified.*  Boiling  does  not  kill  the  fungi, 
according  to  Heisch ;  charcoal  filtration  does  so  according  to  the  same  observer, 
though  Frankland  has  thrown  some  doubt  on  this  point.  Animal  charcoal 
adds  some  phosphate  to  the  water,  and  in  this  way  might  aid  the  growth  of 
fhngL  According  to  Warrington  and  Bischof  spongy  iron  (obtained  by 
calcining  with  charcoal  the  residue  from  burnt  copper  pyrites)  gives  off  no 
phosphate,  and  water  filtered  through  it  is  quite  freed  from  fungi 

Heischf  states  that  sewage  matter  in  water  gives  rise,  when  sugar  is  added 
to  the  water,  to  a  peculiar  fungus,  which  he  describes  as  formed  of  very  small, 
perfectly  spherical  transparent  cells  arranged  in  grape-like  bundles ;  they  grow 
rapidly  into  mycelia,  and  are  attended  with  the  special  character  of  producing 
the  odour  of  butyric  acid.     The  mycelium  soon  disappears. 

Dr  Frankland  doubts  whether  fungi,  which  are  readily  produced  by  adding 
sugar  to  sewage  water,  are  distinctive  of  sewage,  as  apparently  similar  cells  are 
caused  by  other  animal  matters. 

The  identification  of  the  spores  of  fungi,  and  even  of  the  mycelium  as  seen 
in  water,  is  so  extremely  difficult  that  it  would  be  at  present  rash  to  affirm 
that  any  fungoid  elements  are  distinctive  of  fsecal  matter.  The  butyric  acid 
smell  also  is  given  off  by  so  many  impure  waters  that  it  could  hardly  be  used 
as  a  test  for  faeces. 

(/i)  AlgsB  and  diatoms  are  found  in  almost  all  running  streams,  and  algse  are 
also  seen  in  many  well  waters.  They  cannot  be  held  to  indicate  any  great 
impurity;  and  to  condemn  water  on  account  of  their  presence  would  be  really 
to  condemn  all  waters,  even  rain,  in  which  minute  algoid  vesicles  (protococci) 
are  often  found. 

The  forms  of  the  various  confervas  in  water  are  very  numerous ;  some  being 
coloured  green,  at  other  times  they  are  quite  colourless,  round,  isolated,  or 
dustered  Teeicles.  The  immature  forms  may  not  be  easy  of  identification. 
The  diatoms  are  always  easily  recognised  and  identified.  In  many  waters  the 
living  objects  in  the  above  five  classes  comprise  all  that  are  seen,  but  in  other 
cases  there  are  animals  of  a  larger  kind. 

{%)  Hydrozoa,  especially  the  fresh  water  polyps^  are  common  in  most  still 
waters,  and  do  not  indicate  any  thing  hurtful 

(ik)  Worms,  or  their  eggs  and  embryos,  belonging  to  the  class  Scolecida, 
may  occur  in  water,  and  are  of  great  importance.  The  eggs  and  joints  of  the 
tapeworm,  the  embryos  of  the  Bothriocephali,  the  eggs  of  tiie  round  and  thread 
worra%  and  perhaps  the  worms  themselves,  the  Guinearworm,  and  other  kinds 


*  In  the  cues  of  malaiioos  fever  at  TUbnry  Fort  (Army  Med.  Beports,  Tpl.  zrii.)  fnnsoid 
stinctoree  were  foand  in  tbe  water  whose  nee  was  coincident  with  the  fever^  bat  were  absent 
from  the  water,  following  on  whoee  use  the  fever  ceased, 

t  Chemical  News,  June  1870.  * 
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of  Filaria ;  the  eggi  of  Doehmiut  duodenalU,  and  oiher  diatomata,  and  the 
embryoe  of  the  Bilharaia,  have  all  been  recognised  in  water  though  it  has  not 
yet  been  ehown  that  in  all  caeee  they  can  be  thus  introduced  into  the  human 
body.  Possibly  the  FHaria  sanguinis  hominU  may  be  taken  in  drinking 
water,  but  evidence  ia  wanting.  The  worms  themselves  cannot  be  overlooked, 
but  both  the  eggs  and  tbe  free-moving  embryos  are  difBcult  of  identification. 
The  greatest  care  should  be  used  in  examining  water  to  detect  the  ova.  In 
India  the  abundance  of  minute  Filariie  has  led  to  the  general  tetm  of 
"tank-worm"  being  applied. 

The  presence  of  even  common  Ai^illulce  in  water  shows  generally 
an  amount  of  imparity,  and  sacb  a  water  must  be  regarded  with  great 
soapicion.  Small  leecbee  also  are  not  uncommon  in  both  still  and  ruimiug 
waters. 

The  wheel  animalcules  are  common  enough,  and  cannot  be  regarded  as 
very  important,  though,  certainly  when  they  exist  there  must  be  a  good  deal 
of  food  for  them,  and  consequently  impurity  of  water. 

{[)  Entomoetraca  (such  as  the  water  flea,  Daphnia  pulex,  fig.  2  :  the  Cyclops 
qnadricomie,  fig.  3j  the  Sida,  Moina,  Polyphemus,  and  others)  are  very 
conmion  in  the  spring ;  they  occiu;  in  so  many  good  waters  that  they  cannot 
be  considered  as  indicating  any  dangerous  impurity.  It  is  said  that  they  are 
only  found  near  (within  one  or  two  feet)  of  the  surface. 


Fig.  2.  Fig.  8. 


(m)  There  are,  of  course,  many  other  tolerably  large  animals  often  found 
iu  water ;  the  larvee  of  the  water-gnat  (Dijtiecvs),  the  water-boatman,  oi  skip- 
jack (Notonecia  glaaea),  and  the  pupa  form  of  many  insects  may  be  found,  but 
they  are  chiefly  in  pond  water. 

So  many  are  the  objects  in  water  that  the  observer  will  be  often  very  much 
at  a  loss,  first,  to  identify  them,  and  secondly,  to  know  what  their  presence 
impUes.  The  best  way  is  first  to  see  what  objects  appear  to  be  mineral,  or 
non-living  vegeteble  substances,  and  to  fix  the  origin  and  estimate  the  quantity 
as  far  as  it  can  be  done.  Then  to  turn  to  the  living  creatures  and  to  look 
attentively  for  baoteridia,  amt£bK,  fungi,  and  ova,  and  small  worms  and 
leeches,  If  none  of  these  exist,  the  water  cannot  be  considered  dangerous. 
Ciliated  infusoria  of  various  kinds,  Diatoms,  Desmids,  and  Alg^e,  are  chiefly 
important  in  connection  with  microscopic  evidence  of  decaying  vegetable 
matters,  and  with  chemical  tests  showing  much  dissolved  organic  impurity  in 
the  water. 

The  subjoined  plates  show  the  principal  objects  found  in  a  deep  well  water 
(Plate  I.) ;  in  a  ^ow  nmning  stream  (Plato  IL) ;  in  Thames  water  taken  in 
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Descbiftiov  of  Plate  L 

Sediment  from  South  wing  Well,  Netley,  drawn  with  the  Camera  Incida  at  ihe 
diita/nee  of  10  inches  from  the  centre  of  eye-piece  to  paper. 

The  presence  of  inf  tuoria  and  animalB  of  low  type  indicates  the  presence  of  organic 
matter,  animal  or  vegetable,  and  it  is  therefore  important  to  note  their  presence  ;  but 
it  has  not  at  present  been  shown  that  they  are  in  themseLves  at  all  hnrtfal. 

aaa  Actinophrys  Sol,  early  and  complete  stages,  x  260. 

b  Supposed  decomposing  amosba-like  expansions  of  Gromia  fluviatilis, 
X  436. 

e  Fragment  of  carbonate  of  lime,  x  435. 

d  Navicula  viridis,  x  435. 

e  Giammatophora  marina  ?  x  435. 

/  Supposed  encysted  stage  of  Euglena  viridis,  x  435. 

g  Pinnate  conferva,  x  780. 
hhh  Fragments  of  decaying  vegetable  matter,  x  65. 

n  Fragments  of  carbonaceous  substance. 

j  Part  of  conferva  filament,  Conferva  floccosa  f  showing  the  various 
conditions  of  the  protoplasm  in  the  old  and  new  cells,  x  435. 

k  Part  of  leaf  of  Sphagnum  or  bog-moss,  x  108. 

I  Grammatophora  marina,  435. 

m  Minute  spores  with  zoospores  ?  x  436. 

n  Diatoma  hyalinum,  x  435. 

0  CeU  with  dividing  protoplasm,  x  435. 

p  Oxytricha  lingua,  x  260. 

q  Rotifer  vulgaris,  small,  x  108. 

r  Anguillula  fluviatilis,  x  108. 

»  Peranema  globosa,  x  108. 

t  Statoblast  of  a  freeh-water  zoophyte  7  x  108. 

u  Arthrodesmus  incus,  x  435. 

V  Minute  Desmidi»,  Scenedesmus  obtusus,  x  780. 

w  08cillaria(o8cillatoria)l8eviB,  x  780. 

X  HomcDOcladia  filiformis  ?  x  435. 

y  Ankistzodesmus  Meatus,  x  435. 

s  Minute  moving  particles,  x  435.-- <?)  Zoospores. 


(To  Binder— To  face  Plate  I.) 
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Description  of  Plate  II. 

Sedim&nt  of  Ditch  Watery  drawn  with  the  Camera  lucida  at  the  digtanoe  of  10  inches 

from  eye-piece  to  paper. 

a  Decaying  vegetable  matter,  cellular  tissue,  x  108. 
b  Pleuroaigma  formoBum,  before  dividing,  x  170. 
c  Ozytricha  gibba,  x  108. 
d  AmphileptuB  anser,  x  170. 
e  Euglena  viridis,  x  285. 
/  Supposed  urceola  of  some  rotifer,  x  108. 
g  Surirella  gemma,  x  108. 
h      Do        do.      X  65. 
i  Foraminifera,  x  65. 
j  Trachleocerca  Hnguifera,  x  65. 
k  Small  Flanaria  ?  ovisacs  distended,  x  65. 
I  Navicula  viridis,  x  285. 
m  Paramecium  aurelia,  x  170. 
n  Coleps  hirsutus,  x  285. 
0  Pleuronema  crassa,  285. 
p  Monura  dulcis,  x  170. 
q  Surirella  splendida,  x  170. 
r  Biddulpbia  pulchella,  x  285. 
e  Surirella  striatula,  x  170. 
^  Rotifer,  Monolabis  conica  ?  x  106. 
u  ;iregma,  spore  cases,  x  285. 
V  Stentor  ceruleus  ?  do.  v.  x  contracted,  x  170. 
w  Trinema  acinus  7  x  170. 
X  Pinnularia  grandis,  x  170. 
y  Gyrosigma  angulatum  before  dividing,  x  170. 
z  Alyscum  saltans  7  x  170. 
au  Synedraulna,  x  170. 
bb  Amphiprora  alata,  x  285. 
cc  Gyrosigma  Spencerii,  x  285. 
dd  Nitzschia  sigma,  x  170. 
ee  Brachionus  angulans,  x  170. 
ff  Young  Vorticella  ?  x  17a 
gg  Gyrosigma  fasciola,  x  285. 
hh  Trachelius  strictus,  x  285. 
a  Cocconema  Boeckii,  x  170. 
jj  Confervoid  cell  l  with  divided  protoplasm,  x  285. 
kk  Euplotes  Charon,  x  170. 

(To  Binder— To  face  PlaU  IL) 
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Dbsgbiftion  07  Plate  III. 

Drawing  of  Sediment  in  Thames  WaJteir^  taHeen  jtut  above  TeddingUm  Loek,  in  April 
1868.  Notice  the  evidence  of  impvarities  from  men,  viz,,  ^Uhdium,  woollen, 
cotton,  and  flax  fibres. 

Fig.  1.  Coleps  hirsutus. 

2.  Bodo  grandis. 

3.  ActinopluyB  EichomiL 

4.  Epithelium  (tessellated). 

5.  Leucophrys  stiiata. 

6.  Anguillula  fluviatilis. 

7.  Paramecium  chiTsalis,  dividing  (?  sexual  stage). 

8.  Vorticella  microstoma. 

9.  Eerona,  young  ? 

10.  Vorticella  microstoma  (stemless). 

11.  Paramecium  aurelia. 

12.  Conferva. 

13.  Cocconema  lanceolatum. 

14.  Synedra  splendens. 

15.  Gyrosigma  attenuatum. 

16.  Gk»mplionema  acuminatum. 

17.  Wool  fibre,  dyed. 

18.  Cotton  fibre,  dyed. 

19.  Conferva  floccosa. 

20.  Hair,  barbed,  of  ? 

21.  Eerona  mytilus. 

22.  Siliceous  spicule. 

23.  Diatoma  vulgare. 

24.  Fimgi  (?  Torula). 

25.  Flax  fibre. 

26.  Artbrodesmus  quadricaudatus. 

27.  Stylonichia  1  histrio,  dividing. 

28.  Paramecium  caudatum. 

29.  Woody  fibre,  ?  rootlets. 

30.  Pollen. 

31.  Vegetable  tissue  and  myceUum,  with  spores. 

32.  Decaying  vegetable  matter. 

33.  Gomphonema  curvatum. 

34.  Spores  of  Fungi  (?  Aregma). 

35.  Ajitherozoid  of  ? 

36.  Encysted  spore. 

Decaying  vegetable  matter  and  infusoria  abundant. 


(To  Binder— To  face  PUUe  III.) 
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EXAMINATION  OP  WATER— CHEMICAL.  6T> 

1868  aboTe  Teddington  Lock  (Plate  IIL);  in  water  from  a  spring  near 
Eailway  at  Tilbury  (Plate  IV.) 

Chemical  Examination  of  the  Sediment 

The  amount  of  sediment  is  told  bj  taking  two  equal  quantities  of  water 
(say  \  litre),  evaporating  one  quantity  to  dryness  at  once,  and  the  other  after 
subsidence  and  filtration,  so  that  suspended  matters  are  as  far  as  possible 
separated,  and  then  weighing  the  two  residues.  The  difference  between  the 
two  weights  gives  the  amount  of  the  sediment  Or  a  certain  amount  of  water 
may  be  allowed  to  stand  until  all  the  sediment  has  fallen ;  the  water  is  poured 
off,  and  the  sediment  dried  and  weighed.  If  good  Swedish  filtering  paper  is 
obtainable,  the  sediment  may  be  obtained  at  once;  two  filters  should  be 
moistened  with  dilute  hydrochloric  acid,  then  wae^ed  with  distilled  water  and 
then  dried.  The  amount  of  ash  in  one  filter  should  then  be  determined  by 
incineration ;  the  sediment  should  be  collected  on  the  other  filter,  dried, 
weighed,  and  then  incinerated.  The  ash  of  the  filter  itself  being  known,  the 
weight  of  the  ignited  sediment  is  the  total  weight,  less  the  ash  of  the  filter. 
If  it  be  wished  to  carry  the  analysis  farther,  the  sediment  is  .incinerated;, 
mineral  matter  remaios,  while  all  animal  and  vegetable  matter,  whether 
previously  inanimate  or  living,  is  destroyed.  This  matter  of  such  various 
origin  ia  generally  stated  under  the  vague  terms  of  organic,  or  volatile  matter, 
but  this  gives  no  idea  of  its  origin.  Some  of  this  so-called  organic  matter 
may  have  been  dead ;  another  portion  living.  The  mineral  matter  may  be 
further  determined  by  digesting  in  weak  hydrochloric  acid  by  the  aid  of  heat ; 
the  undissolved  matters  are  silica  and  sUicate  of  alumina ;  lime,  iron^  and 
magnesia  will  be  dissolved,  and  can  be  tested  for  as  hereafter  given. 

Sub-Sbction  IL 

Examination  op  Dissolved  Matters. 

In  aU  examinations  of  water,  if  the  sediment  is  not  expressly  referred  to, 
it  is  to  be  understood  that  the  examination  refers  only  to  the  dissolved 
matters.     These  are  gases  or  solids. 

Gases. — Oxygen,  nitrogen,  carbonic  acid,  sulphuretted  hydrogen,  and 
carburetted  hy<fiogen  are  the  most  usual  gases.  If  the  three  former  co-exist> 
as  is  generally  the  case^  the  oxygen  is  usually  in  larger  relative  amount  than 
in  atmospheric  air,  as  it  often  reaches  32  per  cent  The  amounts  of  oxygen 
and  carbonic  acid  depend  so  much  on  varying  conditions,  such  as  the  amount 
of  exposure  to  the  air,  the  growth  or  absence  of  plant  life,  and  the  presence 
of  ftninntla^  as  to  render  the  proportions,  absolute  and  relative  of  the  gases,  so 
variable,  that  few  inferences  of  hygienic  importance  can  be  drawn  from  their 
determination.  A  lessening,  however,  in  the  quantity  of  oxygen  at  one  part 
of  its  course  which  a  certain  water  is  known  to  contain,  may  be  usefuj^  as 
pointing  out  that  organic  matter  has  been  in  the  water.* 

Thus  Professor  Miller  found  that  Thames  water  contained  the  following 
amount  or  gases  in  CO.  per  litre,  in  its  flow  down  stream : — 

vi.<.^<»  Hammer-       Somenet 

Kingrton.  ^j^i,^  House. 

Carbonic  acid,         30-3  ...  452 

Oxygen,         .  7*4  41  1*5 

Nitrogen,       .         15  151         162 


Greenwich. 

Woolwich. 

56-6 

48-3 

•25 

•25. 

15-4 

14-5 

♦  Up  to  quite  recentlj'  G^rapdin  oonsidered  that  the  degree  of  oxygen  (ozym^trie)  was  the 
beet  test  of  a  water's  parity.    He  has  lately  modified  this  view  considerably. 
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The  stability  of  the  nitrogen,  the  incieaee  id  the  earbonic  acid,  and  the 
lessening  of  the  oxygen,  are  well  seen.  If  water  contain  much  carbonic  acid 
bubbles  of  the  gas  form  on  the  sides  of  the  glass  in  which  the  water  is  placed. 

To  determine  the  quantity  of  these  gases,  we  require  a  mercurial  trough,  a 
graduated  tube-measure  to  be  filled  with  mercury  inverted  into  the  trough,  a 
flask  and  a  connecting  tube  with  a  bulb  blown  on  it  The  flask  is  filled  with 
water  and  oonnected  with  the  bulb-tube  by  an  india-rubber  tube,  which  is  to 
be  closed  by  a  clamp.  Some  water  is  put  into  the  bulb,  and  boiled ;  this  is 
to  expel  air  from  the  connecting  tube ;  and  when  this  is  done,  the  end  of  the 
tube  is  put  into  the  mercurial  trough  under  the  ressel  filled  with  mercury, 
the  clamp  is  removed  from  the  india-rubber  tube,  and  the  water  is  cauiiously 
boiled  for  an  hour.  The  gases  collect  in  the  mercurial  tube,  and  are  measured 
(due  regard  being  had  to  temperature  and  pressure,  and  the  other  corrections) ; 
the  carbonic  acid  is  absorbed  by  potash,  the  oxygen  by  potassium  pyrogaUate, 
and  the  nitrogen  is  read  as  the  residua 

As  regards  the  carbonic  acid,  there  is  an  objection  to  this  method,  as  the 
heat  decomposes  the  calcium  and  magnesium  bicarbonatee,  and  therefore  the 
amount  of  carbonic  acid  evolved  is  greater  than  existed  in  the  water  as  free 
carbonic  acid.  On  the  other  hand,  it  is  impossible  by  heat  alone  to  obtain 
all  the  oxygen  and  nitrogen.* 

As  this  operation  is  a  rather  delicate  one,  and  requires  some  practice,  and 
as  the  information  it  gives,  in  a  hygienic  point  of  view,  does  not  appear  to 
be  so  useful  as  that  obtained  by  ouier  methods^  it  may  be  omitted  except  in 
cases  where  the  amount  of  aeration  is  considered  very  important  The 
amount  of  free  carbonic  acid  can  also  be  determined  approximately  by  the 
soap  solution  subsequently  described  Br  Maonamara  has  directed  in  his 
scheme  a  still  simpler  method  for  the  examination  of  water  in  India. 

Dr  Frankland  has  proposed  a  very  ingenious  plan  for  extracting  the  gases 
from  water  without  heat  It  is  an  application  of  the  Sprengel  pump,  in  which 
the  Torricellian  vacuum  of  a  barometer  is  made  to  act  aa  an  air-pump.  The 
gases  can  be  extracted  either  at  the  ordinary  or  boiling  temperature.  It  is 
probable  that  in  laboratories  where  much  water  analysis  is  carried  on,  this 
plan  will  come  into  general  use,  but  it  can  hardly  at  present  be  applied  by 
army  medical  officers. 

Hydrosulphuric  acid  sometimes  occurs  in  water  from  the  decomposition  of 
sulphates  by  organic  debris,  even  by  the  cork  of  the  bottles,  and  then  libera- 
tion of  SH,  by  carbonic  acid.  In  some  mineral  waters  (Marienbad) 
sulphuretted  hydrogen  appears  when  algsB  are  in  the  water,  but  not  without  f 

If  the  gas  is  present  in  any  quantity,  it  can  be  detected  by  the  smelL 
Sulphides  have,  however,  less  smelL  Both,  even  without  smell,  can  be 
detected  by  salts  of  lead.  A  large  quantity  of  water  should  be  taken  in  an 
evaporating  dish,  and  a  little  clear  lead  subacetate  or  acetate  allowed  to  flow 
tranquilly  over  the  surface.  Black  fibres  of  lead  sulphide  are  formed.  If 
lead  acetate  is  mixed  with  solution  of  soda  until  the  precipitate  which  at  first 
forms  is  redissolved,  a  very  delicate  test-liquor  is  obtained.  Solution  of  sodium 
nitro-prusside  is  also  a  delicate  test,  and  gives  a  beautiful  violet-purple  colour. 
As  it  only  acts  on  the  sulphides,  a  little  solution  of  soda  must  also  be  added 
to  detect  the  free  hydrosulphuric  acid. 

Carburetted  hydrogen  in  small  quantity  in  water  is  not  readily  detected, 

*  The  pUn  of  determining  the  oxygen  by  mesns  of  the  sodium  hy^droqulphite,  suggested  by 
SchUtEenbeiiger  and  G^rardin,  is  ingenious  and  rapid)  but  it  has  the  inconvenience  of  requiring 
the  reagent  to  be  fi^eshly  prepared,  as  it  will  not  Keep.  (See  Comptes  Bendus  de  TAcad^mie 
des  Sciences ;  Lefort,  Traits  de  chimie  hydrologique ;  Annales  d*Hyindne,  Janvier,  1877. 

t  Archiv  flir  Wise.  Heilk,  1864,  No.  III.  p.  261. 
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but  Tiemaim  says  tliat  wanning  the  water  to  110"*  Fahr.,  will  enable  the 
smell  to  detect  coal-gas,  when  chemical  leagents  fail  GeneraUy  there  are 
othw  impuritiefi,  especially  if  it  be  deriYed  fiom  gas  imj^egnation.  In  larger 
quantity  it  sometiiiiefl  bubbles  up  from  the  water  of  stagnant  pools,  particularly 
if  there  be  much  vegetable  matter ;  and  in  the  cases  of  some  natural  springs 
in  pefcrolemn  districts,  oan  be  ignited. 

Dissolved  Solids. 

Hie  discrepancies  which  are  sometimes  found  in  the  consecutive  analyses,  or 
in  analyses  by  two  observers  of  the  same  water,  probably  arise  from  the  diffi.- 
cidty  of  always  separating  the  suspended  matters.  Consequently  two  samples, 
apparently  similar,  may  in  reality  contain  variable  quantities  of  suspended 
matters  wMch  affect  the  determination  of  the  solids,  or  influence  other  tests. 

To  avoid  this  source  of  fallacy,  the  water  to  be  examined,  if  sedimentous, 
dionld  be  placed  in  a  well-stoppered  bottle  in  a  dark  place  for  24  or  48  hours, 
untiL  all  sediment  has  subsided,  and  the  clear  water  i^uld  be  then  syphoned 
aS.  If  the  sediment  is  too  fine  to  subside,  the  water  must  be  filtered  through 
paper  (previously  well  washed  with  weak  hydrochloric  acid,  and  then  with 
distilled  water,  aj}d  tiwn  dried),  but  if  possible  filtration  should  be  avoided. 

The  ofaemical  examination  of  the  disaphred  matters  is  divided  into  the 
qualitative  and  the  quantitative. 

Qualitative  Examination  of  Dksolvbd  Solids. 
The  water  may  be  either  at  once  treated,  oi^  in  the  case  of  some  con- 
stituents, it  should  be  concentrated  by  evaporation. 

Water  not  Concemirated. 


SalMtaacefoiiglit 
for. 


Se^gtBts  tote  nMd  andAllecta. 


Beaction 


Cblonne 


Salpfanrie  Acid 


Kltric  Acid 


Litmus  and  turmeric  papers; 
usual  red  or  brown  re- 
actions. 


Oxalate  of  anmoniuoL 
WMte  piecipitata. 

li'itnite  of  sibret^  and  dilute 

nitric  acid. 
"White  pvedpitate  lieooming 

leadccklour. 

Chloride  of  boium  and  di&|ite 

hydrochloric  acid. 
White  prectpitaite. 

Brucine  solution  *  imd  pure 

sulphuric  acid. 
A  pink  and  yellow  zone. 


Usually  neutral.  If  acid  and  acidity  dis- 
appears on  boiling,  it  is  due  to  carbonic 
acid.  If  alkaline  and  disappears  on 
boiUng,  to  ammonia  (rare),  if  perma- 
nently alkaline,  to  sodium  carbonate. 

Six  grains  per  gallon  ffive  turbidity ; 
sixteen  grains  considerable  precipi- 
tate. 

One  gnaa  p«r  gallon  ^yes  a  haze  ;  four 
grains  per  gulon  give  a  marked  tur- 
bidity ;  ten  grains  a  considerable 
precipitate. 

One-aad-a-half  grains  of  sulphate  ^give 
no  precipitate  until  after  standing ; 
three  grains  ^ve  an  immediate  haze, 
and,  after  a  time,  a  slight  precipitate. 

The  sulphuric  acid  should  be  poured 
gently  down  to  form  a  layer  under 
the  mixed  water  and  brucine  solu- 
tion ;  half  a  gmin  of  nitric  acid  per 
gallon  gives  a  marked  pink  and  yellow 
zone;  or,as recommended  by  NicholBon, 
2  CO.  of  the  water  may  be  evanorated 
to  dryness ;  a  drop  of  pure  sulphuric 
add  and  a  minute  crystal  of  brucine 
be  dropped  in ;  '01  grain  per  gallon 
can  be  easily  detected. 


*  Brucine  solution  is  made  by  dissolring  one  gramme  in  1000  C.C.  of  distilled  water.    The 
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Water  not  Concentrat€<l—con\miiedL 


SabBtance  sought 
for. 


Nitric  Acid. 


Nitrons  Acid 


Ammonia 


lion 


Sulphuretted 
Hydrogen 

Sulphides 


Ozidisable 
matter,     in- 
cluding    or- 
ganic matter. 


Do. 


Lead  or  Cop- 
per. 


Reagents  to  be  need,  and  effects. 


Zinc. 


Solution  of  snlphate  of  iron, 
and  pure  sulphuric  acid. 

Olive-coloured  zone. 

Solution  of  pyrogidlic  acid 
and  pure  sulphuric  acid. 

A  pink  zone  turning  purple. 


Iodide  of  potassium*  and 
starch  in  solution,  and  di- 
lute sulphuric  acid. 

An  immediate  blue  colour. 

Nessler's  solution. 
A  Yellow  colour  or  a  yellow 
brown  precipitate. 

Red  and  yellow  prussiates  of 

potash. 
Blue  precipitate. 

A  salt  of  lead. 
Black  precipitate. 


Nitropmsside  of  sodium.  . 
A   beautiful    violet   purple 
colour. 


Gold  chloride : — colour  vary- 
ing from  rose-pink  thi*ough 
violet  to  olive  ;  a  dark 
violet  to  black  precipitate. 


Permanganate  of  potassimn. 
Bed  colour  disappears. 


Ammonium  sulphide.  Dark 
colour,  not  cleared  up  by 
hydrochloric  acid. 


Remarka. 


Sulphuretted  hydrogen.     A 
white  precipitate. 


Add  an  equal  bulk  of  pure  sulphuric 
acid  to  the  water,  and  after  cooling 
pour  in  gently  the  iron  solution,  so  as 
to  float  above  {he  mixed  acid  and  water. 

Add  to  the  water  and  sulphuric  acid 
(prepared  as  for  the  Brucine  test)  a 
dirop  or  two  of  the  solution  of  pyro- 
^lic  acid  (strength  about  2^  per  cent, 
slightly  acidulated  with  sulphuric 
acid.) 

Add  the  solution  of  iodide  of  potassium 
and  starch,  and  then  the  acid ;  the  blue 
colour  should  be  immediate  ;  make  a 
comparative  experiment  with  distilled 
water. 

If  in  small  quantity,  several  inches  in 
depth  of  water  should  be  looked  down 
on  a  white  ground. 

The  red  for  ferrous  and  the  yellow  for 
ferric  salts. 


When  the  wator  is  heated  the  smell  of 
sulphuretted  hydrogen  may  be  per- 
ceptible. 

A  black  precipitate  with  lead,  but  no 
colour  with  nitroprusside  shows  that 
the  sulphuretted  nydrogen  is  uncom- 
bined. 

The  water,  which  should  be  neutml  or 
feebly  acid,  must  be  boiled  for  20 
minutes  with  the  gold  chloride.  If 
no  nitrous  acid  be  present,  the  re- 

.  action  may  generally  be  considered 
due  to  organic  matter. 

In  the  absence  of  nitrites,  the  reaction 
indicates  oi^ganic  matter;  if  action 
rapid,  probably  animal ;  if  slow,  pro- 
bably vegetable. 

Place  some  wator  (100  C.G.)  in  a  white 
dish,  and  stir  up  wiUi  a  rod  dipped 
in  ammonia  sulphide  ;  wait  till  colour 
produced,  then  add  a  drop  or  two  of 
hydrochloric  acid.  If  the  colour 
disappears  it  is  due  to  iron ;  if  not,  to 
lead  or  copper,  f 

This  test  is  not  available  if  there  be  iron 

Present,  should  the  water  be  alkaline, 
t  forms,  however,  in  perfectly  neu- 
tral waters,  but  not  in  acid. 


test  may  be  used  in  another  way :  mix  a  crystal  of  brucine  with  a  drop  of  sulphuric  add  on  a 
wateh  glass,  and  then  let  a  drop  of  wator  run  down  into  it. 

*  Iodide  of  potassium,  1  part ;  starch,  20  parts ;  wator,  500  parts ;  make  the  starch  first  and 
filter  when  cold,  and  add  to  the  solution  of  iodide  of  potassium. 

t  Wanklyn, 
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Water  Coneentrated  to  -^th  {in  a  porcelain  disk.) 


Sabstence  Kmght 
for. 


Reagents  to  be  used,  and  effects. 


Bemukis 


Magnwria 


Phosphoric 
Acid 


Nitric  Acid 


Silicic  Acid 


LeadorCk>pper 
Anenic 


Oxalate  of  ammoniam  to  pre- 
cipitate lime,  then  after 
filtration  a  few  drops  of 
phosphate  of  sodium,  of 
chloride  of  ammoniam^ 
and  of  liq.  ammonise.  A 
crystalline  precipitate  in 
24  hours. 

Molybdate  of  ammonium  and 

nitric  acid. 
A   yellow    colour,   and    on 

standing  a  precipitate. 

Bmcine  and  iron  tests. 


Evaporate  to  dryness, 
moisten  with  strong  hy- 
drochloric acid ;  after 
standing,  add  boiling  dis- 
tilled water ;  pour  off  fluid ; 
dry,  ignite;  repeat  the 
tr«itment  with  hydrochlo- 
ric acid  and  water ;  dry, 
i^ite  again,  and  the  re- 
sidue is  silica,  or  silicate 
of  aluminium. 

As  above. 

Marsh's  or  Beinsch's  tests. 


A  precipitate  forms  in  24  hours,  and  is 
the  triple  phosphate  either  in  tbe 
shape  of  prisms  or  in  feathery  cryst^. 


Add  the  nitric  acid,  and  stir  with  a 
glass  rod,  then  add  molybdate  and 

If  the  nitric  acid  is  in  small  quantity 
it  may  not  be  detected  in  the  uncon- 
centrated  water. 

The  residue  may  be  weighed,  and  thus 
the  silica  determined  quantitatiyely. 
A  little  clay  or  oxide  of  iron  will  be 
sometimes  mixed  with  it. 


Zinc 


Evaporate  to  dryness;  treat 
residue  with  caustic  potash 
or  ammonia,  filter  and  test 
filtrate  with  sulphuretted 
hydrogen ;  a  white  pre- 
cipitate falls. 


If  quantity  be  very  smalL 

Water  should  be  rendered  allcaline 
with  sodium  carbonate  before  con- 
centration, then  acidulated  with  hy- 
drochloric acid. 

This  is  necessary  if  the  quantity  be  small, 
or  if  iron  be  present 


Inferences  from  the  QuaJitative  Tests. 

Sometiiiies  no  time  can  be  given  for  quantitative  determinations,  and  the 
qualitative  tests  are  the  only  means  available  by  which  the  question  so  con- 
stantly put^  whether  a  water  is  wholesome,  can  be  in  some  degree  answered.* 

If  chlorine  be  present  in  considerable  quantity,  it  either  comes  from  strata 
containing  chloride  of  sodium  or  calcium,  from  impregnation  of  sea  water,  or 
from  admixture  of  liquid  excreta  of  men  and  animals.  In  the  first  case  the 
water  is  often  also  alkaline,  from  sodium  carbonate ;  there  is  an  absence,  or 
nearly  so,  of  oxidised  organic  matters,  as  indicated  by  nitric  and  nitrous  acid 
and  ammonia,  and  of  organic  matter ;  there  is  often  much  sulphuric  acid.  If 
it  be  from  calcium  chloride,  there  is  a  large  precipitate  with  ammonium 
oxalate  after  boUing.  If  the  chlorine  be  from  impregnation  with  sea  water, 
it  is  often  in  very  large  quantity ;  there  is  much  magnesia,  and  little  evidence 
of  oxidised  products  from  organic  matters.  If  from  sewage,  the  chlorine  is 
marked,  and  there  is  coincident  evidence  of  nitric  and  nitrous  acid  and 

*  Eubel  and  Tianuum  rely  very  greatly  on  the  qualitative  testae 
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ammoina,  and  sometimes  phosphoric  acid ;  and  if  the  contanmiatioii  be  recent, 
of  oxidisable  organic  matters.  A  stream  fouled  by  animals  or  excreta  may 
thus  show  at  different  times  of  the  same  day  different  amoimts  of  chlorine, 
and  this,  in  the  absence  of  rain,  will  indicate  contamination. 

Ammonia  is  almost  always  present  in  small  quantity,  but  if  it  be  in  large 
amount,  and  be  unaccompanied  by  nitric  acid  and  nitrous  acids  and  chlorine, 
it  probably  indicates  yegetable  impregnation,  and  perhaps  a  marsh  origin.  A 
large  quantity  of  ammonia  in  water  ifl  always  suspicious.  If  nitrates,  &c,  be 
also  present,  it  is  more  likely  to  be  from  animal  substances,  excreta,  &c. 
titrates  and  nitrites  indicate  previously  existing  animal  matters,  excreta,  re- 
mains of  animals,  or  other  animal  substances  i*  but  it  has  not  yet  been  proved 
that  vegetable  matters  may  not  furnish  nitrates.  If  nitrites  largely  exist,  it  is 
generally  supposed  that  the  contamination  is  lec^it  The  coincidence  of 
easily  oxidised  organic  matters,  of  ammonia,  and  of  chlorine  in  some  quantity, 
would  be  in  favour  of  an  animal  origin. .  If  a  water  gives  the  test  of  nitric 
acid,  but  not  nitrous  acid,  and  very  little  ammonia,  either  nitrate  of 
potassium,  sodium,  or  calcium  is  present,  derived  from  soil  impregnated  with 
animal  substances  at  a  long  anterior  date.  If  nitrites  ate  present  at  first,  and 
after  a  few  days  disappear,  this  arises  from  continued  oxidation  into  nitrates ; 
if  nitrates  disappear,  it  seems  probable  this  is  caused  by  the  action  of  bacteria, 
or  other  low  forms  of  life.  Sometimes  in  such  a  case  nitrites  may  be  formed 
from  the  nitrates.  Phosphoric  acid,  if  in  any  marked  quantity,  indicates 
origin  from  phosphatic  strata  (which  is  uncommon)  or  sewage  impregnation. 
Lime  in  large  quantity  indicates  calcium  carbonate  if  boiling  removes  the 
lime,  sulphate  or  chloride  if  boiling  has  little  effect.  Testing  for  carbonate  of 
lime  is  important  in  connection  with  puriiication  with  alum.  Sulphuric  acid 
in  large  quantity,  with  little  Hme,  indicates  sulphate  of  sodium,  and  usually 
much  chloride  and  carbonate  of  sodium  are  also  present,  and  on  evaporation 
the  water  is  alkaline.  If  water  acts  greatly  and  rapidly  on  potassic  perman- 
ganate, nitrites  or  sulphuretted  hydrogen  will  probably  be  found ;  if  not,  the 
rapid  action  is  from  organic  matter,  which  is  decomposing ;  probably  animal, 
as  vegetable  matter  acts  more  slowly.  Ferrous  salts,  which  also  act  on  per- 
manganate, are  uncommon  in  drinking  waters.  Large  evidence  of  nitric  acid, 
with  little  evidence  from  permanganate,  indicates  old  contamination ;  if  the 
permanganate  gives  large  indications,  and  especially  if  there  be  nitrous  acid 
as  well  as  nitric,  the  impregnation  is  recent. 

Tabular  View  of  Inferences  to  be  Drawn  from  Qualitative  Examination. 


Oxidisable 

Character 
of  Water, 

Chlorine. 

matter  by 

Gold 
ChlDrtde. 

Nitrttea. 

Nitmei. 

Arnmonia. 

Salpbstea. 

FhOBfimteB, 

Bemaikih 

Good  .     . 

Slight. 

Slight. 

Trace. 

Nil. 

Nil. 

Trace. 

Trace. 

A  pare  water. 

Usable     . 

Marked 

Slight 

I'raoe 

NIL 

Nfl. 

Marked. 

Trace  or 

Probably  6ea> 

tolaige* 

or  nil. 

nil. 

water  con 
tamination. 

Suspidous 

Laige. 

Marked. 

Trace. 

Trace. 

Trace. 

Marked. 

Marked. 

Probable  ani- 
mal     oon- 
tamlnation. 

Bad    .    . 

Laige. 

Large. 

Marked. 

Marked. 

Marked. 

Marked. 

Marked. 

Probably  aew- 

'Suspicioiu 

Slight 

Moderate. 

Na 

Nfl. 

hnfS^. 

aVaoe. 

Marked. 

age. 
Probably 
vegetableiy 

marsh? 

Uiable     . 

Maiked. 

Slight 

Marked^ 

ThM6. 

Traoe. 

iTnioe. 

Trace. 

Old    animal 

oontanuna- 

tion. 

*  DrFranklapd  has  oonaideied  these  subsftanoes  as  the  fopresentatives  of  **  previous  sewage 
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A  WBi&f  oontainmg  any  met&l  (azeept  iron),  other  than  the  alkaline  and 
etrthy  metaLs,  is  to  be  condemned* 

A  water  containing  any  gas,  otber  than  oxygen,  nitrogen,  or  carbonic  acid,  ia 
to  be  conaidered  aaej[ncioioa,  and  not  to  be  uaed  without  boiling  or  filtration, 
orbotL 

QUANTITATiyB  EXAMINATION  Of  DISSOLVED  SOLIDS. 

The  gases  dissolyed  in  the  water  have  been  already  alluded  to.  Of  the 
solids  in  water,  some  are  mineral,  and  derived  from  the  mineral  constituents 
of  the  soil,  sucb  as  liine,  magnesia,  and  part  of  the  chlorine,  sulphuric, 
carbonic,  and  silicic  acids ;  others  are  also  inorganic,  but  are  derived  from  the 
remains  of  animnJa  or  vegetables,  by  oxidation  or  solution,  or  from  the  atmo- 
sphere, as  ammonia,  nitric  acid,  nitrous  acid,  some  of  the  chlorine,  sulphuric, 
and  phosphoric  acids.  Other  constituents,  derived  from  numerous  sources, 
are  v^table  or  animal  matters,  which  are  usually  unstable,  and  are  under- 
going disintegration  and  oxidation.  They  may  be  nitrogenous  or  not.  The 
oomposition  of  these  substances  is  doubtless  extremely  various ;  the  determina- 
tion of  the  total  quantity  is  difficult ;  the  separation  of  the  different  kinds  from 
each  other,  at  present,  impossible. 

The  methods  by  which  the  quantity  of  this  organic  matter  (to  use 
its  feaniliar  name)  can  be  expressed  have  been  lately  much  debated,  and  even 
now  there  is  no  general  agreement ;  *  nor,  at  present,  is  there  any  plan  by 

eoDtaminatioii.''  In  nuuiy  caResthey  are  so,  but  it  cannot  be  held  that. they  are  always  so  ; 
my  oitrogeDoaB  sabstance,  quite  ap«rt  £n>m 'sewage,  may  furnish  tbem,  so  that  the  phrase  has 
beta  ok^eoted  to,  and  is  better  avoided. 

*  The  foUowiBf^  plans  have  been  tried  at  snooessiye  times  : — 

L  The  eetiroation  by  ignition  of  the  dried  solids.  However  useful  ignition  is  as  indicating 
the  presence  of  nitrites,  nitrates,  or  oi^ganic  matter,  the  results  are  very  uncertain  as  regards 
quantity,  owing  to  the  loss  of  hygrometrlc  wnter,  the  decompMosition  of  carbonates,  and  errors 
ansEDg  m  recaroonating,  the  loss  of  nitrites  and  nitrates,  and  in  some  cases  of  chlorine,  as  well 
M  the  dflSEtrackion  of  oi^g^anic  matter.  Hence  *'  substaaoes  driven  off  by  heat/'  or  **  volatile 
jabs&anoesi,''  is  not  an  equivalent  expression  for  **  organic  matters." 

%  Ftedpitation  by  perchloride  of  iron,  weighing,  incinerating,  and  weighing  again.  The 
Affieolty  h«re  is  that  all  the  oxganic  matter  is  not  precipitated,  and  other  min^al  substances 
mavbe. 

1  The  determination  of  the  nitrogen  and  carbon  in  the  organic  substances.  This  is  the 
pba  proposed  by  Dr  Frankknd,  who  determines  the  nitrogen  in  the  ammonia,  nitric  and 
nitroiis  aods  which  may  be  present,  and  also  that  in  organic  oombination,  and  in  this  way  gets 
tithe  nitivgen,  which  must  nave  formed  part  of  the  oi^ganic  matter  ("  organic  nitroffen  ").  In 
the  same  vray  the  carbon  existing  other  than  in  the  shape  of  carbonic  aeid  is  determined 
(*<  oqpmic  carbon  **).  He  has  propceed  a  most  ingenious  ana  beaatifnl  process,  a  short  account 
rfwmeh  the  medical  officer  will  find  in  my  Beport  on  Hygiene  in  the  Army  Medical  Depait- 
■estfilne  Book,  voL  viii.  p.  800.  The  tnost  recent  and  best  account  of  the  whole  process  is 
wtsjned  i&  Sutton's  Vommetric  Analvsis,  8d  Ed.  p.  291.  This  plan  requires  so  much 
appantus,  timei,  and  skill,  as  to  be  quite  beyond  the  reach  of  medical  officers,  and  it  would  also 
^pesr  that  in  tiie  hands  of  even  very  able  chemists  it  gives  contradictory  results ;  the 
ysntiiici  sere  in  fact  so  small,  and  the  dumoes  of  eiTor  so  repeated,  that  in  its  present  form 
unit  leaUy  beautiful  plan  seems  not  adapted  for  hygienic  water  analysis.  It  is  also  difficult 
to  know  what  oonatmction  diould  be  put  on  the  results ;  a  water  containing  much  non- 
iibo|BDOiB  oiiganic  matter  may  give  a  very  mnch  laiger  amount  of  "  organic  carbon"  than  a 
viter  containing  a  mudi  smaller  amount  of  aitregenons  matter,  and  yet  he  much  less  huri- 

1  Tbe  determination  of  the  nitrogen  of  the  organic  matters  (as  ammonia)  by  means  of 
sftsline  piRmsmganate  of  potassium  (''albuminoid  ammonia"),  after  all  ammonia  existing  as 
nek  in  tae  wat^  has  been  got  rid  of.  This  plan,  proposed  by  Wanldyn  and  Chapman,  has 
the  merit  of  simplicity  and  rapidity.  It  has  oeen  objected  to  by  Framdand  on  ine  ground 
that  tiie  whole  of  the  nitrogen  is  not  obtained.  There  is  no  doubt  of  this ;  but  Wanklyn 
affirms  that  the  quantity  obtained  is  constant*  and  therefore  comparison  between  different 
vaten  can  be  instnuted.  Thudich^  and  Duprig,  in  their  work  on  Wine  (p.  262),  state  that 
they  find  "Uie  albuminoid  ammonia  process  so  accurate  for  albumen  in  wine,  that  they  use 
itia  preference  to  other  methods.  It  must  be  confessed,  I  think,  that  this  point  has  not  ^et 
heen  probed  to  the  bottom,  and  that  especially  the  relation  of  the  "albuminoid  ammonia" 
to  disesse  produced  by  ib»  watar  has  not  been  yet  made  out    The  "  albuminoid  ammonia  "  of 
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whicli  dissolved  vegetable  may  be  distingoislied  from  animal  matter,  except 
by  reference  to  the  microscopic  characters  of  the  sediment,  to  the  source  of  th^ 
water,  and  the  coincident  inorganic  substances. 

Th^  quantitative  processes  which  appear,  in  a  hygienic  sense,  to  be  most 
useful  are  as  follow : — 

Determination  of  the  following — 

1.  The  dissolved  solids. 
[a)  Total 
\b)  Fixed, 
(c)  Volatile. 

2.  Chlorine. 

3.  The  hardness,     (a)  Total     (ft)  Fixed,     (c)  Eemovable. 

4.  Free  or  saline  ammonia  and  nitrogenous  organic  matter. 


ia)  Free  ammonia. 


[b)  Albuminoid  ammonia. 

5.  Oxidisable  matter  and  products  of  organic  oxidation, 
fa)  In  terms  of  oxygen  required  for  total  oxidisable  matter. 
V)  In  terms  of  oxygen  required  for  organic  matter  only, 
c)  Nitrous  acid. 
[d)  Nitric  acid. 

6.  Sulphuric  acid,  silica,  iron,  and  the  alkaline  chlorides  and  carbonates 
may  be  determined,  but  are  seldom  required. 

The  statement  of  results  is  usually  given  in  this  country  in  grains  per  gallon, 
or  in  parts  in  10,000  or  100,000 ;  or  it  may  be  given  in  grammes  per  Htre, 
which  IB  the  same  as  parts  per  1000,  and  by  shifting  the  decimal  point  to  the 
right,  parts  per  10,000,  100,000,  or  per  million  are  obtained.  The  smaller 
quantities  are  conveniently  expressed  in  milligrammes  per  litre.* 

1.  Determination  of  the  Dissolved  Solids. 

(a)  Total  solids. — The  remark  already  made  about  suspended  matters  must 
be  attended  to ;  if  possible,  obtain  a  clear  water  by  subsidence  rather  than  by 
filtenng  through  paper.     The  solids  are  determined  by  evaporation.     If  very 

pure  potable  water  ban  been  simply  taken  as  a  standard,  and  tbe  wbolesomeness  of  other  waters 
judged  of  by  reference  simply  to  this.  But  at  the  present  time  it  appears  to  me  the  best 
process  we  have,  and  (with  some  reservation  as  to  the  precise  inferences  to  be  drawn  from  it)  it 
seems  likely  to  be  generally  adopted. 

5.  Estimation  of  the  organic  matter  in  terms  of  the  oxygen  required  to  oxidise  it,  the  jier- 
manganate  of  potassium  being  the  oxidising  agent.  This  process  has  been  much  used  and 
much  objected  to,  and  some  chemists  have  now  given  it  up.  It  gives,  certainly,  only  an 
approximation,  requires  care,  and  will  only  indicate  the  organic  matter  capable  of  oxidation. 
Yet  it  gives  really  useful  information,  as  it  often  adds  additional  evidence  to  WankWn's  method, 
and  gives  some  indication  as  to  the  old  or  recent  origin  of  nitric  acid  and  is  easy  of  application. 
In  spite  of  the  opinion  expressed  against  it  by  FrankUnd  and  o^ers,  it  appears  to  me  very  undesir- 
able to  discontinue  it ;  and  in  those  cases  where,  from  want  of  apparatus,the  distillation  necessaxT- 
for  Wanklyn  and  Chapman's  method  cannot  be  done,  it  is  at  present  absolutely  essential. 
Kubel  and  Tiemann  reject  both  Frankland's  and  Wanklyn's  methods  as  imtrustworthy^  and 
trust  to  modifications  of  the  permanganate  process. 

*  Grammes  per  litre  are  convert^  into  grains  per  gallon  by  multiplying  by  70.  Milli- 
grammes per  litre,  if  multiplied  by  *07.  are  brought  mto  grains  per  gallon.  Grains  per  gallon 
are  converted  into  parts  per  100,000  by  dividing  by  *7 ;  paurta  per  100,000  are  brought  into 
grains  per  gallon  bv  multiplying  by  *7. 

Equivalents  of  the  French  weights — 

Gramme,  —  15*43   grains. 

Deci^mme,  —    1*548     „ 

Centigramme,  -i      -1548   ., 

MiUigramne,  *-      -01548;, 

Litre,  -    1*764  pints. 
Cubic  Centimetre,  -  16-9  minims, 

28-4  C.C.,  -  1  fluid  ounce  avoir. 
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good  scales  are  available,  200  C.C.  of  the  water  are  sufficient^*  if  tlie  scales 
are  inferior,  500  or  1000  C.G.  of  the  water  must  be  taken ;  then  evapoiate  to 
dryness  with  a  moderate  heat^  taking  care  that  the  water  does  not  boil,  else 
there  may  be  loss  from  spurting.  If  the  smaller  quantity  be  taken,  the  whole 
eyapoiation  may  be  conducted  in  one  vessel  (of  platinum  if  possible) ;  but  if 
the  larger  amount  must  be  used,  the  evaporation  should  be  commenced  in  a 
kge  evaporating  dish,  and  the  concentrated  water  and  deposit,  if  any,  trans- 
ferred  into  a  small  weighed  crucible.  The  transference  demands  great  care, 
80  that  none  of  the  solids  shall  remain  encrusted  in  the  evaporating  dish.  All 
the  contents  of  the  large  dish  being  transferred,  evaporate  to  complete  dryness 
in  an  air,  water,  or  steam  bath,  keeping  the  heat  below  212''  Fahr.  When 
the  solids  appear  quite  dry,  raise  the  heat  (in  an  air  bath)  to  260°  or  270% 
and  keep  it  heated  for  hsJf  an  hour  to  one  hour.  Weigh  as  soon  as  the 
capsole  is  cold,  as  the  dried  mass  may  be  hygrometric 

Professor  Wanklyn  advises  a  very  simple  form  of  steam  bath.  A  common 
two  gallon  tin  can  is  taken,  a  perforated  cork  fitted  in  the  mouth,  and  a 
fannel  passed  through  the  perforation ;  the  crucible  is  placed  in  the  funnel, 
a  little  roll  of  paper  being  placed  between  the  funnel  and  crucible  to  let  the 
steam  pass.     Water  is  boUed  in  the  tin  can.t 

Dr  Frankland  recommends  that  the  heat  shall  not  be  carried  above  212"* 
Fahr.,  while  some  chemists  advise  a  heat  of  over  300^  At  212°  some  water 
nay  be  retained,  while  at  260°  some  organic  matter  may  be  dissipated ;  but 
as  there  is  really  loss  of  organic  matter  in  some  cases  below  212"*,  and  not 
much  more  at  260°,  it  seems  safer  to  have  the  heat  carried  to  the  latter  point, 
and  to  be  thus  sure  of  perfect  dryness.  | 

For  the  same  reason  (viz.,  not  to  cause  loss  of  organic  matter  or  anmioniacal 
salts)  it  is  best  not  to  add  any  sodium  carbonate,  unless  there  be  any 
magnesium  chloride  in  the  water,  when  a  weighed  quantity  of  pure  sodium 
carbonate  can  be  added. 
If  the  heat  is  only  carried  to  212°,  it  should  be  continued  for  a  long  time. 
The  dried  mass  should  be  now  weighed  and  calculated  as  grammes  per 
Ctre,  or  as  grains  per  gallon. 

The  determination  of  the  total  solids  is  a  most  important  point,  and  should 
be  very  carefully  done.  It  gives  a  control  over  the  other  quantitative  deter- 
minations, and  if  erroneous  may  make  the  other  conclusions  wrong. 

(b)  Fixed  solids.  Incinerate  the  dried  solids  with  as  low  a  heat  as 
possible ;  watch  the  process,  and  note  if  there  be  much  blackening,  or  if  any 
« fames  can  be  seen,  or  any  smell  be  perceived  as  of  burnt  horn.  A  piece  of 
filtering  paper  dipped  in  solution  of  potassium  iodide  and  starch,  and  then 
dried,  or  a  piece  of  ozone  paper,  should  be  held  over  the  crucible  to  detect 
my  nitrous  acid  which  may  be  given  out 

(e)  Volatile  solids.  The  loss  on  ignition  may  be  stated  as  '^  volatile  sub- 
stances." It  consists  of  destructible  organic  matters,  nitrates,  nitrites, 
ammoniacal  salts,  combined  water,  combined  carbonic  acid,§  and  sometimes 
chlorides.  The  variableness  of  the  composition  of  the  "  volatile  substances  " 
has  led  to  the  disuse  of  the  process  by  ignition  as  too  uncertain.  Combined 
vith  other  evidence  it  gives,  however,  some  useful  indications.  The  incin- 
erated solids  may  be  examined  for  silica  and  iron,  as  hereafter  noted* 

*  WaaUyn  reoommends  a  "  miniatnre  gallon"  of  70  CC.s,  which,  he  says,  evaporates  in  one 
Imv.    This  is  too  small  without  a  delicate  balance. 

t  If  the  "miniature  gallon"  be  used,  Wanklyn  recommends  an  ordinary  beaker-glass. 

tTSemann  recommends  16(r  to  180°  C.  equal  to  842°  to  854'' F. 

I  l!his  mar  be  restored  by  adding  a  little  solution  of  ammonium  carbonate  and  then  iliyine 
ad  driving  the  excess  of  ammonia. 
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2.  DdermtnaHou  of  Chlorine. 

Chlorine  may  "be  detennined  very  rapidly  by  the  Toltunetric  metiiod. 

Make  a  solution  of  pure  silyer  nitrate,  by  dijssolying  17  grammes  (one-tenth 
of  an  equivalent)  in  1  litre  of  water.  Of  this  solution  1  C.C.  «8'55 
xnilligrammes  of  chlorine,  or  6-85  of  sodium  chloride.* 

Take  100  C.C.  of  the  frater  to  be  examined ;  place  it  in  a  "white  porcelain 
dish ;  add  enough  solution  of  yeUow  potassium  chiomote  to  make  the  solution 
just  yellow,  drop  in  the  silver  nitrate  from  the  burette,  and  stir  after  each 
addition.  The  red  silver  chromate  which  is  first  formed  will  disappear  as 
long  as  any  chlorine  is  present  Stop  directly  the  least  red  tint  is  permanent 
Multiply, the  C.C.  used  by  10,  and  then  by  the  co-efficient  of  chlorinp,  or  of 
eodium  chloride  if  it  be  assumed  that  salt  only  is  present  Neither  the  solu- 
tion of  silver  nor  the  water  must  be  acid ;  if  the  latter  is  acid,  a  little  sodium 
carbonate  must  be  added. 

Example, — In  100  C.C.  of  water,  a  few  drops  of  potassium  chromate  and 
1'5  CO.  of  silver  solution  gave  a  red  colour — l*5x  10  x  3-55  =  53. 
onilligrammes  per  litre :  53  x  0-07  =  3*71  grains  per  gallon. 

This  calculation  may  be  shortly  performed  by  multiplying  the  actual 
number  of  C.C.  used  by  2*48.    The  result  is  grains  per  gallon- f 

If  it  be  reckoned  as  sodium  chloride,  the  factor  should  be  4*09.  This 
process  is  very  useful  for  determining  the  amount  of  salt  in  various  articles  of 
food  and  drii^     In  water  it  is  extremely  sa 

3.  Hardmem 

Clark's  very  useful  soap  test  offers  a  ready  mode  of  determining  tiiis  in  a 
manner  quite  sufficient  for  hygienic  and  economic  purposes.  {  The  processes 
with  the  soap  test  may  be  divided  into  two  headings. 

L  The  determination  of  the  aggregate  earthy  salts,  and  free  carbonic  acid, 
as  expressed  by  the  term  total  hardness.  The  aggregate  determination  can  be 
divided  into  two  kinds  of  hardness,  viz.,  that  which  ia  tmaffected  and  that 
which  is  affected  by  boiling,  and  these  are  termed  the  permanent  and  the 
removable  hardness. 

IL  The  determination  of  the  amotmt  of  certain  constituents,  as  l^e  lime, 
magnesia,  sidphuric  acid,  and  free  carbonic  acid.  These  results  are  only- 
approximative,  especially  in  ttie  case  of  the  magnesia ;  but  they  are  very  use- 
ful, as  they  give  us  enough  information  for  hygienic  purposes,  and  are  done 
in  a  very  short  tima 

Apparatus  required  for  the  Soap  Test.% — Burette,  divided  into  tenths  of  a 
cubic  centimeter ;  measure  of  50  C.C.  or  100  C.C. ;  stoppered  bottles  of  about 
4  ounces  capacity. 

Solutions  Required. — L  Standard  solution  of  barium  nitrate.  The 
strength  of  the  standard  solution  is  0*26  grammes  of  pure  barium  nitrate  to  1 
litre  of  water;  of  the  concentrated  solution,  ten  times  this  strength,  or  2*6 

*  If  4*788  grammes  of  nitrate  of  aUver  are  taken,  instead  of  17  grammes,  and  diasohred  in 
1  litre  of  wate^  1  C.C.  wiU  correspond  to  1  miUigramme  of  chlorine.  This  is  the  strength 
ordered  in  Dr  Macnanuura's  scheme,  and  recommended  by  Waaklyn.  Sntton  propoaes  a  solu- 
tion half  the  strength  and  60  C.C.  of  water  to  be  need. 

f  For  greater  accuracy  a  correction  for  colour  may  be  made,  by  deducting  0*15  gralna  per 
gallon  firom  the  result  as  chlorine,  or  0*24  as  sodium  chloride,  per  gallon. 

X  The  soap  solution  here  recommended  was  BU|Sgeated  by  Assistant-Suigeon  Nieholaon,  R.  A., 
who  has  also  given  a  complete  system  of  analyais  based  on  the  aoiqp  te^  Chemical  Joumaly 
December  1862.    Clark's  solution  may,  however,  be  used. 

§  MM.  Boutron  and  Boudet,  some  years  ago,  made  'some  modifioaticMia  in  the  eoap  teat 
manipulationt  and  their  plan  is  now  commonly  foUowed  in  the  Frendh  aimyi  and  ia  termed 
'"'  HydroUm^trie."    I  am  indebted  to  this  plan  for  several  adaptations. 
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grammee  per  litre.  In  ETigliah  weights  these  are  18*2  gnina  per  gallon  for 
the  standard,  or  18*2  grains  to  16  ounces  lor  the  conoentrated  solution ;  1 
part  of  which  has  to  be  diluted  with  9  parts  of  water  when  used.^ 

1  Solution  of  Soap.  Dissolve  a  piece  of  soft  potash  soap  of  the  Pharma- 
copoeia in  equal  parts  of  alcohol  and  water ;  filter  and  graduate.  Or  rub  in 
a  mortar,  emplastxtim  plumbi  of  the  Pharmacopoeia  with  dry  potassium 
carbonate,  in  the  proportions  of  150  to  40,  or  3f  to  1 ;  lead  carbonate 
and  potassium  oleate  are  formed ;  dissolve  in  rectified  spirit,  filter  and 
gradoateit 

Method  of  Graduaium. — ^Take  50  C.C.  of  the  standard  solution  of  bariui^ 
nitrate ;  put  into  the  shaking  bottle,  and  add  to  it  slowly  the  soap  solution 
from  the  finely  graduated  burette,  shaking  vigorously  after  each  addition,  and 
placing  the  bottle  on  its  side.  When  a  thin  beady  lather,  permanent  for  five 
fflinates,  is  equally  distributed  over  the  whole  surface,  the  process  is  complete. 
Bead  off  the  amount  of  soap  solution  used;  if  exactly  2*2  C.C.  have  been 
used,  the  solution  is  correct ;  if  less,  the  soap  solution  must  be  diluted  with 
spirit  and  water.  A  simple  rule  will  show  how  much  spirit  must  be  added. 
Suppose  1'6  C.C.  have  been  used,  and  that  the  whole  of  the  unused  soap  solu- 
tion which  has  been  made  measures  210  CO.,  then 

As  1-6     :    2-2     :     :     210     :    a? 
X     -     288-7   C.C. 

The  210  C.C.  must  then  be  diluted  with  spirit  and  water  to  288-7  C.C.     The 
solution  should  then  be  tested  once  more  to  see  that  it  is  quite  correct 

To  avoid  trouble,  it  is  best  always  to  make  the  soap  solution  too  strong 
at&st. 

As  the  accuracy  of  all  the  subsequent  processes  depends  on  this  graduation, 
it  is  necessary  to  take  the  greatest  care  in  the  operation. 

In  all  cases  the  glasses,  burettes,  &c.,  must  be  perfectly  clean ;  the  least 
quantity  of  acid,  for  example,  will  destroy  the  accuracy  of  the  process. 

Rationale  of  the  Process, — ^When  an  alkaline  oleate  is  mixed  with  pure 
vater,  a  lather  id  given  almost  immediately ;  but  if  lime,  magnesia,  iron,  baryta, 
alnniina,  or  other  substances  of  this  kind  be  present,  oleates  of  these  bases  are 
formed,  and  no  lather  is  given  until  the  earthy  bases  are  thrown  down.  Free 
(but  not  combined)  carbonic  acid  prevents  the  lather.  The  soap  combines  in 
equivalent  proportions  with  these  bases,  so  that  if  the  soap  solution  be  graduated 
by  a  solution  of  known  strength  of  any  kind,  it  will  be  of  equivalent  strength 
for  corresponding  solutions  of  other  bases.  There  are,  however,  one  or  two 
points  wluch  render  the  method  less  certain.  One  of  these  is,  that,  in  the 
case  of  magnesia,  there  is  -  a  tendency  to  form  double  salts  (Playf air  and 
CnapbeU),  so  that  the  determination  of  magnesia  is  never  so  accurate  as  in 
the  cases  of  lime  or  baryta.  Carbonic  acid  appears  to  unite  in  equivalent  pro- 
portions when  it  is  passed  through  the  soap  solution ;  but  if  it  be  diffused  in 
water,  and  then  shaken  up  with  the  soap  solution,  two  equivalents  of  the  acid 
Quite  with  one  of  soap. 

It  being  clearly  understood  that  the  soap  test  is  approximative  (though 
Rally  accurate  if  carefully  used),  it  will  be  found  an  extremely  convenient 
pbn  for  medical  men,  as  it  demands  very  little  time. 

To  avoid  the  repetition  of  the  term  tenth  of  a  centimeter,  it  wiU  be  convenient 
to  call  each  tenth  of  a  centimeter  one  measure. 


*8ohitlon  of  calciton  chloride,  as  originidly  used  by  Dr  dark,  is  often  recommended,  but 
At  Barima  aitmto  is  move  poavenieiit. 
t  Redwood  and  Wood.    By  this  plan  a  very  pxie  and  unalterable  eoap  solution  is  obtained. 
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equals  in  miUigiamines 

>  -14  lime  or  •!  calciuin.' 

99                                                  99 
99                                                  » 

'1  magnesia  or  *6  magnesiuoL 
'2  aDhydious  sulphuric  acid  SO3,  or 
•24  SO4. 

99                                                      )) 

'25  calcium  carbonate. 

*34  calcium  sulphate. 

*21  magnesium  carbonate. 

•22  carbonic  acid  COj,  or  -3  CO3. 

»                                                      7> 

*115  sodium. 

9»                                                      )} 

•195  potassium. 
•177  chlorine. 

»                                                      » 

•14  iron. 

Processes  mth  the  Soap  Test. 

(a)  Determination  of  the  total  Hardness  of  the  Water. — Take  50  C.C.  of 
the  filtered  water ;  put  it  in  a  small  stoppered  bottle,  and  add  the  soap  solution 
from  the  burette ;  shaking  it  strongly  until  a  thin  uniform  beady  lather  spreads 
over  the  whole  surface  without  any  break.  If  the  lather  is  permanent  for 
five  minutes,  the  process  is  complete ;  if  it  breaks  before  that  time,  add  a  drop 
or  two  more  of  the  solution,  and  so  proceed  until  a  lather  be  obtained  that  is 
permanent  for  five  minutes. 

Then  read  off  the  number  of  measures  of  soap  solution  used. 

From  the  total  number  of  measures  (or  tenths  of  a  centimeter)  used,  deduct 
two,  as  that  amount  is  necessary  to  give  a  lather  with  50  C.C.  of  the  purest 
water,  and  this  deduction  has  to  be  made  in  all  the  processes.  The  soap  solu- 
tion which  has  been  used  indicates  the  hardness  due  to  all  the  ingredients 
which  can  act  on  it ;  in  most  drinking  waters  there  are  only  lime  and  magnesian 
salts,  iron,  and  free  carbonic  acid. 

The  amount  of  this  total  hardness  is,  for  convenience,  usually  expressed  in 
this  country  in  the  manner  proposed  by  Dr  Clark,  t.e.,  though  dependent  on 
various  causes,  it  is  expressed  as  equivalent  to  so  much  calcium  carbonate  per 
gallon,  and  in  Clark's  scale  1  grain  of  calcium  carbonate  per  gallon  is  called  1 
degree  of  hardness.  Express  the  total  hardness,  therefore,  in  degrees  of  Clark's 
scale,  t 

This  is  done  as  follows : — 

Each  0*1  C.C.,  or  in  other  words,  each  measure,  of  our  soap  solution  corres- 
ponds to  •25mg,  of  calcium  carbonate.  Multiply,  therefore,  this  co-ejQ&cient  by 
the  number  of  measures  of  soap  solution  used,  and  the  result  is  the  hardness 
of  50  C.C.  of  water  expressed  as  calcium  carbonate.  Then,  as  we  have  acted 
on  one-twentieth  of  a  litre,  multiply  by  20  to  give  the  amount  per  litre,  and 
then  by  0*07  to  bring  the  amount  to  grains  per  gallon. 

Example. — ^A  lather  was  given  with  6*2  C.C.,  or  52  measures  of  the  soap 
solution.  (52-2)  X '25x20  X  0-07  =  17-5  grains  of  calcium  carbonate  per 
gallon. 

Hardness  expressed  as  calcium  carbonate  » 17''*5  Clark's  scale 

(viz.,  1*  sa  1  grain  of  CaCog  per  gallon). 

*  The  numbers  of  the  metals  as  well  as  of  the  oxides  are  given,  as  the  castom  is  beoomins 
general  of  stating  the  amount  of  the  metals  themselves.  So  also  the  sulphuric. acid  mav  be 
stated  as  SO4  (like  chlorine)  instead  of  SO. ;  this  also  facilitates  a  calculation  of  combinations, 
if  this  is  desired.  For  the  same  reason,  the  corresponding  quantities  of  chlorine  and  sodiiizxi 
are  given,  for  the  convenience  of  calculation. 

+  Hardness  is  now  frequently  expressed  as  parts  in  100,000— to  convert  Clark's  degrees  into 
this  notation,  multiply  by  1  '48.  Conversely  degrees  per  100,000  may  be  converted  into  CIark.*s 
degrees^  by  dividing  by  l*i8. 
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The  same  result  (viz.,  grains  per  gallon)  is  obtained  if  the  number  of 
maaBUies  (lees  2)  is  multiplied  by  *35 ;  thus,  52  measures  were  used 

(52  -  2)  X -36  =  17-5. 

If  the  hardness  of  the  water  exceeds  80  measures  of  the  soap  solution,  25 
CC.  of  water  only  should  be  taken,  and  25  C.C.  of  distilled  water  added. 

The  result  must  then  be  multiplied  by  2. 

(6)  The  Permanent  or  Irremovable  Hardness. — Boil  a  known  quantity 
biifikly  for  half  an  hour,  and  replace  the  loss  by  distilled  water  from  time  to 
time,  allow  to  ,cool  in  the  vessel,  which  should  be  corked,  and  determine  hard- 
ness in  50  CC.  If  distilled  water  is  not  procurable,  then  boil  200  C.C.  down 
to  100;  take  half  the  remainder  ^(lOO  of  unboiled  water)  and  determine 
hardnoBS.*  After  deducting  2  measures,  divide  the  number  of  measures  by 
2  for  the  hardness  of  50  C.G.,  and  calculate  as  usuaL 

By  boiling,  aU  carbonic  acid  is  driven  off;  all  calcium  carbonate,  except 
about  two  grains  per  gallon,  is  thrown  down ;  the  calcium  sulphate  and  chloride 
are  not  affected  if  the  evaporation  is  not  carried  too  far;  the  magnesium 
carbonate  at  first  thrown  down  is  re-dissolved  as  the  water  cools.  If  iron  is 
present,  most  of  it  is  thrown  down. 

Example. — ^Before  boiling,  52  measures,  and  after  boiling  23  measures,  of 
tiie  soap  solution  were  used. 

(23 -^  2)  X -25  X  20  X  0-07  =  7-35 

grains  of  calcium  carbonate  per  gallon. 

(e)  Bemovable  Hardness. — ^The  difference  between  the  total  and  the  per- 
manent hardness  is  the  temporary  or  removable  hardness,  which  in  the  example 
would  be  17  '5  -  7  '35  s  10 '15  grains  of  calcium  carbonate  per  gallon. 

The  amount  of  permanent  hardness  is  very  important,  as  it  chiefly 
represents  the  most  objectionable  earthy  salts — ^viz.,  calcium  sulphate  and 
cUoiide,  and  the  magnesian  salts.  The  greater  the  permanent  hardness,  the 
worse  is  the  water.  The  permanent  hardness  of  a  good  water  should  not  be 
greater  than  3°  or  4"*  of  Clark's  scale. 

The  determination,  then,  of 

1.  The  total  hardness, 

2.  The  permanent  or  irremovable  hardness, 

3.  The  temporary  or  removable  hardness, 

will  enable  us  to  speak  positively  as  to  the  hygienic  characters  of  a  water,  as 
bi  as  earthy  salts  are  concerned  f 

*  If  there  is  much  fixed  hardness  this  prooess  is  hardly  aTsilable. 

t  Determination  of  Certain  Constituents  by  Soap.— hi  maDy  cases  the  analysis  must  end 
vitb  the  above  processes ;  but  it  may  be  desirable  to  carry  it  farther^  and  to  determine  the 
amonnt  of  some  ingredients  ;  for  ezami>le,  lime,  magnesia,  sulphuric  acid,  carbonic  acid. 

An  approximate  estimate  can  be  given  of  several  of  these  ingredients  by  the  soap  test, 
vbich  is  sufficient  for  hygienic  punoses ;  and  any  one  who  has  learned  to  properly  determine 
the  hardness  of  a  water,  will  be  able  to  carry  on  the  process  into  finer  details. 

Law  bu  the  Soap  Test — Messrs  Boutron  and  Boudet  have  proposed,  after  determination  of 
totsl  hardness,  to  precipitate  the  lime  by  anmionium  oxalate,  ana  then  to  determine  the  hard- 
ocss  sgain.  The  difference  will  be  owing  to  lime  removed.  |The  difficulty  here  is  to.  add 
cnoagh,  and  not  too  much,  of  ammonium  oxalate,  which  itself  in  excess  gives  hardness. 

I  have  found  the  best  way  to  perform  this  process  is  to  have  a  perfectly  concentrated  clear 
solution  of  ammonium  oxalate,  and  to  add  to  50  C.C.  of  water  1  drop  for  every  4  measures 
of  loan  solution  used ;  then  in  other  bottles,  to  add  respectively,  1,  2,  and  8  drops  more. 
Then  oetermine  hardness  of  all  the  bottles,  and  select  the  result  which  gives  the  least  hardness. 
In  this  "WKV  we  can  hit  on  the  bottle  which  contains  enough,  but  not  too  much  ammonium 
onJate.  The  water  need  not  be  filtered,  but  it  should  be  allowed  to  stand  at  least  for  three 
or  four  honrs^  or,  better  still,  twenty*four  hours,  before  the  hardness  is  taken.    \  i 

Then  multiply  the  difference  between  the  total  hardness  and  the  hardness  after  the  addition 
of  the  oxalate  by  the  co-efficient  for  lime;  this  is  '14,  as  each  measure  of  the  soap  solution 
ii  cquivaleiit  to  tlus  amount  of  lime. 
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Sulphuric  Add  by  Soap  Test. — ^This  plan  was  pfoposed  by  Bantron  and 
Boudet,  and  is  briefly  as  follows : — ^The  hardness  of  the  water  being  known, 
50  C.C.  of  the  standard  barytic  solution  (-26  grammes  per  litre)  are  added  to 
50  C.C.  of  water,  and  the  mixture  is  allowed  to  stand  for  24  hours.  The  hard- 
ness (supposing  no  SO^  were  present)  would  be  exactly  equal  to  the  original 
hardness  of  the  water  and  of  the  baiytic  solution  combined.  But  SO4  being 
present,  barium  sulphate  is  precipitated,  and  there  is  a  loss  of  hardness.  Each 
degree  of  loss  equals  *24  of  sulphuric  anhydride  (SO4). 

Example. — Original  hardness, 62 

50  C.C  barytic  solution         ,        ...         22 

84 
After  precipitation,        ,        «        .        .        •        71*2 


Difference^        ....        12*8 
-24  X  12*8  X  20  X  0-07  »  3-584  grains  per  gallon  of  SO4. 

Example.— Total  htadnwa,  .  .  .  .  fiS 

After  lime  precipttatedf    ....  10 

Difference,  ....  42 

42  measures  x  '14  x  20  x  0'07«>8  '292  gisiae  of  lime  per  gallon. 
Or,  to  save  trouble,  midtiply  the  number  of  measores  by  '196  ;  the  result  is  grains  per  gallon. 
If  carefully  done  this  result  will  be  near  the  truth. 

Magnesia  by  the  Soap  TVa^— Boutron  and  Boudet  propose  to  detennine  the  magnesia  bv 
boiling  the  water  from  which  the  lime  has  been  thrown  down.  AH  usual  elements  of  hara- 
ness,  except  the  magnesia,  are  thus  got  rid  of.  This  is  by  no  means  so  accurate  a  process  as 
that  of  the  lime  ;  the  lather  is  formed  much  less  perfectly  and  sharply,  and  in  addition  the 
constitution  of  the  magnesia  and  soap  compound  ia  yariable.  The  result  most  be  considered 
as  quite  approximative,  but  may  sometimes  be  rendered  more  accurate  by  diluting  with  dis- 
tilled water. 

Take  200  C.C.  of  water ;  add  to  it  the  number  of  drops  of  solution  of  ammoniom  oxalatB 
known  to  be  sufficient  by  the  lime  experiment ;  allow  to  stand  for  twenty-four  houia ;  filter^ 
boil  for  half  an  hour,  replace  loss  by  distilled  water ;  allow  to  cool  in  the  yesael,  which 
should  be  well  corked,  and  determine  hardness  in  50  C.C. 

As  the  lime  has  been  thrown  down  and  all  iron  removed,  and  earbonio  acid  diiToa  off,  the 
hardness  is  owing  to  magnesian  salts  of  some  kind. 

Calculate  as  magnesia,  the  co-efficient  of  which,  for  each  degree  of  soap  solution,  is  *1,  or, 
as  magnesium,  the  co-efficient  of  which  is  '06. 

ExaitnpU, — Hardness,  after  [driving  off  carbonic*acid  by  boiling  and  precipitating  lime  —ll, 
(11-2)  x'l  X  20  X  0'07  -  1*26  grains  of  magnesia  per  gallon. 
Or,  to  save  trouble,  multiply  the  number  of  degrees  by  *14 ;  the  result  is  grains  per  gallon. 

Although  this  result  is  approximative,  it  is  really  nearer  the  tmth  than  ^deteiaunatioii  by 
weighing  m  the  hands  of  a  beginner. 

FreeCarbonie  Acid  by  the  Soap  Test,— In  order  to  get  rid  of  the  fallacy  from  flree  carbonic 
acid  acting  on  the  soap,  Clark  recommended  that  the  water  should  be  well  shaken  in  a  bottle, 
so  afi  to  disengage  some  of  the  COf,  and  then  that  the  air  should  be  sucked  out.  But  th|a 
does  not  entirely  remove  the  carbonic  acid. 

By  the  soap  te^  the  free  carbonic  add  can  be  determined^i  the  following  way :  'Haaw 
down  all  the  lime  carefully  by  ammonium  oxalate,  without  adding  an  excess,  and  determine 
the  hardness  in  60  C.C.  as  usual.  The  haidness  will  be  owing  to  magnesian  salts,  iron,  if  it 
exists  (or  alumina  or  baryta  in  mineral  waters),  and  carbonic  acid.  If,  now,  the  water,  trwd 
from  lime,  be  boiled,  and  the  loss  of  water  replaced  by  distilled  water,  the  carbonic  acid  will 
be  driven  off.  The  hardness  should  be  then  again  determined.  The  difference  between  the 
first  and  second  trials  wiU  (if  no  iron  exist  in  the  water)  give  the  amount  of  soap  sohition 
which  had  been  previously  acted  on  by  the  carbonic  aoid. 

Example,— 1.  Total  magnesian  and  carbonic  add  hardness,     —  12  measorei. 
2.  Magnesian  hardness,    .  .  .  .    7       ^^ 

Carbonic  add  hardness,  .  .   _    5       ,^ 

1  metswre  of  soap  sol.  oonesponds  to  '22  milligrammes  carbonic  add.    Therefore, 

*22x  5x20x0'07-l'54  grains  per  gallon. 
As  2*116  cubic  inches  weigh  one  grain,  multiply  the  nunber  of  grains  by  8*116  to  bring  into 
cubic  inches  per  gallon. 

l'54x2116-8'25  cubic  inchM. 
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*  Usually  this  process  gives  good  results.  Occasionally,  from  some  cause  of 
which  I  am  ignorant,  the  harium  sulphate  does  not  precipitate.  This  does  not 
depend  on  the  amount  of  sulphuric  acid  The  ease  with  which  this  process  is 
done  ronders  it  usefuL  The  barytic  solution  is  only  strong  enough  to  precipitate 
6*72  grains  of  sulphuric  acid  (SO^)  per  gallon,  so  that  half  the  water  only 
must  be  taken,  or  less,  if  the  sulphuric  acid  be  evidently  in  large  amount* 
Short  factors  :  for  SO3- 0.280,  for  SO^- 0-336. 

DetermincUion  of  tJie  Earthy  and  AlkcUine  Carbonates  by  MoWb  Process, 

This  is  a  very  elegant  process,  and  may  be  usef  uL 

Prepare  a  standard  solution  of  sulphuric  acid  by  mixing  4*9  grammes  by 
weight  of  pure  sulphuric  acid  with  distilled  water  up  to  one  litre ;  2  C.C. 
will  saturate  10  milligrammes  of  calciimi  carbonate.  Prepare  a  solution  of 
cochineal,  by  bruising  the  dried  commereial  cochineal  and  digesting  it  with 
water,  which  is  gently  heated,  for  a  short  time.   Add  a  little  alcohol  and  filter. 

Process, — Take  70  C.C.  of  the  water  to  examine,  and  add  a  drop  or  two  of 
the  cochineal  solution,  which  gives  a  carmine  red  colour.  Then  run  in  the 
standard  acid  solution  till  the  colour  becomes  yellow  or  brown-yellow.  Bead 
off  the  number  of  C.C.  used,  and  multiply  by  5.  The  result  is  grains  of  earthy 
and  alkaline  carbonates  per  gallon,  stated  as  calcium  carbonate 

Example. — 70  C,C.  of  a  sample  of  water,  reddened  with  cochineal,  required 
3 '9  of  standard  solution  to  make  it  yellow : — then  3*9  x  5  =  19*5  «  grains  per 
gallon  of  earthy  and  alkaline  carbonates  as  calcium  carbonate.  If  the  water 
be  not  alkaline  to  test  paper,  the  result  will  represent  calcium  carbonate  only. 

Or,  to  shorten  the  calculation,  multiply  the  number  of  degrees  of  soap  solution  by  'd5 ;  the 
result  is  the  amount  of  cubic  inches  per  gallon. 

5  X  '65*3 '25  cubic  inches  per  gaUon. 

Tf  much  iron  exists  in  the  boiled  water,  it  must  be  determined  and  its  amoimt  deducted 
one  measure  of  soap  solution  corresponds  to  '14  grammes  of  iron  (Fe). 

DeUrminaJtion  of  1mm  and  Magnesia  by  Weight 

It  may  be  desired  to  determine  the  lime  and  magnesia  by  weight,  and  the  following  processes 
can  then  be  used  : — 

Lime  by  weight. — ^Take  a  known  quantity  of  water ;  add  ammonium  oxalate,  and  then 
ammonia  enough  to  give  an  ammoniacal  smell.  Allow  precipitate  thoroughly  to  subside,  and 
then  wash  by  decantation,  or  by  throwing  the  precipitate  on  a  small  filter  of  Swedish  paper, 
the  weight  of  the  ash  of  which  is  known,  becantation  is  recommended.  If  a  filter  is  used, 
wash  precipitate  on  filter :  dnr ;  scra^  precipitate  from  filter,  and  place  in  a  platinum  crucible ; 
bum  niter  to  an  ash,  by  holding  it  m  a  strong  gas  flame,  and  place  it  also  in  the  crucible. 
Heat  the  crucible  to  gentle  redness  for  fifteen  minutes,  moisten  with  a  little  water,  and  test 
with  turmeric  paper.  If  no  reaction  is  given,  the  process  is  done.  If  the  paper  is. browned 
<8howing  presence  of  caustic  lime),  recarbonnte  with  ammonium  carbonate,  drive  off  excess  of 
ammonia,  dry,  and  weigh. 

The  substance  weighed  is  calcium  carbonate,  multiply  by  '56,  and  the  result  is  lime. 

Mohr's  plan  might  also  be  used,  viz. : — precipitation  of  the  lime  in  an  ammoniacal  solution 
by  standard  oxalic  acid,  and  then  titration  of  tne  excess  of  the  latter  by  permanganate. 

Magnsena  by  weight, — Take  the  water  from  which  the  lime  has  been  thrown  down  ;  evapo- 
rate to  a  small  bulk ;  filter  if  there  be  turbidity ;  add  solution  of  ammonium  chloride  and 
ammonia  to  slight  excess  ;  then  add  a  solution  of  sodium  phosphate ;  stir  with  a  glass  rod  ; 
set  aside  for  twelve  hours  ;  throw  precipitate  on  a  filter,  carefully  detaching  it  from  the  sides 
of  the  glass ;  wash  with  ammoniacal  water  ;  dry  ;  incinerate  in  an  intense  heat ;  weigh,  taking 
care  to  deduct  the  ash  of  the  filter  known  by  previous  experiment.  The  substance  is  mag- 
nesium pyrophosphate ;  multiply  by  '36036  to  get  the  amount  of  magnesia. 

Sulphuric  Add.— "^V^  a  known  quantity  of  the  water  (500  to  1000  CO.),  acidify  with 
hydrochloric  acid  and  evaporate,  but  not  so  far  as  to  run  any  risk  of  throwing  down  sulphate 
of  calcium  ;  filter ;  and  then  add  chloride  of  barium ;  allow  to  stand,  and  wash  the  precipitate 
by  decantation  ;  dry  ;  weigh ;  multiplv  precipitate  by  -34305  to  get  the  amount  ot  sulphuric 
anhydride  (SO})  or  by  *411,  if  it  is  wished  to  calculate  it  as  SO4. 

*If  the  amount  of  80^  be  small,  evaporation  may  be  reborted  to,  or  the  gravimetric  method 
mentioned  above.  Wildenstein's  method  also  gives  good  results.  See  Sutton's  volumetric 
analysis,  3d  edition,,  p.  07 ;  also  Report  on  the  progress  of  Hygiene,  Army  Medical  Reports,  Vc^. 
jcT.  p.  188. 
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Should  the  latter  be  already  known  (through  the  hardneas),  the  difiPeienoe^  if 
aay>  will  represent  sodium  eas4)onate^  and  may  be  ealculated  out  aa  suck 

4  DOerminaHoM  qf  Free  or  Saline  AmmotUa  and  NUngencnu 

Organic  Matten 

(a.)  IFret  Ammordtz. 

Strictly  speaking,  ammonia  is  not  derived  solely  from  organic  matter,  as  it 
is  found  in  the  atmosphere.  Oiganic  matter  passing  into  water  is,  however, 
the  chief  source,  and  it  seems  clear  that  both  vegetable  and  animal  substances 
will  give  rise  to  ammonia. 

The  very  delicate  test  of  ammonia  discovered  by  Nessler*  was  first  applied 
to  quantitative  determinations  by  the  late  Professor  Miller  and  Mr  Hadow,  and 
more  recently  has  been  adopted  by  Br  Frankland,  and  by  Professor  Wanklyn 
and  Mr  Chapman.  It  is  now  very  largely  used  in  water  analysis,  and  affords 
a  method  of  determining  several  important  constituents. 

Preparation  of  Neeel^s  Solution, — Take  50  grammes  of  potassium  iodide, 
and  dissolve  in  250  C.C.  of  distilled  water;  reserve  a  small  quantity,  warm 
the  larger  part,  and  add  a  strong  aqueous  solution  of  corrosive  sublimate,  xintil 
the  precipitate  ceases  to  disappear,  then  add  the  reserved  solution  of  iodide  so 
as  to  just  dissolve  the  red  precipitate;  filter,  and  add  to  the  filtrate  200 
grammes  of  solid  potash  dissolved  in  boiled  water.  Dilute  to  1  litre,  and  add 
5  C.C.  of  a  saturated  aqueous  solution  of  mercury  bichloride.  Allow  to  sub- 
side, decant  the  clear  liquid,  and  keep  it  in  a  dark  place. 

Stmidard  Solution  of  Ammonium  Chloride, — Make  a  solution  of  ammonium 
chloride  by  dissolving  '0315  grammes  in  a  litre  of  water :  this  is  equivalent  to 
•01  gramme  of  ammonia  (NHj)  in  the  litre ;  in  other  words,  each  C.C.  will 
represent  '01  milligramme  of  ammonia. 

Instead  of  weighing  *0315  grammes,  it  is  best  to  make  a  solution  of  ten 
times  the  strength  (viz.,  -815  per  litre  =  "1  milligramme  of  NH3  for  1  C.C.), 
and  to  dilute  it  when  required  by  adding  nine  parts  of  water  to  one  of  the 
liquid.  If  sulphate  of  ammonia  is  used  instead  of  chloride,  the  amount  is 
•3882  grammes  per  litre  for  the  strong  solution  (1  C.C.  =■  •!  milligramme). 

Pure  Distilled  Water, — If  distilled  water  is  redistilled,  and  the  first  portion 
be  rejected,  the  next  portion  is  usually  free  from  ammonia.  Or  the  water 
may  be  distilled  from  potassium  permanganate.  A  good  plan,  suggested  by 
Dr  J.  L.  Notter,  la  to  add  phosphoric  acid  to  the  water  before  distilling :  thiis 
fixes  the  ammonia.  Before  the  test  is  used,  the  water  should  itself  be  tested 
with  Nessler^s  solution,  and  it  should  be  also  certain  that  it  contains  no 
organic  matter  which  can  furnish  ammonia.  It  should  also  be  free  from  00^, 
which  interferes  with  the  sharpness  of  the  reaction. 

These  solutions  being  ready,  the  following  process  is  gone  through : — 

Place  in  a  retort  250  CC  of  the  water  to  be  examined,  and  5  C.C.  of 
saturated  sodium  carbonate  solution  (although  Wanklyn  says  that  this,  as  a 
rule,  is  not  necessary).  Attach  the  retort  to  a  Liebig's  condenser,  and  distil 
off  about  120  CC  ;  carefully  measure  the  amount  of  distillate ;  test  a  little 
with  Neseler's  solution  in  a  test-tube ;  and,  if  the  colour  be  not  too  dark,  take 
100  CC.  of  the  distiUate  and  put  it  into  a  cylindrical  glass  vessel,  placed 
upon  a  white  plate  or  piece  of  white  pe^r.  Add  to  it  1^  CC.  of  Nessler. 
Put  into  another  similar  cylinder  as  many  C.C.  of  the  standard  ammonium 
chloride  solution  as  may  be  thought  necessary  (practice  soon  shows  the 

*  The  brown  precipitate  produced  by  Nesaler*i  solution  has  the  compoBition  NHg.  I,  OH* ; 

tbere  are  17  parts  of  ammonia  in  559,  so  that  multiplying  the  mght  of  the  precipitatoi^  'O8DII 

'/         17  \ 

f  viz.,  Tgi)  gives  the  weight  of  theammonia. 
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anoniitV  and  fill  up  to  100  C.G.  with  pms  distilled  water :  drop  in  1^  C(X 

of  Neafltie.    If  tibe  oabun  eorseiiMiid  ike  psotesB  vb  finighfld,  and  the  amoimt 

of  aBmoBimn  chlorida  uwd  is  zcad  o£     If  tbe  eoL(HUni  aw  noX  th9  aas^e,  add 

a  littia  mom  AmmontBm  chloiide  ao  hmg  aa  no  haaa  9hQW9  Haelf^^^if  it  doe^ 

tkaa  a  fieeak  ^ass  nmaft  be  takan  and  aaotber  trial  Qkada.    When  the  piooeaa 

m  aoiaplated  nad  off  tha  CC.  of  ammonium  ehlmde  naad,  allow  for  t^B 

poitiai  of  diatiUata  mst  laed,  multiply  bj  0*01  and  then  by  i :  the  laeault  ia 

milligiammee  of  &Be  amaoaQiiia  per  litre,  on:  parte  per  nuUion. 

EtamfU-^FKm  250  CC.  of  water  123  were  diatiUed ;  100  CC.  were 

taken  for  the  experiment;  4*5  CC.  of  ammonium  ehloride  aolution  were 

123 
requited  to  give  tibe  proper  colour;    then  4'6x  fQg  x  0-01  x  4  =  0*2214 

milligmmmes  of  free  ammonia  per  litreb 

8lM>uld  the  eolour  of  the  distillate  prore  too  dark,  a  amaller  quantity  may 
be  used,  and  made  up  to  100  CC  with  distilled  watw.  Wanklyn  leoom- 
meads  distilling  only  50  CC,  Nesalerieing  it,  and  then  adding  one-third  to 
the  result,  on  the  ground  that  (as  he  says)  three-fourths  of  the  ammonia  come 
off  in  the  first  50  CC  He  also  aaji  that  with  smaller  sized  apparatus  100 
C.CL  of  water  gives  satisfactory  results.     (See  '*  Water  Analysis,"  4th  edition. 

The  use  of  permanent  coloured  solutions,  corresponding  with  known 
amounts  of  ammonia,  has  been  recommended,  and  caramel  has  been  tried  at 
Netley.  As  yet  the  results  have  not  been  very  satisfactory.  Captain  Abney, 
RK,  F.RS.,  has  also  suggested  a  graduated  prism,  fiUed  with  weak  solution 
of  coffee,  for  the  purpose. 

When  a  liebi^s  condenser  cannot  be  obtained,  a  flask  may  be  used  instead 
d  a  retort,  and  the  distillate  conveyed  to  the  receiver  by  a  tube  of  glass  (or 
block  tin)  passing  through  a  vessel  of  cold  water,  which  must  be  renewed 
bam  time  to  time.  The  tube  may  be  bent  in  any  convenient  way  so  as  to 
expose  it  to  the  cooling  water  as  much  as  possible.  Every  part  of  the 
apparatus  must  be  scrupulously  clean  and  well  washed  with  distilled  water. 
It  is  well  to  wash  the  retort,  flask,  and  glass  tubes  with  dilute  sulphuric  acid, 
and  then  rinse  out  clean  with  distilled  water.  In  distUling,  the  retort  should 
be  thrast  well  into  the  flame,  and  the  distillation  carried  on  rapidly. 

The  ''free  "  or  *' saline  ammonia"  represents  the  ammonia  combined  with 
carbonic,  nitric,  or  other  acids,  and  also  what  may  be  derived  from  urea,  or 
other  easily  decomposable  substances,  if  they  are  present  The  limit  in  good 
waters  is  taken  at  0*02  milligrammes  per  litre;  in  bad  waters  it  often 
Raches  100  times  this  and  more.  (See  Wanklyn's  ^  Water  Analysis,''  4th 
edition,  p.  34  ei,  seq.) 

After  the  distillation  of  the  free  ammonia,  the  residue  of  the  water  in  the 
retort  is  to  be  used  for  determining  the  albuminoid  ammonia,  to  be  now 
dewribed. 

(b)  Albuminoid  Ammomia, 

The  object  of  this  process  is  to  get  a  measure  of  the  nitrogenous  organic 
matter  in  water,  by  breaking  it  up  and  convertingthe  nitrogen  into  ammonia, 
by  means  of  potassium  permanganate  in  pi^esenoe  of  an  alkali :  the  ammonift 
can  he  distillftd  off  and  estimated  as  above. 

Fwctu, — A  aoliition  of  permanganate  of  potassium  and  potash  is  prepared^ 
bj  dincdving  8  gm^Tff<y  of  pectnanganate  and  200  grammes  of  solid  caustic 
potash  in  one  Htre  of  water,  and  boiling  thoroughly  to  expel  any  ammonia 
and  destroy  any  nitrogenous  matter.  ^5  CC  of  Uus  solution  are  added  to 
the  reiid^e  in  ^  iwtort^  afi;er  the  deUHaUatiou  of  flie  Jbee  Mamoni%  and  about 
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110  to  120  C.C.  distilled  o£  It  is  sometimes  convenient  to  add  a  little  pure 
distilled  water  to  the  residue  if  the  first  distillation  has  been  carried  rather 
far.  Wanklyn  recommends  successive  quantities  of  50  C.C.  to  be  distilled 
off  and  tested  until  no  more  ammonia  comes  over.  Determine  the  amount  of 
ammonia,  as  was  done  in  the  case  of  the  free  ammonia,  and  state  the  results 
in  this  case  as  albuminoid  ammonia.  In  this  distOlation  there  is  sometimes 
a  little  difficulty  caused  by  ^^  bumping,"  especially  in  the  case  of  bad  waters : 
to  remedy  this  it  has  been  recommended  to  use  pieces  of  tobacco  pipe  or 
charcoal*  It  is  better,  however,  to  dilute  the  water  if  it  be  a  bad  one,  and 
not  to  distil  too  rapidly. 

A  good  deal  of  controversy  has  taken  place  as  to  the  significance  of  this 
test,  some  chemists  dcinying  that  all  the  nitrogen  is  obtained  Wanklyn, 
however,  insists  that  what  is  obtained  is  a  constant  quantity,  and  that  ten 
times  the  ammonia  represents  fairly  accurately  the  nitrogenous  organic  matter. 
Although  it  may  not  be  perfectly  accurate,  it  seems  better  adapted  for 
hygienic  purposes  than  Frankland's  method,  which  requires  apparatus  of  a 
complicated  and  costly  character,  besides  being  liable  to  wide  limits  of  error. 
With  Wanklyn's  process  a  bad  water  is  not  likely  to  escape  detection, — ^in 
the  words  of  Hassall,  "  a  bad  water  will  appear  bad,  and  a  good  water  will 
appear  good,  although  the  absolute  quantities  of  organic  matter  cannot  be 
thus  determined."     ("Adulterations  Detected,"  1876,  p.  82.) 

The  standard  limit  of  albuminoid  ammonia  in  good  water  is  0*08 
milligrammes  per  litre,  but  Wanklyn  thinks  anything  above  0*05  objection- 
able if  the  free  ammonia  be  large.  He  classifies  waters  into  three  classes,  t 
viz. : — Class  /.,  waters  of  extraordinary  organic  purity,  containing  from  O'OO 
to  0'05  of  albuminoid  ammonia.  Class  IL  comprehendJs  the  general  drioking- 
waters  of  this  country,  giving  from  0*05  to  O'lO  of  albuminoid  ammonia. 
Such  water  is  safe  organically.  Class  IILy  the  dirty  waters,  yielding  more 
than  O'lO  of  albuminoid  ammonia.  This  last  seems  to  be  rather  too  sweep- 
ing a  statement.  Although  animal  matter  is  the  chief  source  of  albuminoid 
ammonia,  it  may  be  yielded  by  vegetable  as  welL  Decaying  leaves  produce 
it  (Parkes),  also  peat  (Dearing,  Abel,  Thorp,  Eussell).  "  Much  albuminoid 
ammonia  (which  generally  comes  over  slowly),  little  free  ammonia,  and  almost 
entire  absence  of  chlorides,  is  indicative  of  vegetable  contamination." 
(Wanklyn).  In  the  Leek  workhouse  persons  drinking  such  a  water  (free 
ammonia  0*02,  albuminoid  0'34)  suffered  from  diarrhoea.  There  was  only 
0*5  grains  of  chlorine  per  gallon.  In  the  water  of  a  pond  in  Perthshire  I 
found:  free  ammonia  0*36,  albuminoid  2*00  milligrammes  per  litre,  and 
chlorine  only  0*62  grains  per  gallon.  This  had  been  used  for  many  years 
without  any  bad  effects  observed.     (F.  db  C.) 

In  well-waters  in  villages  there  is  often  a  large  amount  of  albuminoid 
ammonia,  j:  Wanklyn  foimd  in  the  Thames  at  Hampton  Court  0'28,  at 
London  Bridge  at  high  tide  0*59.  Dr  Palmer  found  the  tank  water  in 
Calcutta  to  vary  accoiding  to  the  time  of  year  and  amount  of  rain,  the  greatest 
impurity  being  in  May  and  June,  the  hottest  and  driest  time.  The  tank 
supplying  the  Bengal  Club  showed  in  November  0*38,  in  May  0*50  and  in 
June  0*62.  The  water  of  the  Hooghly,  16  miles  above  Calcutta,  had  in 
December  0*10,  in  May  0*14,  and  in  June  0*10. 

It  has  sometimes  been  suggested  to  distil  off  at  once  the  total  ammonia  by 
the  process  with  permanganate  and  potash.  Dr  Macnamara  mentions  that 
this  was  done  daily  in  C^cutta  for  a  considerable  time,  and  that  *'  by  its  use 

*  Both  must  be  heated  to  redness  immediately  before  ose. 
t  Water  Analysis,  4th  ed.  p.  84. 
X  For  examples,  see  my  Lectures  on  State  Medieine,  p.  78,  table  xii.    [F.  de  O.] 
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anj  faulty  action  in  the  filteiing  beds  of  the  municipal  water-works  was  at- 
ODce  detected'' 

5.  Ozidisable  Matter  in  Water, 

The  oxidisable  matter  in  water  consists  of  oiddisable  organic  matter, 
Bitrites,  ferrous  salts,  and  sulphuretted  hydrogen.  The  last  can  be  easily 
reo^piised  by  the  smell,  and  got  rid  of  by  gently  warming  the  water. 
Ferrous  salts  are  rare,^but^  if  present,  they  impart  a  distinct  chalybeate  taste 
to  the  water  if  their  amount  reaches  the  fifth  of  a  grain  of  iron  per  gallon 
(about  3  milligrammes  per  litre).  Generally  their  presence  may  be  disregarded. 
There  remain,  therefore,  the  oxidisable  organic  matter,  and  nitrous  acid  as 
nitrites.  Por  determining  these  the  potassium  permanganate  is  very  con- 
yenient. 

(a)  Total  Ozidisalde  Matter  in  terms  of  Oxygen  required  for  its  Oxidation. — 
A  solution  of  potassium  permanganate  is  made  by  dissolving  0*395  grammes 
of  the  crystallised  salt  in  one  litre  of  water.  In  presence  of  an  acid  each 
CC.  of  this  solution  is  capable  of  yielding  0*1  milligramme  of  oxygen*  To 
test  its  accuracy  a  standard  solution  of  oxalic  acid  is  made  by  dissolving 
07875  grammes  of  crystallised  oxaKc  acid  in  one  litre  of  water  :  100  CC. 
acidulated  with  dilute  sulphuric  acid,  and  warmed,  should  exactly  decolorise 
100  CC.  of  permanganate  solution. 

Process.* — ^Take  a  convenient  quantity  of  the  water  to  be  examined,  say 
250  CC. ;  add  5  CC,  of  dilute  sulphuric  acid  (1  to  10);  drop  in  the 
permanganate  solution  from  a  burette  until  a  pink  colour  is  established ;  warm 
the  water  up  to  140**  Fahr.  (60"  C),  dropping  in  more  permanganate  if  the 
colour  disappears ;  when  the  temperature  reaches  140"  Fahr.  remove  the  lamp ; 
continue  to  drop  in  permanganate  until  the  colour  is  permanent  for  about  ten 
minutes.  Then  read  off  the  number  of  CC  used,  multiply  by  O'l  to  get  the 
milligrammes  of  oxygen,  and  by  4  to  get  the  amount  per  litre. 

Example. — 250  CC  of  water,  with  5  CC  of  dilute  sulphuric  acid,  re- 
quired 3-5  CC.  of  permanganate  to  give  a  permanent  colour ;  3*5  x  O'l  x  4  =  1  '4 
milligranmies  of  oxygen  per  litre  required  for  total  oxidisable  matter,  f 

It  must  be  remembered  that  this  includes  both  organic  matter  and  nitrou.^ 
acid    We  must  now  differentiate  these. 

(b)  Organic  Oxidisable  Matter  in  terms  of  Oxygen  required  for  its  Oxida- 
tion.— Take  250  CC  of  water  to  be  examined ;  add  5  CC  of  dilute  sulphuric 
acid  as  above;  boil  the  water  briskly  for  20  minutes;  then  allow  it  to  cool 
down  to  140°  Fahr.  (60®  C) ;  then  add  the  permanganate  until  a  pink  colour 
is  established  for  ten  minutes.  Calculate  out  the  oxygen  as  above,  stating 
the  result  as  milligrammes  per  litre  required  for  oxidisable  organic  matter,  or, 
shortly,  as  organic  oxygen. 

The  rationale  of  this  process  is  the  driving  off  of  the  nitrous  acid  by  boiling 
with  sulphiuic  acid.  It  is  ascertained  that  this  can  be  done  without  decom- 
position. 

(c)  Nitrous  Add. — This  can  now  be  determined  easily  by  calculating  from 
the  difference  between  the  two  preceding  processes.  Each  milligramme  orf 
oxygen  represents  2*875  milligrammes  of  nitrous  acid;  we  must  therefore 
multiply  the  difference  by  this  factor,  and  the  result  is  nitrous  acid  in 
milligrammes  per  litre. 

Example. — ^A  sample  of  water  yielded,  (by  process  (a),  1  '4  milligrammes 
of  oxygen  per  litre ;  by  process  (&),  0-75.     Then  we  have  1  '40  -  0*75  =  0*65  = 

*  Ab  rocommeiided  by  Dr.  Woods,  late  B.  A.,  Joumal  of  the  Ghem.  Society,  1861. 
t  If  tpecuil  accuracy  is  required,  a  correction  for  colour  may  be  made,  by  deducting  0'Q6 
from  tbe  result  stated  aa  milligrammes  of  oxygen  per  litre. 
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miUigrammefl  of  oxygen  t^qtursd    for  nitroos  add:    0*65 x 3-876 «« 1*87 
milligramnies  per  litre  of  nitrous  acid  (NOj). 

Hassall*  has  suggested  m  improvement  on  tke  above  process  (De 
Chaumont's),  namely,  instead  of  boiling  away  the  nitrous  acid,  to  distil  it 
over  and  determine  it  directly  in  the  distillate.  Fresenins  proposes  a  Bome- 
Tfhat  similar  plan,  only  using  acetic  acid  for  the  distillation,  and  then  sul^ 
phuric  acid  for  t^e  subsequent  titration.  Paul'sf  plan  is,  to  precipitate  the 
organic  matter  with  aluminous  chloride  and  sodium  carbonate,  evaporate 
slowly  down,  decant,  add  distilled  water,  and  determine  with  the  permanga- 
nate in  the  cold.  This  is  a  more  tedious  process,  and  does  not  seem  to  be 
more  accurate. 

One  or  two  precautions  are  necessary  in  the  permanganate  processes.  In 
process  (a)  permanganate  must  be  added  to  the  water  from  the  very  commence^ 
ment,  in  order  not  to  lose  nitrous  acid,  which  may  be  driven  off  as  the  water 
is  being  heated.  The  faintest  tinge  of  colour  that  can  be  distinctly  seen  ought 
to  be  accepted,  provided  it  remain  for  ten  minutes.  Care  must  be  taken  to 
add  the  sulphuric  acid  in  every  case  at  the  beginning ;  if  this  is  not  done  a 
brown  colour  is  struck  which  spoils  the  experiment  Bometimes  this  colour 
appears,  even  after  acid  is  added,  and  is  then  probably  due  to  excess  of  organic 
matter ;  dilution  with  distilled  water  sometimes  remedies  this.  The  water 
should  be  freed  from  sediment  by  subsidence  and  decantation.  The  perman- 
ganate acts  upon  the  indiarrubber  tube  of  the  common  burette,  therefore  it  is 
well  always  to  run  off  what  has  been  in  contact  with  it  before  beginning,  or 
to  use  a  burette  with  a  glass  stop-cock. 

The  permanganate  process  is  the  only  one  (except  Frankland's)  that  glTes 
us  any  'measure  of  the  oxidisable  organic  matter  in  water,  and  is,  in 
the  present  state  of  our  knowledge,  indispensable,  imperfect  though  its  indica- 
tions may  be.  It  is  certainly  an  aid  to  our  judgment  of  the  condition  of  a 
drinking  water,  being  to  Frankland's  carbon  process  something  the  same  as 
the  albuminoid  ammonia  method  is  to  his  nitrogen  one.  ^one  gives 
us  thoroughly  trustworthy  information,  but  for  the  army  or  navy  medical 
officer,  or  any  one  not  provided  with  a  well  appointed  laboratory,  the  perman- 
ganate process,  combined  with  Wanklyn's,  gives  as  much  information  as  is 
likely  to  be  got  at  present^  and  sufficient  for  hygienic  purposes.  It  must  be 
remembered  that  the  permanganate  does  not  act  upon  fatty  substances,  starch, 
urea,  hippuric  acid,  creatin,  sugar,  or  gelatine. 

Action  of  Permanganate  in  preeence  of  an  Alkali. 

In  order  to  avoid  some  of  the  fallacies  and  inconveniences  of  the  test  with 
acid,  F.  BchultzeJ  has  tried  the  following  plan,  which  has  been  slightly 
modified  by  Lex.  Five  or  more  vessels,  each  containing  60  C.C.  of  the  water 
to  be  examined,  are  taken,  and  to  each  2  CO.  of  thin  milk  of  lime  are  added, 
and  then  1,  2,  3,  4,  5  C.C.  &o.)  of  the  permanganate  solution  (viz.,  *395 
grammes  per  litre)  are  added  and  left  for  two  hours.  At  the  end  of  that  time 
some  of  the  samples  will  be  decolorised,  others  still  coloured ;  if  Ko.  1  and 
No.  2  are  colourless,  and  No.  3  is  colouredi  then  the  amount  of  permanganate 
destroyed  is  between  2  and  3  C.C.  As  in  the  cold  each  equivalent  of 
permanganate  only  gives  off  3  (not  5  atoms)  of  oxygen,  each  C.C.  corresponds 
not  to  *1,  but  to  -06  milligrammes  of  oxygeiL§    It  is  for  this  reason  that  60 


■  ^  1^  ^^^^^^^_^j^^^^,^^ji^^^ 


*  Adulterations  Detected,  1676»  p.  84. 

t  Watf  8  Dictionary  of  Chemiatry  Vol,  V.  p.  1032.  $  Roth  and  Lex,  op.  <^.  p.W. 

§  With  solphuiic  acid  the  following  is  the  reaction:  — 
^    ,  2  (KMnOJ  +  8{H,S04)  -  K.804  +  2(MnS04)  +  8(H,0)  +  0» 

Without  acid  the  reaction  is : 

2(KMuOJ  +•  H,0  -  2(MnO^  +  ^(KHO)  +  Of 
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C.G  of  water  are  taken  iaatoad  of  100»  for  it  ia  dear  that  if  1  C.C.  of  tbA  per- 
manganate  solution  gives  only  06  milligraiBmes  to  60  C.C«  it  19  the  aame  as 
'1  to  100  C.C.  of  the  water.  The  calculation  of  the  results  is  thus  easy;  i4 
for  example,  Noe,  1  and  2  are  decolorised,  while  No.  3  is  coloured,  the  amount 
of  oxygen  required  is  between  *2  and  '3  milligrammes  for  100  CO.,  or  2  and 
3  per  litre.  If  60  G.C.  of  a  water  take  less  l^an  3  C.G  of  the  permanganate 
solution  to  give  it  a  colour  permanent  for  two  hours^  Lex  considers  that  it  is  a 
good  water  as  far  as  this  test  is  concerned ;  if  3  and  4  C.C.  are  required  it  is 
a  medium  watery  and  if  the  5  C.G.  do  not  give  a  colour  the  water  is  bad. 

(d)  Nitric  Add. — ^The  most  convenient  process  for  determining  this  is 
Waokyln  and  Chapman's  modification  of  Schulze's  process,  which  consists  in 
converting  the  nitrogen  acids  into  ammonia.  We  require  caustic  soda 
perfectly  free  from  nitrates  (which  can  only  be  got  by  dissolving  metallic 
Bodium  in  pure  distilled  water,  2  grains  to  100  C.C.  of  distilled  water) ;  and 
sheet  aluminium.  100  CC.  of  the  water  to  be  examined  are  mixed  with  an 
equal  bulk  of  the  alkali  solution,  and  a  piece  of  aluminium  foil,  larger  than 
is  capable  of  dissolving,  is  placed  in  it  and  left  for  several  hours.  At  the  end 
of  the  time  the  liquid  is  distilled  in  a  small  retort  and  Nesslerised  if  the 
ammonia  be  moderate  in  amount^  or  determined  by  a  standard  acid  8olutioD| 
if  it  be  large  ( Wanklyn).  In  this  process  the  ammonia  that  comes  over  is 
made  up  of  the  free  or  saline  ammonia  present  in  the  water,  and  that  which 
results  from  the  reduction  of  both  nitric  and  nitrous  acids.  We  can  apply  the 
necessary  corrections  if  we  have  ascertained  the  amount  of  free  ammonia  and 
of  nitrous  acid  by  the  other  processea  Thus,  let  us  suppose  that  we  have 
foond  in  a  sample  of  water  0*052  of  free  anmionia^  and  1*27  of  nitrous  acid ; 
diyiding  the  latter  number  by  2*706  we  get  the  amount  of  ammonia  that 
▼ould  result  from  the  nitrous  acid  alone, — ^in  this  case  0*469.  If  we  obtained 
by  the  aluminium  process  3*371  of  total  ammonia,  we  should  have ; 

8*371  -  0*052  -  0-469  «  2*850  ammonia  from  nitric  acid. 

To  convert  this  into  nitric  acid  we  must  multiply  by  3*706  for  HNOg,  by 
3*647  for  NO5,  or  by  3*176  for  NgOg^  so  that  in  the  above  case  we  should 
have  10*562  of  HNO3,  ot  10*394  of  NO3,  or  9*052  of  Nfi^;  aU  in 
milHgrammes  per  litre. 

6.  The  determination  of  sulphuric  acid  has  already  been  referred  to  (page 
80). 

Iron  is  seldom  required  to  be  determined  quantitatively,  but  it  may  be  done 
hy  a  cdorimetric  test  (as  suggested  by  WaDkl3m).  Either  the  water  may  be 
tested  directly,  or,  what  is  better,  the  incinerated  residue  of  the  solids  may  be 
treated  with  hydrochloric  acid,  and  made  up  to  100  C.CL  with  distilled  water* 
A  cubic  centimeter  of  solution  of  f  errocyanide  of  potassium  is  added,  which 
will  strike  a  blue  colour.  A  comparative  experiment  with  a  standard  solution 
of  iron  may  be  made.  (See  under  Alum  in  Bread.)  This  is  a  better  process 
than  the  permanganate  method,  which  with  small  quantities  of  iron  gives  very 
uneertain  resnlts. 

SUica  may  be  determined  from  the  incinerated  residue,  by  treatix^  it  with 
strong  nitric  or  hydrochloric  acid,  evaporating  to  dryness,  and  again  treating 
with  acid ;  distilled  water  (about  50  CC.)  is  then  added,  and  a  little  heat 
a^tied  till  everything  soluble  is  dissolved ;  the  residue  is  silica,  which  may 
he  oollected  on  a  small  filter,  ignited  and  weighed.  A  number  of  Indian 
waters  contain  considerable  quantities  of  silica,  either  combined  or  in  the  sus- 
pended matter.* 

.*Dr  Nieholaoiv  BA.,  lias  notiMd  thai  the  water  at  Kamptee,  botU  frum  the  rlrer  and  from. 
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-  Lead,  Copper,  Arsenic,  Zinc — The  mere  presence  of  these  metals  is  enough' 
to  condemn  a  water,  therefore  it  will  seldom  be  necessary  to  determine  them 
quantitatiyely. 

Inferences  from  the  Quaniiiative  Tests. 

The  conclusions  to  be  drawn  from  the  qualitative  tests  (page  72)  hold  good 
for  the  quantitative,  only  greater  precision  is  given.  It  is  necessary  not  to  be 
satisfied  with  a  single  test,  but  to  collate  the  evidence  derived  from  several 
For  example,  a  large  quantity  of  nitric  and  nitrous  acids  with  much  oxidisable 
and  nitrogenous  organic  matter,  and  much  chlorine,  show  recent  sewage 
impregnation;  while  a  large  amount  of  nitric  acid  and  little  oxidisable  organic 
matter  show  that  more  or  less  complete  conversion  of  organic  matter  has  taken 
place.  Much  albuminoid  ammonia  and  nitric  acid,  with  little  free  ammonia 
and  little  chlorine,  show  vegetable  impregnation ;  whilst  much  albimiinoid 
and  free  ammonia,  nitric  and  nitrous  acids,  with  little  chlorine,  show 
contamination  by  gaseous  emanations.  The  determination  of  the  chlorine  is 
especially  important,  as  it  is  done  so  rapidly  and  accurately  that  it  affords 
a  good  test  of  alterations  in  the  water ;  and  if  at  every  station  this  quantita- 
tive test  were  frequently  done,  and  the  qualitative  tests  were  also  noted, 
the  entrance  of  sewage  or  other  impure  matters  containing  chlorine  would  be 
easily  detected.  Next  to  the  chlorine  the  varying  amounts  of  free  ammonia, 
as  tested  without  distillation,  where  it  can  be  done,  would  give  useful  indica- 
tions, with  a  very  little  expenditure  of  time,  provided  the  amount  usually 
present  in  the  water  was  known.  The  water,  not  only  of  streams,  but  of 
shallow  wells,  is  much  influenced  in  composition  by  rain,  and  this  has  to  be 
taken  into  account  In  all  cases  the  microscopic  conditions  ought  to  be  care- 
fully noted,  when  possible,  and  considered  in  drawing  deductions  from  the 
chemical  results.  It  is  of  great  importance  that  water  should  be  examined, 
when  it  can  be  done,  on  the  spot  where  it  is  obtained.  At  all  events  the 
fullest  possible  information  about  its  source  and  surroundings  should  be  got 
before  giving  an  opinion  based  on  the  examination. 

General  Statement  of  the  Results  of  the  Water  Analysis.* 

The  analysis  can  be  stated  in  any  convenient  form,  and  the  quantities  given  in 
grains  per  gallon  or  in  milligrammes  per  litre. 

The  following  is  the  Form  of  Eeport  at  present  used  at  Netley : — 

Report  on  a  sample  of  Drinking-water. 

Drawn 187 

from Received 187 

Source 


Physical  Characters. 

Colour  {throtigh  1 8  inches) Lustre. 

Turbidity : Taste.. 

Sediment Smell., 


wells,  contains  from  2  to  6  grains  per  gallon  of  silica  derived  from  micaceous  gravel;  it  Is  com* 
bined  with  magnesia,  and  it  renders  the  soap  test  inapplicable. 

*  For  details  of  farther  processes  reference  may  be  made  to  Sutton's  Volumetric  Analysis, 
8d  edition  }  Wanklyn's  Water  Analysis,  4th  edition  ;  or  Hassall's  Adulteration  Detected,  1876. 
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CEtEMlCAL  ANALYSIS. 

Qualitative. 

Lime Ammonia 

Magnesia Nitric  acid 

Chlorine Nitrous  acid 

Sulphnric  acid Organic  matter 

Phosphoric  acid. Iron 

Lead  or  copper Zinc 

Hardness.         Total )      Degrees 

Fixed >  of 

Temporary  or  Eemovable. j  Clark's  scale. 

Quantitative,  grains  per  gallon. 

Volatile  matter  [by  incineration  and  after  recarbonating]  . . . 

Oxygen  required  for  organic  matter 

Ammonia,  free 

Do.,      albuminoid 

Nitric  acid 

Nitrous  acid 

Chlorine. 

Sodium  (combined  with  do.) 

Calcium  carbonate. 

Fixed  hard  salts  (estimated  as  calcium  carbonate) 

*Snlphuric  acid 

^Alkaline  carbonates,  &c.  

*Silica,  Alumina,  &c 

Total  solids  by  evaporation 

Microscopic  characters  and  remurks,  

Examination  of  Water  suspected  to  he  contaminaied  with  the  discharges 
from  Cholera  or  Typhoid  Patients,  or  vrith  Marsh  Water, 

The  examination  of  water  contaminated  with  cholera  discharges  is  a  most 
difficult  process.  If  choleraic  stools  are  added  in  some  quantity  the  water 
becomes  distinctly  hazy,  and  in  places  where  cholera  prevails  anything  like 
d«dded  haze  should  lead  to  the  disuse  of  the  water.  If,  however,  the  choleraic 
diechaige  is  in  small  amount,  the  transparency  of  the  water  may  be  unchanged, 
and  in  this  case  it  is  certain  that  no  chemical  test  would  detect  what  mi&;ht 
be  a  sufficient  amount  of  cholera  poison  to  cause  the  disease.  Fortunately  we 
have  a  microscopic  test  of  value.  Dr  C.  Macnamaraf  has  stated  that  in 
water  contaminated  with  cholera  discharges  vibriones  appear  with  great 
rapidity,  and  the  water  is  dangerous  during  this  period  of  active  vibrional 
growtL  This  observation,  made  by  a  careful  observer,  should  certainly  be 
attended  to ;  the  water  should  be  carefully  examined  for  vibriones  with  high 
powers  (1000  to  1200  diameters),  and  if  they  are  present  should  be  at  once 
rejected.  Pasteur^s  fluid  may  also  be  used^  and  would  probably  become 
turbid  in  a  very  short  time,  and  this  might  be  an  additional  test  When  the 
^brional  stage  is  replaced  by  the  appearance  of  ciliated  infusoria,  the  water, 
according  to  Macnamara,  is  no  longer  dangerous. 

In  the  case  of  the  discharges  of  enteric  fever  entering  water,  the  amount  of 

*  When  these  oonstitaents  have  not  been  determined  in  detail,  they  can  be  grouped  together 
vnder  the  head  of  "  other  snbetanoes." 
.  t  On  Asiatic  Cholera,  1870,  pp.  880  and  897. 
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the  discharge  is  usually  laige,  and  the  water  is  randeted  per^ptiUy  fool  to 
smell  and  taste ;  chemical  evidence  of  sewage  (excess  of  ammonia,  chlorine, 
phosphoric  acid,  and  oxidisable  matters)  seems  to  be  usually  attainable. 
Although  no  observation  has  been  made  on  the  point,  it  seems  lilcely  that,  as 
vibriones  exist  in  great  number  in  the  typhoid  stools,  they  would,  as  in  the 
case  of  cholera,  be  found  in  the  water. 

In  the  case  of  marsh  water,  again,  there  is  always  abundance  of  vegetable 
and  animal  life,  and  in  heating  the  water  the  peculiar  marshy  smell  may  often 
be  perceived.  Tiemann  notices  that  phosphoric  acid  is  sometimes  found  in 
laige  quantities  in  water  from  marshy  meadows. 

SECTION  VL 
StTB-SscfnoN  L — Sbaroh  aftkr  Watxil 

Occasionally  a  medical  officer  may  be  in  a  position  in  which  ha  has  to  search 
for  water.     Few  precise  rules  can  be  laid  down. 

On  a  plain,  the  depth  at  which  water  will  be  found  will  depend  on  the 
permeability  of  the  soil,  and  the  depth  at  which  hard  rock  or  day  will  hold 
up  water.  The  plain  should  be  well  surveyed ;  and  if  any  part  seems  below 
the  general  level,  a  well  should  be  sunk,  or  trials  made  witii  Norton's  tube> 
wella  The  part  most  covered  with  herbage  is  likely  to  have  the  water 
nearest  the  surface.  On  a  dry  sandy  plain,  morning  mists  or  swarms  of 
insects  are  said  sometimes  to  mark  water  below.  Near  the  sea,  water  is 
generally  found ;  even  close  to  the  sea  it  may  be  fresh,  if  a  laige  body  of  fresh 
water  flowing  from  higher  ground  holds  back  the  salt  water.  But  usually 
wells  sunks  near  the  sea  are  brackish ;  and  it  is  necessary  to  sink  several, 
passing  farther  and  farther  inland,  till  the  point  is  reached  where  the  fresK 
water  has  the  predominance. 

Among  the  hills  the  search  for  water  is  easier.  The  hills  store  up  water, 
which  runs  off  into  plains  at  their  feet  Wells  should  be  sunk  at  the  foot  of 
hills,  not  on  a  spur,  but,  if  possible,  at  the  lowest  point ;  and  if  there  are  any 
indications  of  a  wateivcourse,  as  near  there  as  possible.  In  the  valleys  among 
hills,  the  junction  of  two  long  valleys  will,  especially  if  there  is  any  narrowing, 
generally  give  water.  The  outlet  of  the  longest  valleys  should  be  chosen,  and 
if  there  is  any  trace  of  the  junction  of  two  wateavcourses,  the  well  should  be 
sunk  at  their  union.  In  a  long  valley  with  a  contraction,  water  should  be 
sought  for  on  the  mountain  side  of  the  contraction.  In  digging  at  the  aide 
of  a  valley,  the  side  with  the  highest  hills  should  be  chosen. 

Before  commencing  to  dig,  the  country  should  be  as  carefolly  looked  over 
as  time  and  opportunity  permit^  and  the  dip  of  the  strata  made  oat^  if 
possible.  A  little  search  wUi  sometimes  show  whioh  is  the  direction  of  fall 
from  high  grounds  or  a  wateiHshed. 

If  moist  ground  only  is  reached,  the  insertion  of  a  tube,  pierced  with  holes, 
deep  in  the  moist  ground,  will  sometimes  cause  a  good  deal  of  water  to  be 
collected.  Norton's  American  tube  well  (page  7)  gave  satisfaction  in  Abys* 
sinia,  although  it  did  not  succeed  so  well  in  Ashantee.  A  common  pump 
will  raise  the  water  in  it  if  the  depth  be  not  more  than  24  or  26  feet ;  if 
deeper,  a  special  force  pump  has  to  be  used* 

Sub-Section  IL — Spbcial  Gonsidbrations  on  the  Supply  of  Watbr 

to  solddebs. 

In  barracks  and  hospitals,  and  in  all  usual  stations,  all  that  has  to  be  done 
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b  to  iuk»  pniodioal  exaimtiatioiM  of  ^e  qnantity  and  qnalily  of  the  water, 
to  ii]0pMt  tile  detenu,  &o.,  and  to  ooneider  frequently  if  in  anj  -way  wells  or 
dstems  can  have  be^  contaminated.  As  far  as  possible,  a  record  should  be 
kept  at  each  station  of  the  normal  composition  of  the  water. 

In  transport  ships,  the  water  and  the  casks  or  tanks  should  always  be 
examined  before  going  to  sea.  AlnTn^  charcoal,  and  potassium  permanganate, 
should  be  in  store.  If  the  water  turns  out  bad,  it  must  not  at  once  be  con- 
demned ;  by  aeration,  boiling,  charring  the  casks,  throwing  alum  and  charcoal 
into  the  water,  what  at  first  appeared  a  very  unpromising  water  may  be  used. 
If  it  cannot  be  used,  or  if  the  water  fails,  distillation  can  always  be  managed. 
If  the  water  distils  over  acid,  neutralise  with  carbonate  of  soda.  If  there  is 
a  little  taate  from  organic  matter,  let  it  be  exposed  to  the  air  for  two  or  tbree 
daya  Sea  water  can  be  made  potable  by  filtration  through  a  great  depth  of 
charcoal  if  this  can  be  obtained.  Crease's  tank  filters  supply  an  excellent 
means  of  purifying  water  in  large  quantities. 

During  marches  each  soldier  carries  a  water-botUe.  He  should  be  taught 
to  re-fiU  it  with  good  water  whenever  practicable ;  a  little  flannel  bag,  into 
which  charcoal  may  be  sewn,  can  be  placed  at  the  opening  so  as  to  strain  the 
water.*  If  the  water  is  decidedly  bad,  it  should  be  boiled  with  tea,  and  the 
cold  tea  dbnmL  The  exhausted  leaves,  if  well  boiled  in  water,  will  give  up  a 
little  more  tannin  and  colouring  matter  and  will  have  a  good  effect ;  and  if  a 
soldier  would  do  this  after  his  evening  meal, 
the  water  would  be  ready  for  the  next  day's 
march.  Alum  and  charcoal  should  be  used. 
Small  charcoal  or  sandstone  filters  with  elastic 
tuhes  (fig.  4.)  at  the  top,  which  draw  water 
through  like  siphons,  or  through  which  water 
can  he  sucked,  are  extremely  useful,  and  are 
now  much  employed  by  officers.  They  have 
been  largely  used  by  the  French  soldiers  in 
Algiera.  llie  Austrian  soldiers  were  formerly 
supplied  with  two  boards  pierced  with  holes, 
and  with  compressed  sponges  between  them, 
and  they  poured  their  water  through  this. 
They  also  used  sandstone  and  pumice-stones. 

Soldiers  should  be  taught  that  there  is  danger  in  drinking  turbid  water, 
as  they  will  often  do  when  they«are  overcome  with  thirst.  Not  only  all 
sorts  of  suspended  matters  may  be  gulped  down,  but  even  animals.  On 
some  occasions,  the  French  army  in  Algiers  has  suffered  from  the  men 
swallowing  small  leeches,  which  brought  on  dangerous  bleeding.  The  leeches 
which  are  so  smaU  as  to  look  merely  like  small  bits  of  vegetable  matter, 
fixed  in  the  pharynx,  the  posterior  nares,  &c.,  more  rarely  in  the  larynx,  caus- 
ing repeated  hsemoptysis,  epistaxis,  or  asphyxia* 

If  wafter-carts  or  water-sacks  are  used,  they  should  be  regularly  inspected ; 
every  cart  sbould  have  a  straining  filter  of  puresand^  through  which  the  water 
should  pass.  The  carts  and  skins  should  be  scrupulously  clean.  The  water- 
carriers,  or  bheesties,  in  India  should  be  paraded  every  morning,  and  the 
sources  of  water  inquired  into. 

When  halting  ground  is  reached,  it  may  be  necessary  to  filter  the  water.     A 

^  *  I  bA¥«  proposed  for  adoptica  into  the  ■enriee  *  water-bottle  with  two  openings ;  the  laiger 
u  provided  with  a  flannel  bag,  into  which,  if  neoesBary,  a  little  bit  of  sponge  can  be  placed,  and 
tkiu  all  the  coatBer  sngpended  matter  arrtsted ;  a  good  screw  clwes  tniit  opening ;  tlie  smaller 
It  wed  for  drinking,  and  is  dosed  by  a  plug  secnred  by  a  little  chain.  (The  Italian  water-bottle 
ui  since  been  officUUly  adopted). 


Fig.i. 


D  plttn  is  to  carry  a  cask,  charred  inside,  and  pierced  with  smiill  holed 
at  the  bottom ;  it  is  suiik  in  a  small  stream,  and  the  water  riees  through  the 
holes.     A  better  plan  still  is  to  have  two  casks,  one  inside  the  other ;  the 


Fig.  7.  Fig.  8. 

outer  pierced  with  holes  at  the  bottom,  and  the  inner  near  the  top ;  the  space 
between  is  filled  with  sand,  gravel,  or  charcoal,  ii  procurable ;  the  water  liees 


through  the  gravel  between  the  barrels,  and  flows  into  the  inner  barreL     In 
the  French  armj  it  is  ordered  f  that,  if  other  means  cannot  be  procured,  fresh 

t  Code  des  OOiciera  ds  9&iit4.    Pm  Didiot.    P.  Gl{^ 
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and  inodorous  stisw  be  taken,  and  chopped  fine,  and  pressed  at  the  bottom 
of  a  tube  pierced  with  holes  ;  if  possible,  chateod  is  to  be  intercalated  amoi^ 
the  straw.     Great  care  miast  be  taken  to  have  the  straw  pure,  and  to  change 
it  often.     Other  simple  plane  are  given  in  the  drawings,  which  need  little, 
description.     Figs.  6  and  6  speak  for  themselves.     Fig.  7  is  a  barrel  connected 
by  a  pipe  with  a  supply  above ;  the  water  rises  through  sand  and  charcoal, 
and  is  drawn  out  above ;  the  barrel  is  fixed  on  a  winch,  and  the  supply  pipe 
being  removed,  and  the  hole.cloaed,  a  few  tnma  of  the  handle  clear  the  aand. 
Fig.  8  is  a  simple  contrivance,  which  may  be  made 
of  wood  or  tin.     Figs.  9  and  10  show  Crease's  field 
filter  in  use,  either  ss  a  hand  filter  .(fig.  lU)  or  con- 
nected by  an  india-rubber  tube  to  a  bucket  of  un- 
fiUeted  water  placed  in  a  cart  (fig.  9).     It  acta  with 
gKat  rapidity  and  gives  good  results. 

In  the  field,  the  medical  officer  may  be  sent  on  to 
pve  a  report  of  the  quantity  and  quality  of  any 
source.  Before  the  troops  arrive  he  should  make 
his  anangementa  for  the  difi'erent  plscea  of  supply ; 
men  and  cattle  should  be  watered  at  difierent  points ; 
places  should  be  assigned  for  washing ;  and  if  re- 
moval of  excreta  by  water  be  attempted,  the  excreta 
should  fiow  in  far  below  any  possible  spring ;  in  the 
case  of  a  spring,  several  reaervoire  of  wood  should 
be  made,  and  the  water  allowed  to  flow  from  one 
to  another — the   highest  for  men,  the  second  for 

cattle.     If  it  is  a  running  stream,  localities  should 

be  fixed  for  the   special  purpose;  that  for  the  „.    . 

men's  drinking-water  should  be  highest  up  the  '^'     ' 

stream,  for  animals  below,  washing  lowest ;  sentries  should  be  placed  as  soon 
as  poesiblK  The  distribution  of  water  should  be  regulated  ;  etmims  are  soon 
stirred  up,  made  turbid,  and  the  water  becomes  undnnkable  for  want,  perhaps, 
of  aimple  management 

Wherever  practicable,  the  reservoirs  or  cisterns  which  are  made  should  be 
covered  in ;  even  if  it  is  merely  the  most  flimsy  covering,  it  is  better  than 
nothing. 

In  sieges  the  same  general  rules  must  be  att«nded  to.  The  distribution  of 
the  water  should  be  under  the  care  of  a  vigilant  medical  officer.  Advantage 
should  be  taken  of  every  rainfall ;  fresh  wells  should  be  dug  early ;  if  neceseary, 
distillation  of  brackish  or  ses-water  must  be  had  recourse  to. 


CHAPTER   II. 


It  might  be  ioferred  from  the  physiological  evidence  of  the  paramount  import- 
ance of  proper  aeration  of  the  blood,  that  the  breathing  of  air  rendered  impnre 
from  any  canae  is  hurtful,  and  that  the  highest  degree  of  health  is  only  pos- 
sible when  to  the  other  conditions  is  added  that  of  a  proper  supply  of  pure 
air.  Experience  strengthens  this  inf  erenoa  Statistical  inquiries  on  mortality 
prove  beyond  a  doubt  that  of  the  causes  of  death  which  usually  are  in  action, 
impurity  of  the  air  is  the  most  important  Individual  observations  confiim 
thi&  No  one  who  has  paid  any  attention  to  the  condition  of  health,  and  the 
recovery  from  disease  of  those  persons  who  fall  under  his  observation,  can 
doubt  that  impurity  of  the  air  marvellously  affects  the  first,  and  influences, 
and  sometimes  even  regulates,  the  seconds  The  average  mortality  in  this 
country  increases  tolerably  regularly  with  density  of  population.  Density  of 
population  usually  implies  poverty  and  insufficient  food,  and  imhealthy  work; 
but  its  main  concomitant  condition  is  impurity  of  air  from  overcrowdings 
deficiency  of  cleanliness,  and  imperfect  removal  of  excreta,  and  when  this 
condition  is  removed,  a  very  dense  and  poor  population  may  be  perfectly 
healthy.  The  same  evidence  of  the  effect  of  pure  and  impure  air  on  health 
and  mortality  is  still  more  strikingly  shown  by  horses ;  for  in  that  case  the 
question  is  more  simple  on  account  of  the  absolute  similarity  in  different 
periods  or  places  of  food,  water,  exercise,  and  treatment  Formerly,  in  the 
French  army,  the  mortality  among  the  horses  was  enormous.  Bossignol*  states 
that,  previous  to  1836,  the  mortality  of  the  French  cavalry  horses  varied  from 
180  to  197  per  1000  per  annum.  The  enlargement  of  the  stables,  and  the 
"  increased  quantity  of  the  ration  of  air,"  reduced  the  loss  in  the  next  ten  years 
to  68  per  lOOO.f  In  the  Italian  war  of  1859,  M.  Moulin,  the  chief  veterinary 
surgeon,  kept  10,000  horses  many  months  in  barracks  open  to  the  external 
air  in  place  of  closed  stables.  Scarcely  any  horses  were  sick,  and  only  one 
case  of  glanders  occurred  | 

In  the  English  cavalry  (and  in  English  racing  stables)  the  same  facts  are 
well  known.  WUkinson  §  informs  us  that  the  annual  mortality  of  cavalry 
horses  (which  was  formerly  great)  is  now  reduced  to  20  per  1000,  of  which 
one-half  is  from  accidents  and  incurable  diseases.  Glanders  and  farcy  have 
almost  disappeared,  and  if  a  case  occurs,  it  is  considered  evidence  of  neglect 

The  food,  exercise,  and  general  treatment  being  the  same,  this  result  has 
been  obtained  by  cleanliness,  dryness,  and  the  freest  ventilation.  The  ven- 
tilation is  threefold — ground  ventilation,  for  drying  the  floors ;  ceiling  ventila- 
tion, for  discharge  of  foul  air ;  and  supply  of  air  beneath  the  horses'  noses,  to 
dilute  at  once  the  products  of  respiration. 

*  Traits  d'Hyn^ne  MiUtaire.    Paris,  1857. 

t  Wilkinson,  Journal  of  the  Royal  Agricoltaral  Society,  No.  60,  p.  91,  e<  teq, 

I  Larrey,  Hygiene  des  HOp.  Mil.  1862,  p.  68.  §  0^  .cU, 
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Inoofw-housesandkeimeLi  amilar  facts  aie  well  known;  dueate  andhealth 
are  in  tike  diieet  propoition  of  loul  and  poie  air. 

The  air  may  affect  health  by  variatioiis  in  the  amount  or  condition  of  its 
noRnal  oonstiluents,  by  differences  in  physical  pMyperties^  or  by  the  presence 
of  impurities.  While  the  immense  effect  of  impure  air  cannot  be  for  a  moment 
doubted,  it  is  not  always  easy  to  assign  to  each  impurity  its  definite  nction. 
The  inquiry  is,  in  fact,  in  its  infancy ;  it  is  difficulty  and  demands  a  more 
tearehing  analyBis  than  has  been,  or  perhaps  than  can  be  at  preaent,  giren. 
When  impute  air  does  not  produce  any  veiy  striking  disease,  its  ixgurious 
efieets  may  be  overiooked.  The  eyidences  of  injury  to  health  from  impuie 
air  are  found  in  a  laiger  proportion  of  ill  health — i.e.,  of  days  lost  from  sick- 
ness in  the  year — than  under  other  circumstances ;  an  increase  in  the  seyerity 
of  many  diseases,  which,  though  not  caused,  are  influenced  by  impure  air ; 
and  a  higher  rate  of  mortality,  especially  among  children,  whose  delicate 
frames  always  give  us  the  best  test  of  the  effect  bol^  of  food  and  air.  In 
many  cases  accurate  statistical  inquiries  on  a  large  scale  can  alone  prove  what 
may  be  in  reality  a  serious  depreciation  of  public  healtL 

The  quantity  of  air  necessary  for  perfect  health  will  be  considered  in  the 
chapter  on  Ventilation.  I  shaU  in  the  present  chapter  Miumerate  the 
impurities,  and  then  the  diseases  attributable  to  theuL 

It  would  be  occupying  unnecessary  space  to  enlarge  on  the  composition  of 
pore  air.  In  additi(m  to  oxygen  and  nitrogen,  there  are  the  following  sub- 
stances : — carbonic  acid,  watery  vapour,  organic  matter  in  the  form  probably 
both  of  dead  and  living  structures.  Perhaps,  also,  the  almost  universally 
difiused  salts  of  soda  should  be  reckoned  as  normal  constituents.  The 
amount  of  oxygen  is  about  20*96  in  the  usual  air,  20*98  in  the  pure  mountain 
air,  while  in  the  air  of  towns,  it  may  fall  to  20*90  or  2087  (A.  Smith,  "Air 
and  Bain,"  pp.  35,  et  seq.).  The  subject  of  osone  is  treated  in  the  chapter  on 
climate. 

The  amount  of  watery  vapour  varies  in  different  countries  greatly,  from 
about  40  per  cent  of  saturation  to  perfect  saturation ;  or,  according  to  temperar 
tore,  from  1  to  11,  or  even  12  grains  in  a  cubic  foot  of  air,  if  that  expression 
may  be  admitted.  The  best  amount  for  health  has  not  been  determined,  but 
it  has  been  supposed  it  should  be  from  65  to  75  per  cent ;  but  in  many 
healthy  climates  it  is  much  moro  than  this. 

The  amount  of  carbonic  acid  in  normal  air  ranges  from  '2  to  -5  per  thousand 
(or  from  2  to  5  volumes  in  10,000) ;  it  increases  slightly  up  to  1 1,000  feet  of 
elevation,  then  decreases ;  it  is  slightly  augmented  under  certain  circumstances ; 
as  in  sea  air  by  day,  though  not  at  night ;  the  difference  being  between  '54 
to  -33  per  thousand  (Lewy).  During  the  Arctic  Expedition  of  1875,  Dr  E. 
L  Moss,  of  the  "  Alert,"  found  it  to  range  from  0*483  to  0*641  per  thousand ; 
mean,  0-552*  in  K  Lat  82*  27'. 

The  normal  amount  of  organic  matter  is  not  known,  if  indeed  it  is  not  to 
be  considered  as  an  impurity. 

SECTION  L 
IMPURITIES  IN  MR. 

A  vast  number  of  substances,  vapours,  gases,  or  solid  particles,  continually 
pass  inio  the  atmoephera     Many  of  these  substances  can  be  detected  neither 

"^DrU  Hhmis  tiT  the  "IMBOOvery/  flniiidiM«lli  Mgiier  atwrnto,  Inrt  the«Niditioiifl  BMir  not 
btvelmn  quits  tlie  nm%  at  «oiim  MeMenM  «nor  mokj  have  «oraire4.  (See  Report  of  the 
Gommittee  on  the  Outbreak  of  Benrry,  1877.) 
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by  smell  nor  taste,  and  are  inhaled  without  any  knowledge  on  the  part  of 
those  who  breathe  them.  Others  are  smelt  or  tasted  at  first ;  but  in  a  short 
time,  if  the  substance  remains  in  the  atmosphere,  the  nerves  lose  their  delicacy ; 
so  that,  in  many  cases,  no  warning,  and  in  other  instances,  slight  warning 
only,  is  given  by  the  senses  of  these  atmospheric  impurities. 

As  if  to  compensate  for  this,  a  wonderful  series  of  processes  goes  on  in  the 
atmosphere,  or  on  the  earth,  which  keeps  the  air  in  a  state  of  purity. 

Gases  difiFuse,  and  are  carried  away  by  winds,  and  thus  become  so  diluted 
as  to  be  innocuous ;  or  are  decomposed  if  compound,  or  are  washed  down  by 
rain ;  solid  substances  lifted  into  the  air  by  winds,  or  by  the  ascensional  force 
of  evaporation,  fail  by  their  own  weight ;  or  if  oiganic,  are  oxidised  into 
simple  compounds,  such  as  water,  carbonic  acid,  nitric  acid,  and  ammonia ; 
or  dry  and  break  up  into  impalpable  particles,  which  are  washed  down  by 
rain.  Diffusion,  dilution  by  winds,  oxidation,  and  the  fall  of  rain,  are  the 
great  purifiers;  and  in  addGltion,  there  is  the  wonderful  laboratory  of  the 
vegetable  world,  which  keeps  the^carbonic  acid  of  the  atmosphere  within 
certain  limits.  If  it  were  not  for  these  counterbalancing  agencies,  the  atmo- 
sphere would  soon  become  too  impure  for  the  human  race.  As  it  is,  it  is 
wonderful  how  soon  the  immense  impurity,  which  daily  passes  into  the  air, 
is  removed,  except  when  the  perverse  ingenuity  of  man  opposes  some  obstacle, 
or  makes  too  great  a  demand  even  upon  the  purifying  powers  of  Kature. 

The  air  passing  into  the  lungs  in  the  necessary  and  automatic  process  of 
respiration,  is  drawn  successively  through  the  mouth  and  nose,  the  fauces, 
and  the  air  tubes.  It  may  consist,  according  to  circumstances,  of  matters 
perfectly  gaseous  (as  in  pure  air),  or  of  a  mixture  of  gases  and  solid  particles, 
mineral  or  organic,  which  have  passed  into  the  atmosphere. 

The  truly  gaseous  substances  will  doubtless  enter  the  passages  of  the  lungs, 
and  will  meet  there  with  that  wonderful  surface,  covered  with  the  most 
delicate  tufts  of  blood-vessels,  unshielded  even,  it  is  supposed  by  some,  by 
epithelium,  which  stand  up  on  the  surface  of  5,000,000  or  6,000,000  air-cells, 
and  through  which  the  blood  flows  with  great  velocity ;  there  they  will  be 
absorbed,  and  if,  as  has  been  calculated,  the  surface  of  the  air-cells  is  as  much 
as  from  10  to  20  square  feet  (and  some  have  placed  these  figures  much  higher), 
we  can  well  understand  the  ease  and  rapidity  with  which  gaseous  subs^ces 
will  enter  the  blood. 

The  solid  particles  or  molecules  entering  with  the  air,  may  lodge  in  the 
mouth  or  nose,  or  may  pass  into  the  lungs,  ^  and  there  decompose,  if  of 
destructible  nature ;  or  may  dissolve  or  break  down  if  of  mineral  formation  ; 
or  may  remain  as  sources  of  irritation  until  dislodged ;  or  perhaps  become 
covered  over  with  epithelium,  like  the  particles  of  carbon  in  the  miner's  lung, 
or  may  pass  into  epithelium  and  enter  the  body  through  the  lymphatics. 

If  such  particles  lodge  in  the  mouth  or  nose  they  may  be  swallowed,  and 

*  The  evidence  of  "  miners'  phthisis  "  proves  this ;  bat  in  addition,  Professor  Zenker  has 
published  cases  in  which  snuff  and  different  coloured  powders  have  been  found  in  the  lungs  of 
workmen  employed  in  workshops  in  which  such  particles  have  been  mixed  with  air.  Dr  Enauff 
(Virchow's  Archiv,  band  39,  p.  442)  confined  animals  in  a  box  into  which  the  particles  of  a  sooty 
lamp  passed ;  the  animals  were  well  fed  and  were  healthy ;  the  charcoal  passed  into  the  lungs, 
and  was  got  rid  of  by  expectoration  in  the  form  of  pigment-ceUs.  When  Enauff  inhaled  par- 
ticles of  ultramarine  for  only  ten  minutes,  and  examined  his  sputa,  he  found  cells  with  blue 
particles  in  their  interior.  In  a  cat  charcoal  particles  penetrated  in  three  days  from  the  lungs 
mto  the  lymphatic  glands  and  to  the  pleura. 

Dr  Greenhow  (Trans.  Pathol.  Society,  1868-69)  has  also  pointed  out  how  easUy  small 
floating  particles  enter  the  air-cells,  and  encroach  on  the  alveoli,  and  pass  into  the  interior  of 
ciliated  epithelium.  Villaret  confined  rabbits  in  a  smoky  atmosphere  and  proved  the  existence 
of  fine  particles  of  carbon  in  the  bronchi.  Franke  (Deutsche  Elinik,  1860,  No.  49)  found  par- 
ticles of  charcoal  in  the  lungs  in  a  man  employed  in  loading  charcoal. 
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pass  into  the  alimentaiy  canal,  and  it  is  even  moie  piobable  that  this  shoidd 
oe  the  case  with  all  except  the  lightest  and  most  finely  divided  substances, 
than  that  they  should  pass  into  the  lungs*  Although  incapable  of  presenii 
pioo^  there  is  some  leason  to  think  that  some  of  the  specific  poisons,  which 
float  about  in  an  impure  atmosphere,  such  as  those  which  arise  from  the 
typhoid  or  choLeza  evacuations,  may  produce  their  first  effects,  not  on  the 
lungs  or  blood,  but  on  the  alimentary  mucous  membrane^  with  which  they 
are  brought  into  contact  when  swallowed. 

3U&&KCTI0N  L — SnsPENi>ia>  Matters. 

Nature  of  Suspended  Substances. — An  immense  number  of  substances, 
organic  and  inorganic,  may  be  suspended  in  the  atmosphere.  From  soil  the 
winds  lift  silica,  finely  powdered  silicate  of  alumina,  carbonate  and  phosphate 
of  calcium,  and  peroxide  of  iron.  Volcanoes  throw  up  fine  particles  of  carbon, 
sand,  and  dried  mud,  which  passing  into  the  higher  regions,  may  be  carried 
over  hundreds  of  miles. 

The  animal  kingdom  is  represented  by  the  debris  of  the  perished  creatures 
who  have  lived  in  the  atmosphere,  and  also  it  would  appear  that  the  ascen- 
sional force  of  evaporation  will  lift  even  auimalfl  of  some  magnitude  from  the 
surface  of  marsh  water.  The  germs,  also,  of  Yibriones,  Bacteria,  and  Monads 
(if  we  may  caU  these  animals),  are  largely  present,  and  small  eggs  of  various 
kind& 

From  the  vegetable  world  pass  up  seeds  and  debris  of  vegetation ;  pollen, 
spores  of  fungi,  mycoderms,  mucedines,  which  may  grow  in  the  atmosphere, 
and  innumerable  volatile  substances  or  odours. 

From  the  sea  the  wind  lifts  spray,  and  the  chloride  of  sodium  becoming 
dried  is  so  diffused  through  the  atmosphere,  that  it  is  difficult,  on  spectrum 
analysis,  to  find  a  spectrum  without  the  yeUow  line  of  soda. 

Tie  works  and  habitations  of  man,  however,  furnish  matters  probably  of 
much  greater  importance  in  a  hygienic  point  of  view. 

It  is  not  easy  at  present  to  give  a  complete  enumeration  of  all  the  sub- 
stances, but  the  following  are  the  chief  facts,  divided  under  the  headings  of 
suspended  substances  in  the  external  air  ]  in  rooms  inhabited  by  healthy 
persons ;  in  rooms  inhabited  by  sick  persons ;  in  workshops  and  factories. 

Suspended  Substances  in  Mmtemal  Air, 

1.  Dust  and  sand  showers.  In  different  parts  of  Europe  there  occur  from 
time  to  time  showers  of  dust  and  sand.  Ehrenberg*  gives  the  microscopic 
examination  of  seventy  showers ;  in  addition  to  particles  of  sand  and  oxide 
of  iron  there  were  numerous  organic  forms,  which  are  classed  by  Ehrenberg 
under  the  headings  of  polygastrica  (194  forms),  phytolithariae  (145  forms), 
polythalmia,  &c.  In  addition  there  were  portions  of  plants  and  fragments  of 
insects.  In  a  dust  storm  of  February  1872,  in  Sicily,  Silvestri  f  found  fouf 
species  of  diatoms  and  living  infusoria.  These  sand-storms  are  sometimes 
called  monsoon  showers,  but  it  would  appear  that  any  violent  storm  of  a 
cyclonic  character  may  lift  the  dust  from  sandy  wastes,  as  from  the  African 
deserts,  and  transport  it  great  distances. 

It  remains  yet  uncertain  whether  all  dust-storms  are  entirely  of  telluric 
origin;  it  has  been  supposed  that  some  maybe  derived  from  meteoric  showers, 

•  Ehienbeig's  latest  work  was  published  in  1871.  Uebersicht  der,  seit  1847,  fortgeseteten 
Untersncbaiigen  fiber  das  von  der  Atmosphere  nnsichtbor  getragene  reiche  oiiganische  Leben. 
Berlin,  1871. 

t  Oomptee  Rendus,  1872,  avid,  p.  991. 
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i.e.i  may  enter  our  atmosphere  from  the  realms  of  space,  and  there  has  been 
'Some  speculation  as  to  wheth^  morphoHthes  of  peculiar  nature  may  not  be 
contained  in  such  meteoric  dust  showers.  But  the  point  at  present  has  not 
been  cleared  up. 

There  seems  no  doubt  that  atmospheric  dust  may  travel  to  great  distances ; 
the  air  of  Berlin  has  evidently  contained  organisms  derived  from  the  African 
deserts,  and  the  sails  of  ships  600  or  800  miles  from  Africa  are  often  quite 
red  with  the  sand  which  lodges  on  them. 

2.  Independent  of  these  sand-storms  there  are  numerous  living  creatures  in 
the  atmosphere :  some  lifted  from  the  ground  by  winds,  others  growing  in  the 
air.  Ehrenberg  has  discovered  at  least  200  forms — ^rhizopods,  tardigrades,  and 
anguillulse.  These  can  be  dried,  and  will  then  retain  their  vitality  for 
months,  and  even  years. 

When  the  external  air  is  examined,  either  by  means  of  an  aeroscope  of  some 
kind,  or  by  drawing  it  through  previously  heated  glass  tubes,  surrounded  by 
a  freezing  mixture,  many  of  these  organisms  can  be  found.  Their  number 
cannot  be  directly  estimated  at  present  Indirectly  A.  Smith  has  endeavoured 
to  calculate  the  amount*  from  the  ammonia  in  the  air  which  appears  to  be 
derived  from  organic  matter,  and  has  supposed  that  there  might  be  529,560 
germs  ( « '0056  grain)  in  one  eubic  foot  of  the  air  of  a  city.  But  indirect 
calculations  of  this  kind  are  of  course  doubtfuL  The  following  are  the  most 
important  kinds : — 

(a)  Extremely  small  round  and  oval  cells,  sometimes  growing  together,  or 
more  probably  cleaving,  and  then  presenting  an  appearance  like  the  figure  of 
8.  The  cells,  described  by  Lemaire^f  Trautman,f  B^.champ,  and  others,  are 
exceedingly  minute,  and  it  requires  a  power  of  600  to  1000  diameters  to  see 
them  properly.  Trautman  states  that  they  grow  faster  when  sulphuretted 
hydrogen  is  in  the  air,  and  are  checked  by  carbolic  acid.  Lemaire  found  them 
in  immense  quantities  in  the  air  of  dirty  prison  cells,  and  in  the  sweat  of  the 
prisoners ;  they  will  occur,  however,  in  the  open  air.  They  are  supposed  to 
increase  rapidly  by  cleavage,  but  their  future  development,  if  any,  has  not 
been  traced ;  no  effect  on  the  body  has  been  proved  to  be  produced  by  them. 
To  these  bodies  the  term  microzymes  should  perhaps  be  restricted. 

To  the  same  class,  perhaps,  as  those  round  and  oval  cells,  the  bacteria  and 
monads,  which  have  been  described  as  gathered  from  the  air,  must  be  assigned ; 
the  development  of  these  cells  into  moving  vibiiones  and  rod-like  bacteria, 
though  asserted,  has  not  yet  been  definitely  proved,  and  indeed  Burdon- 
Sanderson's  observations  rather  throw  doubt  on  the  statement  that  true 
bacteria  exist  in  the  air.  Dr  D.  D.  Cunningham§  found  that  Bacteria  are 
rarely  present  (that  is,  recognisable,)  in  dry  atmospheric  dust,  but  they  were 
occasionally  found,  as  well  as  a  specimen  of  green  spirillum.  But  in  the  de- 
posit from  the  moist  air  of  sewers  distinct  Bacteria  were  frequently  observed. 

(b)  Spores  of  fungi  are  not  infrequent ;  in  the  open  air  they  occur  most 
commonly  in  the  summer  (July  and  August  ||) ;  they  are  not  in  this  country 
more  frequent  with  one  wind  than  another ;  the  largest  number  found  by 
Maddox  in  ten  hours  was  250  spores  j  on  some  days  not  a  spore  can  be  found. 
Maddox  leaves  undetermined  the  kind  of  fungus  which  the  spores  developed 
under  cultivation ;  the  spores  were  pale  or  olive-coloured  and  oval,  probably 
from  some  form  of  smut.     Angus  Smith  found  in  water  through  which  the 

*  Air  and  Rain.  b.  604. 

+  Comptes  Rendus  de  I'Acad.,  Oct.  1867,  b.  637. 

1  Die  Zersetzuugsgase  ala  Ursache  zar  Weiter-Terbreitunff  der  Cholera,  1869. 

li  Maddox,  Monthly  Journal  of  the  Microscopical  Society,  June  1870,  and  February  1871. 


Pla,te  V 


dff>M 


rX  IE  RN  A\L    A  I  K 


DssGBiFnoN  OF  Platb  y. 

External  Air. 

Fig.  1.  Fragment  of  Pine-wood. 

1'.  Epidermifl  of  Hay,  with  Fungus  attached. 

3.  Linen  fibres.    N.B.  The  thick  fibres  crossing  in  lower  third  of  plate. 

3.  Epitheliiim  (nucleated)  from  the  moutL 

4.  Do.        detached  from  the  skin. 

5.  Cotton  fibre. 

e'.  Feather,  or  Down. 

CL  Charred  vegetable  particles,  and  mineral  matter. 


Description  of  Plate  VI. 

Accident  Ward. 

Fig.  1^  Epidermis  of  Hay,  with  Fungus  attached. 

2.  Linen  fibre. 

2^.  Fungus  filament    N.R  Long  narrow  filament  in  upper  left  of  plate. 

3.  Nucleated  Epithelium  from  the  mouth. 
3a  JPus  cells. 

4.  Worn  Epithelium  from  the  skin. 
4a^Charred  vegetable  particles.    4d  Fungus  spores. 

5.  Cotton  fibre. 

6.  Woollen  fibre. 

7.  Fragments  of  Insects. 

8.  Pine  Pollen. 

9.  Dried-up  Palmellaceous  Frond. 

10.  Ciliated  spore,  probably  of  VcDueehria. 
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lur  of  Manchester  wbb  drawn  innmneiable  spoTes.  Mr  Dancer  has  calculated 
that  in  a  single  drop  of  the  water  250,000  fungoid  spores  as  well  as  mycelium 
were  present,  but  as  the  water  was  not  examined  for  some  time  there  may 
have  been  growth*  Mycelium  of  fungus  seems  uncommon  in  the  air,  but  is 
sometimes  found.  The  cells  of  the  Fratococau  pluvialis  are  not  uncommon, 
and  perhaps  of  other  algse.  On  the  whole,  the  experiments  of  Maddox  show 
that  in  his  locality  (near  Southampton),  it  is  incorrect  to  speak  of  the  air 
being  loaded  with  fungoid  spores ;  they  can  be  found,  but  are  not  vei:^  numer- 
ous. Blackley  ("Experimental  Eesearches  on  the  Causes  and  Natuiaa  of 
Catarrhus  Aestivus,"  187.3,)  says  the  amount  of  spores  collected  on  a  slide  in 
four  hours  amounted  to  30,000  or  40,000  per  square  inch*  Dr  D.  D. 
Cunningham*  says  that  in  the  air  in  the  suburbs  of  Calcutta,  spores  are  con- 
stantly present,  and  usually  in  considerable  numbera  He  gives  a  large 
number  of  beautiful  drawings. 

(c)  Parts  of  flowers,  especially  pollen,  f  in  the  spring  and  summer  are  very 
common,  cuticular  scales,  vegetable  fibres  and  hfurs,  seed  capsules,  globular 
cells,  &G.i  'Neax  habitations  are  also  found  bits  of  wood  often  withered  or 
burnt,  bits  of  charcoal,  starch  grains,  cotton  and  wool  fibres,  &c  All  these 
substances  appear  from  Watson's  experiments  to  be  more  abundant  in  land 
than  sea  air,  as  might,  indeed,  be  expected 

(d)  Animals,  or  portions,  such  as  scales  from  the  wings  of  moths  and 
butterflies ;  portions  of  the  wings  of  insects ;  legs  of  spiders,  bits  of  spiders' 
webs,  and  similar  objects,  are  not  uncommon ;  but  sometimes  even  living 
ftnimftlft  are  found  of  some  size,  apparently  rhizopods  and  amoebiform  bodies. 

(e)  Mineral  substances,  fine  particles  of  sand,  clay,  and  chalk  are  generally 
found,  even  when  there  is  no  dust-storm,  and  are  much  more  common  when 
the  ground  is  dry ;  rain,  indeed,  appears  not  only  to  prevent  these  particles 
from  being  lifted,  but  also  to  precipitate  those  in  the  air. 

In  manufacturing  districts,  or  near  a  railway,  there  may  be  even  large 
particles  of  metals,  or  pottery  clay,  or  stone  in  the  external  air ;  in  the  dust 
collected  from  a  railway  caniage  near  Birmingham,  Mr  Sidebotham§  fotmd 
many  large  particles  of  iron  capable  of  attraction  by  a  magnet,  and  being,  in 
iactj  fused  particles  of  iron  often  covered  with  spikes  and  excrescences. 

In  towns  with  macadamised  roads,  dust  and  remains  of  horse  droppings, 
finely  powdered  by  the  traffic,  pass  into  the  air,  and  as  this  is  more  common 
in  dry  weather,  the  sanitary  importance  of  watering  and  washing  the  streets 
of  great  traffic  is  manifest. 

Mr  Tichbome  has  pubHshedJI  some  analyses  of  the  street  dust  of  Dublin ; 
it  contained  from  29*7  per  cent,  of  organic  matter  (at  the  top  of  a  pillar  134 
feet  high)  to  45*2  per  cent  (in  the  air  of  a  street);  the  organie  matter  was 
chiefly  stable  manure  finely  grotmd;  it  acted  as  a  ferment,  and  reduced 
nitrate  of  potassium  into  nitrite ;  it  bad,  therefore,  a  strong  deoxidising  power. 
The  plate  (No.  V.),  drawn  by  I>r  J.  D.  Macdonald,  RN.,  F.RS.,  shows  some 
of  the  substances  found  in  the  external  air  in  the  garden  of  St  Mary's 
Hospital,  PaddiDgton.1I 

*  Ninth  Anoual  Report  of  the  Sanitary  Commissioner  -with  the  (Sovemment  of  India. 

t  B]ackle7(op.  cU. )  shows  that  pollen  is  in  large  qoantities,  sometimes  amounting  to  7870  grains 
)>6r  squalid  inch  of  slide.  In  the  upper  strata  of  the  air  (at  400  to  500  feet)  he  found  much  more 
than  m  the  lower,  on  an  average  19  times  as  much.  Cunningham  (op.  cU.)  also  found  pollen 
in  Urge  quantity. 

X  See  oheervations  on  the  suspended  matters  of  land  and  sea  air,  by  Dr  Watson,  Staff  Suigepn, 
for  a  description  of  a  good  plan  of  examining  the  air,  and  for  some  drawings.  Army  M^cal 
Department  Report,  vpL  zf.  p.  529  (1871)r 

f  Chemical  iCews,  Octoher  1871.  II  Ihid.  Oct  1870. 

1  From  "Three  Reports  on  the  Sanitanr  Condition  of  St  Mary's  Hoipital,  Paddihgton,  by 
Snigeon-Migor  F.  de  Chaumont,  M.D.,  ISy^-S." 
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if)  It  caimoi  be  doubted  iJuiTRiioiuoigaiucsabstaiioeidn  the  ground 
and  finely  pulyenaed,  ma j  be  lifted  into  the  air  by  winds,  and  may  be  carried 
to  great  diatancea ;  imder  the  microeoope  the  paiticlea  would  probably  appear 
fQEmlefl8,and  could  not  be  referred  to  any  special  daaSibut  would  be  included 
under  the  tetm  of  '^  dust,"  or ''  amorphous  matter."  In  this  way  it  is  believed 
that  some  diseases  may  be  propagated ;  cholera,  for  example,  by  the  particles 
of  dried  excreta  lifted  and  carried  by  the  wind,  and  smallpox  and  scarlet 
fever  by  the  disintegrated  epidermis  or  dried  dischazgea  In  the  case  of 
smallpox  and  scarlet  fever,  the  distances  to  which  the  ^'contagions'*  spread 
by  means  of  the  air  is  certainly  inconsiderable.* 

Some  of  the  various  particles  of  different  kinds  thus  suspended  in  the  air 
reflect  and  scatter  the  rays  of  light,  and  produce  the  appearance  of  fine  motes, 
which  are  familiar  to  every  one,  as  seen  in  the  course  of  a  ray  of  light  passing 
through  a  dark  room,  or  when  au  electric  beam  is  transmitted  through  a  tube. 
When  the  air  is  kept  motionless  they  subside,  so  that  most  of  them  have 
some  weighty  though  some  are  so  light  as  not  to  subside  in  ratified  air 
(Tichbome) ;  when  heated,  Tyndall  has  shown  that  some  of  them  are  burnt, 
and  a  little  bluish  mist  arising  &om  the  combustion  can  even  be  perceived ; 
the  destructible  nature  proves,  of  course,  the  organic  origin  of  those  consumed, 
but  does  not  show  whether  they  are  organised  or  not 

Suspended  Matters  in  Enclosed  Spaces. 

1.  Booms  inhabited  by  Healthy  Persons, — In  all  inhabited  rooms  which  are 
not  perfectly  ventilated,  the  presence  of  scaly  epithelium,  single  and 
tesselated;  round  cells  like  nuclei,  portions  of  fibres  (cotton,  linen,  wool), 
portions  of  food,  bits  of  human  hair,  wood,  and  coal,  can  be  found  in  addition 
to  the  bodies  which  are  present  in  the  external  air,  though,  as  shown  by 
Watson,  mineral  matters  and  vegetable  matters  are  not  so  plentiful,  as  the 
comparative  stillness  of  the  air  allows  them  to  falLf 

In  some  cases  articles  of  furniture  may  furmsh  certaiu  substances ;  the  flock 
wall-papers,  coloured  green  by  arsenical  preparations  (especially  Scheele's  green 
and  Schweinfiirth  green),  give  off  little  particles  of  arsenical  dust  into  the 
room )  %  and  it  has  been  shown  by  Professor  Fleck  §  that  the  arsenious  acid  in 
the  Schweinfiirth  green,  when  in  contact  with  moist  organic  substances,  and 
especially  starch  sizing,  forms  arseniuretted  hydrogen,  which  diffuses  in  the 
room,  and  is  no  doubt  the  cause  of  some  of  the  cases  of  arsenical  poisoning 
from  green  papers. 

2.  Sick-Rooms. — In  addition  to  being  vitiated  by  respimtion,  the  air  of 
sick-rooms  is  contaminated  by  the  abundant  exhalations  horn  the  bodies,  and 
by  the  effluvia  from  discharged  excretions.  The  quantity  of  organic  matter 
is  known  to  be  large,  but  it  is  difficult  at  present  to  give  a  quantitative  state- 
ment. Moscati,  who  (in  1818)  condensed  the  watery  vapour  of  a  ward  at 
Milan,  describes  it  as  being  slimy,  and  as  having  a  marshy  smelL  The 
peculiar  smell  of  an  hospital  is  indeed  very  remarl^ble,  and  its  similarity  in 
hospitals  of  different  kinds  seems  to  show  that  the  odorous  substance  has  a 


*  In  the  aiT  of  the  back-yard  of  another  London  hoq>ital,  I  found  considerable 
c^uantities  of  epithelium ;  and  in  the  ''  dirtv  linen  area,"  where  the  foul  linen  was  kept  in  crates 
till  washed,  I  found  not  only  epithelium,  but  even  pus  globules,  and  also  a  quantity  of  fatty 
crystels,  apparently  ftom  dressmgs.  There  were  also  Bacteria,  both  free  and  in  the  zoocrlaeal 
form.    (F.de  C.)  * 

t  Niunerous  observations  on  the  air  of  barracks  and  military  hospitals  have  been  made  by 
medical  officers  of  the  army,  especially  by  Drs  de  Chaumont,  Frank,  Hewlett  (of  Bombay) 
Stanley,  Baynw  Reed,  Venner,  Watson,  and  many  others.    (See  the  Army  Medical  Depart' 
ment  Annual  Reports,  from  18eC-70).  *^ 

X  Halley  and  many  others.  §  Zeitsch.  fiir  Biologie,  bdL  viii.  p.  445  (1872). 
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flimilar  eompocdtion  in  many  oaMU    the  reaotion  of  oione  appeus  not  to  be 
given  in  such  an  atmoephero. 

Deveigie  found  an  "immense  amount"  c^  otgi^nio  matter  in  the  aii  in  tba 
vicinity  of  a  patient  with  hospital  gangrene. 

The  dust  of  a  ward  in  St  Louis,  in  Paris,  examined  by  Chalvety  was  found 
in  one  experiment  to  contain  36  per  cent  of  organic  matter,  and  in  another 
46  per  cent  When  burnt,  it  gave  out  an  odour  of  horn.  The  dust  collected 
in  hospitals  for  diseases  of  the  skin  is  stated  by  Gailleton  to  be  full  of 
spomles  of  the  Trichophyton.  They  ean  be  found  in  the  air  of  the  ward 
when  condensed  by  ice. 

Much  interest  was  excited  in  1849  by  the  discovery  by  Drs  Brittan  and 
Swayne,  of  Qifton,  of  bodies  very  like  fungi  in  the  air  of  a  cholera  ward  > 
later  researches  lead  to  the  opinion  that  this  observation  was  perfectly  correct^ 
though  the  connection  between  these  fungfi  and  cholera  is  still  quite  uncertain. 
In  1849,  alBo,  Dr  Ihindas  Thomson  drew  the  air  of  a  cholera  ward  through 
sulphuric  acid,;  various  suspended  substances  were  arrested,  starch,  woollen 
fibres,  epithelium,  fungi  or  spores  of  fungi,  and  vibriones.  Mr  Rainy  also 
found  in  the  air  of  a  cholera  ward  in  St  Thomas'  Hospital,  the  spores  and 
mycelium  of  fungi  and  bacteria^  Some  of  these  bodies  were  found,  however, 
in  the  open  air.  In  hospitals  for  skin  diseases  the  Achoriom  has  been  detected 
in  the  air  where  there  are  patients  with  f  avus ;  and  Tilbury  Fox*  has  figured 
the  spores  (clustered  and  in  chains),  and  the  mycelium  of  the  Trichophyton 
in  a  ward  with  a  number  of  children  with  tinea  circinata. 

The  scaly  and  small  round  epithelia  fotuid  in  most  rooms  are  in  large 
quantity  in  hospital  wards ;  and  probably  in  cases  where  there  is  much  ex- 
pectoration or  exposure  of  pus  or  puriform  fluids  to  the  air,  the  quantity 
would  be  still  larger. 

Considering  that  the  pleuro-pneumonia  of  cattle  is  probably  propagated 
through  the  pus  and  epithelium  cells  of  the  sputa  passing  into  the  air-cells  of 
other  cattle ;  that  even  in  man  there  is  evidence  of  a  pneimionic  or  phthisical 
disease  being  contagious  (Bryson,  "  Cases  in  the  Mediterranean  Fleet  **),  the 
floating  of  these  cells  in  the  air  is  worthy  of  all  attention.  It  may  explain 
some  of  those  curious  instances  of  phthisis  being  apparently  communicated. 
In  the  air  of  a  phthisical  ward  at  Netley,  Dr  Watson  not  only  found  pus 
cells,  but  bodies  which  were  not  found  in  the  external  air  or  in  the  rooms  of 
healthy  persons,  and  which  were  very  like  the  cells  seen  in  tuberculous 
matter.  In  military  granular  conjunctivitis  (gray  granulations),  the  remark- 
able effect  of  ventilation  in  arresting  the  spread  (Stromeyer)  seems  to  show 
that  we  have  here  a  similar  case,  and  that  ventilation  acts  by  diluting,  oxidis- 
ing, and  drying  the  cells  thrown  off  from  the  conjunctivae.  In  small-pox 
wards,  Bakewell  has  found  unequivocal  evidence  of  minute  scales  of  small-pox 
matter  in  the  air.  It  seems  probable  that  the  discovery  of  suspended  matters 
of  this  kind  will  lead  to  most  important  results.!  The  possibility  of  a  direct 
transference  from  body  to  body  of  ceUs  undergoing  special  chemical  or  vital 
changes  is  thus  placed  beyond  doubt,  and  the  doctrine  of  contagion  receives 
an  additional  elucidation.  It  remains  to  be  seen  whether  pus  and  epithelium 
cells  becoming  dried  in  the  atmosphere  can  again,  on  exposure  to  warmth  and 
moisture,  undergo  the  changes  which  had  been  interrupted,  or  whether  they 
would  not  rather  break  down  into  impalpable  particles,  and  then  be  totally 
oxidised  and  destroyed.     It  is  now  generally  admitted  that  protophytes  like 

*  Lancet,  Jantuiry  1872. 

+  In  the  accident  ward  of  St  Har/i  Hospital,  Paddhigtoii,  I  fooad  pus  cells  in  the  air,  near 
some  beds  which  had  a  bad  reputatitm  for  erysiprias.  Sea  plate  drawn  by  Dr  Maodonald, 
(Report  on  3t  Mary's  op.  eU,).     (F.  de  C.) 
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tlie  Protococeua  pluvicUiSy  may  be  dried  and  yet  retain  their  vitality  even  for 
years,  and  may  be  blown  about  in  atmospheric  currents  j  but  it  would  not  be 
right  to  infer  a  similar  power  on  the  part  of  epithelium  or  pus  cells. 

3.  WorkshopSy  Factories^  and  Mines. — Grinding  of  steel  and  iron,  and 
atones ;  making  metallic  and  pearl  buttons ;  melting  zinc ;  melting  solder ; 
carding  and  spinning  textile  fabrics  of  all  kinds ;  grinding  paint ;  making 
cement^  and  in  fact  almost  innumerable  trades  cause  more  or  less  dust  derived 
from  the  fabrics  and  materials,  to  pass  into  the  air. 

Dr  Sigerson^  found  a  black  dust  composed  of  carbon,  iron  (in  the  shape  of 
small  ja^ed  pieces,  and  also  as  hollow  balls  -jthht  ^^  ^^  ^^^  ^  diameter), 
and  ash,  in  metal  shops.  In  the  air  of  a  printing  office  there  was  enough 
antimony  to  be  chemically  detected.  In  the  air  of  stables  were  equine  haiis, 
epithelium,  moth  cells,  ovules,  and  various  fungi 

In  addition  to  these  suspended  matters,  which  vary  with  the  kind  of  work, 
the  air  of  workshops  is  lately  contaminated  by  respiration  and  by  the  com- 
bustion of  gas  (see  below  and  page  105). 

In  mines  the  suspended  matters  are  made  up  of  the  particles  of  the  parti- 
cular substance  which  is  being  worked,  or  of  rock  excavated  to  obtain  metals, 
of  sooty  matters  from  lamps  and  candles,  and  of  substances  derived  from 
blasting  (see  page  112). 

SuB-SsonoN  n. — Gasboub  Substanobb. 

A  great  number  of  gases  may  pass  into  the  atmosphere  either  from  natural 
causes  or  from  the  works  of  man. 

Compounds  of  Carbon, — Carbonic  acid  (abnormal  if  exceeding  5  in  10,000 
parts),  carbonic  oxide,  carburetted  hydrogen,  and  pecidiar  substances 
(gaseous)  in  sewer  air. 

Compounds  of  Sulphur, — Sulphurous  acid,  sulphuric  acid,  sulphuretted 
hydrogen,  ammonium  sulphide,  and  carbon  bisulphide. 

Compounds  of  Chlorine, — Hydrochloric  acid  from  alkali  works. 

Compounds  of  Nitrogen, — ^Ammonia  and  ammonium  acetate,  sulphide,  and 
carbonate  (normal  in  small  amount  t),  and  nitrous  and  nitric  acids. 

Compounds  of  Phosphorus, — ^Phosphoretted  hydrogen- 

Organic  Vapours, — Of  the  exact  composition  of  the  vapours,  often  foetid, 
which  arise  from  various  decomposing  animal  matters,  little  is  known.  The 
vapours  of  sewage  have  been  examined  by  Odling,  and  were  found  to  be 
carbo-ammoniacal,  containing  more  carbon  than  methylamine,  and  less  than 
ethylamine. 

Sub-Sbotion  III. — ^Nature  op  Impubitibs  in  Cbrtain  Special  Cases. 

Air  Vitiaied  hy  Respiration. 

An  adult  man,  in  ordinary  work,  gives  off  in  twenty-four  hours  from  12  to 
16  cubic  feet  or  more,  according  to  weight,  of  carbonic  acid  gas,  and  also 
emits  an  undetermined  quantity  of  carbonic  acid  gas  by  the  skin.  On  an 
average,  an  adult  man,  not  doing  excessive  work,  may  be  considered  to  give 
to  the  atmosphere  every  hour  not  less  than  '6  cubic  feet  of  carbonic  acid. 
Pettenkofer  states  the  amount  at  about  0*7.  f  Women  give  off  less,  and 
children  and  old  people  also  give  off  a  smaller  amount 

The  amount  of  carbonic  acid  in  pure  air  being  assumed  to  be  on  an  average 


*  British  Medical  Journal,  June  1870,  from  Memoirs  off  the  Irish  Academy,  in  which  publi- 
pation  are  some  excellent  observations  bjr  the  same  writer, 
t  This  is  the  quantity  adopted  by  Roth  and  Lex  (Militfir-Oeemidheitspflege). 
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0'4  per  1000,  or  four  yolumes  per  10,000,  the  quantity  in  the  air  of  the  looms 
vitiated  by  respiration  varies  within  wide  limits,  and  many  analyses  will  be 
found  in  books.  The  following  table  is  a  part  of  the  numerous  experiments 
on  banrack-rooms  by  Dr  de  Chaumont  on  this  pointy  and  is  especially  valuable, 
because  the  amount  of  carbonic  acid  in  the  external  air  was  simultaneously 
determined.  The  analyses  were  made  at  night,  and  when  the  men  were  in 
the  rooms.  The  cubic  space  per  head  was  600  feet  in  the  barracks  and  from 
1200  to  1600  in  the  hospitals. 

The  last  column  of  the  table  shows  the  condition  of  the  ventilation  as 
measured  by  the  carbonic  acidj  it  is  very  satisfactory  in  the  new  barracks 
(Gfoeport  and  Chelsea),  but  is  much  less  so  in  the  old  barracks  and  casemates. 
The  Herbert  and  Hilsea  military  hospital  show  excellent  ventilation,  while 
the  old-fashioned  Portsmouth  garrison  hospital  is  very  bad  in  this  respect 
The  prison  cells  ^ow,  in  all  cases,  a  very  high  degree  of  respiratory  impurity, 
and  this  must  be  one  of  the  depressing  influences  of  long  cell  confinement 
Wilson  ("  Handbook  of  Hygiene")  gives  some  important  information.  In  cells 
(in  Portsmouth  Convict  Prison)  of  614  cubic  feet,  always  occupied,  he  found 
the  CO2  =  0*720  per  1000  >  the  prisoners  were  healthy  and  had  a  good  colour. 
In  cells  of  210  cubic  feet,  occupied  only  at  night  by  prisoners  employed  out- 
side during  the  day,  he  found  1044  per  1000  of  CO^;  the  occupants  were  all 
pale  and  anaemic. 

The  carbonic  acid  of  respiration  is  equally  diffused  through  the  air  of  a 
room  (Trfissaigne,  Pettenkof  er,  Eoscoe)  ;  it  is  very  rapidly  got  rid  of  by  opening 
windows  (Gi^),  and  in  this  respect  differs  from  the  organic  matter,  and  pro- 
bably from  the  watery  vapour ;  neither  appears  to  diffuse  rapidly  or  equably 
through  a  room* 

Amount  of  Carbonic  AndydricU  in  1000  Ydumu  of  Air  (de  Ckaumon£)^ 
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Chelsea,            .... 
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HiLITABT  AND  CiVIL  HOSPITALS. 

Portamonth  Gamaon  Hospital, 

•806 

2-057 

•976 

•670 

Portsmouth  Civil  Infirmary, 

•822 

1-809 

•928 

•606 

Herbert  Hospital, 

Hilsea  Hospital, 

St  Mary's,  raddington*    .... 
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Alderahot  Military  Prison— Cells,     . 

•409 
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1651 

1242 

Gosport  Military  Prison — Cells, 

•555 

2-844 

1-385 

•780 

Chatham  CoDvict  Prison — Cells, 

•452 

3-097 

1-691 

1-239 

Pentonville  Prison — Cells— Jebb's  system. 

•  •  • 

1  -9-26 

•989 

•  •  • 

The  amonnt  of  carbonic  acid  is  often  mnch  greater  than  in  the  above 
instances.  In  a  boys*  school  with  67  boys,  and  4640  cubic  feet  ^  «  69  cubic 
feet  per  head),  Eoscoe  found  3^1  parts  of  GO2  per  1000.  In  Leicester,  in  a 
room  with  six  persons,  and  only  51  cubic  feet  of  space  per  head,  and  with 
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tliree  gajsi  lights  burning,  Mr  Weater*  foimd  the  carbonic  acid  to  be  5*28  parts 
per  1000 ;  while,  in  a  girls'  schoolroom  (70  girls,  and  10,400  cubic  feet),  or 
150  cubic  feet  per  head,  Pettenkofer  found  no  less  than  7 '230  parts  per  1000. 
In  many  schools,  workrooms,  and  factories,  the  amount  of  respiratory 
impurity  must  be  as  great  as  this,  and  doubtless  a  constant  unfavourable  effect 
is  produced  on  health.  Dr  Hayne  (in  H.M.  ship  "  Doris  '*)  found  the  COj 
to  range  from  1*03  to  3*21  between  decks,  the  latter  quantity  being  in  the 
ward-room  with  the  scuttles  in.t  In  the  Arctic  Expedition  of  1^75-4, 
Dt  Moss  found  as  much  as  4*82  in  the  ward-room  of  the  "Alert,"  "room 
feeling  very  close ; ''  and  Dr  Ninnis  found  5*57  in  the  lower  deck  of  the 
"  Discovery. " 

In  a  horse  stable  at  the  Ecole  Militaire,  the  amount  was  7  per  1000.  At 
Hilsea,  with  a  cubic  space  of  655  cubic  feet  per  horse,  the  amount  was  1*053 ; 
and  in  another  stable,  with  1000  cubic  feet  per  horse,  only  *593  per  1000  (de 
Chaumont).  Marcker  found  8*5  in  a  stable  in  Oottingen,  and  no  less  than 
17*07  in  a  byre. 

By  the  skin  and  lungs  pass  off  from  25  to  40  ounces  of  water  in  24  hours, 
to  maintain  which,  in  a  state  of  vapour,  211  cubic  feet  of  air  per  hour  are 
necessary  on  an  average.  Of  course,  however,  temperature  and  the 
hygrometric  condition  of  the  air  greatly  modify  this.  Organic  matter  is  also 
given  off  from  the  skin  and  lungs,  the  amount  of  which  has  never  been  pre^ 
cisely  determined.  Kor  is  it  possible,  at  present,  to  estimate  it  correctly. 
This  organic  matter  must  be  partly  suspended^  and  is  made  up  of  small 
particles  of  epithelium  and  fatty  matters  detached  from  the  akin  and  mouth, 
and  partly  of  an  organic  vapour  given  off  from  the  lungs  and  moutL  The 
organic  matter  from  the  lungs,  when  drawn  through  sulphuric  acid,  darkens 
it ;  through  permanganate  of  potash,  decolorises  it ;  and  through  pure  water, 
renders  it  offensive.  Collected  from  the  air  by  condensing  the  watery  vapour 
on  the  sides  of  a  globe  containing  ice  (ajs  by  Taddei  in  the  wards  of  the  Santa 
Maria  Novella),  it  is  found  to  be  precipitated  by  nitrate  of  silver,  to  decolonse 
potassium  permanganate,  to  blacken  on  platinum,  and  to  yield  ammonia.  It 
is  therefore  nitrogenous  and  oxidisable.  It  has  a  very  foetid  smell,  and  this 
is  retained  in  a  room  for  so  long  a  time,  sometimes  for  four  hours,  even  when 
there  is  free  ventilation,  as  to  show  that  it  is  oxidised  slowly.  It  is  probably 
in  combination  with  water,  for  the  most  hygroscopic  substances  absorb  most 
of  it.  It  is  absorbed  most  by  wool,  feathers,  damp  walls,  and  moist  paper, 
and  least  by  straw  and  horse-hair.  The  colour  of  the  substance  influences  its 
absorption  in  the  following  order  i-'— black  most,  then  blue,  yellow,  and  white. 
It  is  probably  not  a  gas,  but  is  molecular,  and  floats  in  clouds  through  the 
air,  as  the  odour  is  evidently  not  always  equally  diffused  through  a  room.  In 
a  room,  the  air  of  which  is  at  first  perfectly  pure,  but  is  vitiated  by  respiration, 
the  smell  of  organic  matter  is  generally  perceptible  when  the  CO^  reaches 
•7  per  1000  volumes,  and  is  very  strong  when  the  COj  amounts  to  1  per 
1000.]:  From  experiments  made  at  Gravesend,  Netley,  Aldershot^  and 
Hilsea,  by  various  medical  officers,§  it  has  been  ehown  that  the  amount  of 
potassium  permanganate  destroyed  by  air  drawn  through  its  solution  is 
generally  in  proportion  to  the  amount  of  carbonic  acid  of  respiration. 

It  is  indeed  asserted  by  Gaultier  de  Claubry  (  "  Ann.  d'Hygiene,'*  April  1861, 

*  Mr  Weaver  gives  Aeveral  Kood  analyses  m  difEBrent  public  and  private  rooma  in  Leicester. 
Lancet,  July  and  August  1872. 

+  Med.  Chir.  Trans,  vol.  Ivii. 

X>  On  this  point  see  table  at  page  142. 

§  By  Drs  de  Chaumont,  Hewlett  (Bombay  Army),  St  John,  Stanley,  Baynes  Beed,  tuDes, 
Yenning,  Martin^  and  others. 
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p.  348),  that  in  barracks,  some  minutes  only  after  the  soldiers  had  entered, 
the  smell  of  organic  matter  was  perceptible,  though  there  was  at  that  time  no 
augmentation  in  carbonic  acid  detected. 

When  the  air  of  inhabited  rooms  is  drawn  through  pure  water,  and  the  free 
ammonia  got  rid  off,  distillation  with  alkaline  permanganate,  in  the  method 
of  Wanklyn,  gives  a  perceptible  quantity  of  "albuminoid  ammonia."  In  a 
bed-room  at  9  p.m.,  A-  Smith*  found  '1901  milligrammes  in  1  cubic  metre  of 
$31 ;  at  7  A.M.  there  were  '3346  milligrammes  in  each  cubic  metre. 

Mr  Moss  (apothecary  to  the  Forces)  has  made  some  careful  experiments  on 
the  air  of  rooms,  and  has  compared  it,  in  some  cases,  with  the  external  air 
{Lancely  Nov.  1872).  The  average  of  eight  observations  in  the  external  air 
(at  Portsmouth)  gave  0*0935  of  free  NHg,  and  0-0886  of  albuminoid  NHg  in 
milligrammes  per  cubic  metre.  In  the  Portsmouth  General  Hospital  he  found 
the  &ee  NH3  as  high  as  0*855,  and  the  albuminoid  1'307. 

The  following  is  from  Dr  de  Chaumont's  Eeports  on  the  Ventilation 
Experiments  at  St  Mary's  Hospital,  Paddington. 

Milligrammes  per  Ctthic  Tnetre, 


Total 

FmNHa 

AHmmlnoid 
NH,. 

Organto 
oxygen. 

oxygen  for 
oxldlaable 

Remarks* 

matter. 

Kxtemalai/,  > 
Jn^  1S76,       .  { 

0-8574 

0-5280 

•  •• 

1-4300 

Air  damp  and  still,  wind 

0*6680 

0-4710 

•  •S 

1-4900 

Do.  . 

0*6669 

0-6770 

•  •  • 

1-5100 

Do.  . 

0-3619 

0-6915 

•  •  • 

1*8600 

EzternsYair,  } 
Aagiutl876,  , 
Waidfl, 

0-0163 
0-0497 

0-5206 
0-4622 

0-4444 
0-3747 

0-5714 
9-5621 

)  Air  dry  and  warm^  wind 
(      8.E.  by  £.,  freab. 

Do.  . 

nil. 

0-2824 

^  0-2571 

0-5142 

Do.  . 

0-0310 

.   0-8576 

0-3101 

0-3567 

Do.  . 

0-0127 

0-5259 

0-2226 

^  0*4451 

Do.  . 

00100 

[  0-8684 

0-4420 

0-6315 

It  is  evident  that  the  condition  of  the  external  air,  with  regard  to  move- 
ment and  humidity,  has  a  great  deal  to  do  with  the  amount  of  organic  matter. 
The  nitrogen  acids  are  also  met  with ;  in  one  instemce,  in  the  above  experi- 
ments, they  reached  in  a  ward  28*484  per  metre,  o£  which  0*7392  was 
nitrons,  and  the  rest  nitric  acid. 

Air  VitiaUd  bp  CambusUon. 

The  products  of  firing  pass  out  into  the  atmosphere  at  large :  those  of  light- 
ing are  for  the  most  part  allowed  to  diffuse  in  the  room. 
Coal  of  average  quality  gives  off  in  combustion — 

1.  Carbon. — ^About  1  per  cent*  of  the  coal  is  given  off  as  fine  carbon  and 
tarry  particles. 

2.  Carbonic  acid. — In  Manchester,  Angus  Smith  calculated  some  years  ago 
that  15,000  tons  of  carbonic  acid  were  daily  thrown  out 

3.  Carbonic  oxide. — ^The  amount  depends  on  the  perfection  of  combustion. 
4  Sulphur  and  sulphurous  and  sulphuric  acids. — The  sunount  of  sulphur 

in  coal  varies  from  A  to  6  or  7  per  cent     In  the  air  of  Manchester,  A.  Smith 
found  1  grain  of  sulphuric  acid  in  2000  and  1076  cubic  feet 


*  Air  and  R«fe,  p.  436.— If  ezpnssed  as  grammes  per  million  cubic  metres,  the  amonnt  is 
190-114  and  334 -OOl;  io  grains,  iu  1  million  cubic  feet,  the  numbers  are  88*074  and  146*210. 


•                          • 

40      to    45-58 

g«n)>     • 

35      to     40 

^^                w  ^ 

3      to      6-6 

3      to      4 

2      to      3 

0-29  to      1 

2      to      2-5 

3      to      3-75 

\ 

•6   to      1 

.  >            (or  in  the  beat  cannel- 

.  )             coal 

gaa  only  traces.) 
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5.  Carbon  bisulphide. 

6.  Ammomnm  sulphide,  or  carbonata 

7.  Sulphuretted  hydrogen  (sometimes). 

8.  Water. 

From  some  manufactories  there  pour  out  much  greater  quantities  of  SO^ 

(copper  works),  arsenical  fumes,  sulphuretted  hydrogen,  carbonic  acid,  <&a. 

For  complete  combustion,  1  9>  of  coal  demands  about  240  cubic  feet  of  air. 

Wood  produces  carbonic  acid  and  oxide  and  water  in  large  quantity,  but 

few  compounds  of  sulphur.     1  9>  of  dried  wood  demands  about  120  cubic  feet 

of  air  for  complete  combustion. 

Coal^aSy  when  fairly  purified,  is  composed  of — 
Hydrogen, 

Marsh  gas  (Hght  carburetted  hydrogen). 
Carbonic  oxide, 
defiant  gas  (ethylene), 
Acetylene, 

Sulphuretted  hydrogen, 

Kitrogen,  . 

Carbonic  acid. 

Sulphurous  acid,    . 

Ammonia  or  ammonium  sulphide. 

Carbon  bisulphide. 

In  some  analyses  the  carbonic  oxide  has  been  as  high  as  11  per  cent,  and 

the  light  carburetted  hydrogen  56  :  in  such  cases  the  amount  of  hydrogen  is 

smalL     As  much  as  60  grains  of  sulphur  have  been  found  in  100  cubic  feet 

of  gas.*     The  Parliamentary  maximum  is  20  grains  in  100  cubic  feet     In 

badly  purified  gas  there  may  be  a  great  number  of  substances  in  small  amount, 

especially  hydrocarbons  and  alcohols,  such  as  propylene,  butylene,  amylene, 

benzole,  xylol,  some  of  the  nitrogenous  oily  bases,  such  as  pyrrol,  picoline, 

&c.t 

When  the  gas  is  partly  burnt,  the  hydrogen  and  light  and  heavy 
carburetted  hydrogens  are  almost  destroyed;  nitrogen  (67  per  cent),  water 
(16  per  cent),  carbonic  acid  (7  percent),  and  carbonie  Ofxide  (5  to  6  per  cent), 
with  sulphurous  acid  and  ammonia,  bcdng  the  principal  resultants.  And 
these  products  escape  usuallj  into  Hie  air  of  rooms.  With  perfect  combustion 
there  wHl  be  little  carbonic  oxid& 

Aco(>rding  to  the  quality  of  the  gas,  1  cubic  foot  of  gas  will  unite  with 
from  *9  to  1  -64  cubic  feet  of  oxygen,  and  produces  on  an.  average  2  cubic  feet 
of  carbonic  acid,  and  from  '2  to  *5  grains  of  sulphurous  acid.  In  other  words, 
1  cubic  foot  of  gas  will  destroy  the  entire  ogygen  of  about  8  cubic  feet  of  air. 
One  cubic  foot  of  gas  will  raise  the  temperature  of  31,290  cubic  feet  of  air  1* 
Fahr. 

Oil. — ^A  lamp  with  a  moderately  good  wick,  bums  about  154  grains  of  oil 
per  hour,  consumes  the  oxygen  of  about  3*2  cubic  feet  of  air,  and  produces  a 
little  more  than  ^  a  cubic  foot  of  carbonic  acid ;  1  lb  of  oil  demands  from  140 
to  160  cubic  feet  of  air  for  complete  combustion. 

A  candle  of  6  to  the  fi>  bums  per  hour  about  170  graina 
The  products  of  the  combustion  of  coal  and  wood  pass  into  the  atmosphere 
at  large,  and  usually  are  at  once  largely  diluted.     Diffusion  and  the  ever- 
moving  air  rapidly  purify  the  atmosphere  from  carbonic  acid. 

It  is  not  so,  however,  with  the  suspended  carbon  and  tany  matters,  which 

*  Chemical  News,  March  18G6,  p.  154. 

t  For  a  fuller  list  of  these  substances,  which  do  not  appear  very  iniportuit,  see  Pappenheim's 
Handbnch  der  San.  Pol.  band  iii.  Snpp.  p.  261. 
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are  too  heavy  to  drift  far,  or  to  ascend  higlL  As  a  rule^  the  particles  of  car- 
bon are  not  found  higher  than  600  feet ;  and  the  way  it  accumulates  in  the 
lower  strata  of  the  atmosphere  can  be  seen  by  looking  at  any  lofty  building  in 
London.  The  air  of  London  is  so  loaded  with  carbon,  that  even  when  there 
ifi  no  fog,  particles  can  be  collected  on  Pouchet's  aeroscope  when  only  a  very 
small  quantity  of  air  is  drawn  through. 

It  is  apparently  chiefly  from  combustion,  and  in  some  cases  from  chemical 
workfl)  that  the  air  of  towns  contains  so  much  acid  as  to  make  rain  water  acid. 
In  Manchester,  in  1868,'Angus  Smith  found  the  rains  to  contain  from  5*6 
grains  to  1-4  grain  of  sulphuric  acid  (free  and  combined),  and  from  1*277  to 
-0278  grains  of  hydrochloric  acid  per  gallon.  In  Liverpool  and  Newcastle  air 
the  same  thing  occurs ;  the  sulphuric  acid  is  always  larger  in  amount  than  the 
hydrochloric 

Sulphurous  and  sulphuric  acid  also  appear  to  be  less  rapidly  removed,  as 
Angas  Smith  found  a  perceptible  quantity  in  the  air  of  Manchester ;  and  the 
lain  water  is  often  made  acid  from  this  cause. 

The  products  of  gas  combustion  are  for  the  most  part  allowed  to  escape  into 
rooms,  but  certainly  this  should  not  be  allowed,  when  gas  is  burnt  in  the  large 
quantities  commonly  used.  The  immense  quantity  of  gas  often  used  causes 
great  heat,  humidity  of  the  air,  and  there  is  also  some  sulphurous  acid,  an  ex- 
cess of  carbonic  acid,  and,  probably,  a  little  carbonic  oxide,  to  which  some  of 
the  effects  may  be  due.  Weaver*  found  as  much  as  5*32  volumes  of  carbonic 
add  per  1000  in  the  room  of  a  frEune-work  knitter  in  Leicester,  with  14  gas 
lights  burning.  Li  other  workrooms  the  amounts  were  5 '28,  4*6,  down  to 
2*11  volumes  per  1000.  This  amount  has  a  very  injurious  effect  on  health, 
as  shown  long  ago  by  Dr  Guy.  In  a  workshop  in  Paris,  with  400  men  and 
400  gas-burners,  the  health  of  the  men  was  very  bad.  General  Morin  intro^ 
dnced  good  ventilation,  and  the  nimiber  of  cases  of  illness  was  reduced  one- 
third.  The  appetite  of  the  men,  formerly  very  bad,  greatly  improved. 
According  to  Dr  Zock,t  coal  gas  gives  off  rather  more  carbonic  acid  for  an 
equal  illuminating,  power  than  oil,  but  less  than  petroleum.  Dr  Odling  found 
for  equal  illuminating  power,  that  candles  gave  more  impurity  to  the  air  than 
ga&l    Gas  gives  oat,  however,  more  water. 

In  tobacco  smoke  are  contained  particles  of  nicotine  or  its  salts  (Heubel), 
and  probably  of  picoline  bases.  There  is  also  much  carbonic  acid,  ammonia, 
and  butyric  acid. 

Br  Bipley  Nichols  has  investigated  the  air  in  smoking  cars  on  American 
BaOwmyB,  and  found  the  CO^  to  range  from  0*98  to  3*35  per  1000,  with  a 
mean  of  2*278  :  in  ordinsry  naiMmokiiig  cbzb  the  GO.  varied  from  1*74  to 
3*67,  with  a  mean  of  2*32,  so  that  there  was  not  mucn  difference  as  far  as 
COj  went  As  regards  ammonia,  however,  the  difference  was  greats  for  (taking 
the  external  air  ratio  as  100)  he  found  in  the  smoking  car  ^m  310  to  575, 
whilst  in  the  ordinary  cars  it  was  only  135  to  175.  None  of  the  peculiar 
prodncts  of  the  combustion  of  tobacco  were  found.  (Beprint  from  the  6th 
Aimml  Beport  of  the  Massachusetts  Board  of  Health). 

Air  Vitiated  by  Effluvia  from  Sewage  Matter  and  Air  of  Sewers. 

Air  of  Cesspools. — ^The  air  of  cesspools^  and  especially  of  the  cemented  pits 
which  are  still  common  in  many  continental  towns,  and  which  receive  little 
bejond  the  solid  and  liquid  excreta  and  some  of  the  house  water,  is  generally 
highly  impure.  L^vy  §  refers  to  an  extreme  case,  in  which  the  oxygen  was 
lewened  to  2  per  cent,  the  nitrogen  being  94  and  the  carbonic  acid  4.     In 

*"'  '  ■ ■-    -     -n I  ■     ■  I  iiiw         I  ■!■         -  .     .  I  —I 

!  Jf***»  ^^1 1^2.  +  Zeitsch.  ftlr  BioL  band  iL  p.  117  (1866)4 

%  Hedkml  Times  and  Gaxette,  Jan.  9, 1869.  §  Tndt^^d'Hygiine^  8d  edit  p.  686. 
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this  case  appaiently  fio  other  gased  were  present ;  but  in  most  instances  there 
is  a  variable  amount  of  sulphuretted  hydrogen*,  ammonium  sulphide,  nitrogen, 
carbonic  acid^  and  carburetted  hydrogen,  in  addition  to  foetid  organic  matters. 
These  oiganic  matters  are  in  large  amount  62  feet  of  the  air  of  a  cesspool 
destroyed,  in  Angus  Smith's  experiments,  as  much  potassium  permanganate  as 
176,000  cubic  feet  of  pure  air,  though  perhaps  some  sulphuretted  hydrogen 
may  have  been  also  present  Oesterlenf  states  that  these  gases  will  pass 
easily  through  walls;  and  M.  Hennezel{  has  lately  noticed  f that  in  the 
''  fosses  d'aisances  **  in  Paris,  even  in  those  covered  with  stone  slabs  and  earth, 
the  wind  blowing  down  the  ventilating  tube  will  force  the  gas  through  the 
neighbouring  walls,  and  then  perhaps  into  the  house. 

Tke  Air  of  jSfet(wr«.— In  sewers  the  products  of  decomposition  are  variable, 
as  not  only  solid  and  liquid  excreta  and  house  water,  but  the  washings  and 
debris  of  the  streets,  the  refuse  of  trades,  &c.,  pass  into  the  sewers.  As  a 
Tule,  the  products  of  decomposition  of  the  sewer*water  appear  to  be  much  the 
same  as  noted  above — ^viz.,  foetid  organic  matters,  carbO'^mmoniacal  substances 
Condensing  with  the  water  of  the  air  on  the  cold  walk,  carbonic  acid,  nitrogen, 
light  carburetted  hydrogen,  and  sulphuretted  hydrogen.§  The  proportions  of 
these  gases  are  variable ;  ||  the  most  common  are  carbonic  acid  and  nitrogen ; 
marsh  gas  is  found  when  oxidation  is  impeded,  and  sulphuretted  hydrogen 
and  ammonium  sulphide,  which  form  in  the  sewer-water  in  most  cases,  are 
liberated  from  time  to  time.  The  gases,  however,  are,  as  a  rule,  of  fiar  less 
importance  than  the  foetid  organic  matters,  the  exact  nature  of  which  it  would 
be  most  desirable  to  examine  more  thoroughly. 

The  oiganic  vapour  is  caxbo-ammoniacal ;  the  putrid  substance  in  the  sewer 
water  appears,  from  Odling's  observations,  to  be  allied  to  the  compound 
ammonias ;  it  contains  more  carbon  than  methylamine  (NHj(CH3) ),  and  less 
than  ethylamine  (^^^^{Cfi^) ). 

The  composition  of  sewer  air  will,  of  course,  vary  infinitely  with  the  amount 
of  gases  disengaged  and  the  degree  of  ventilation  in  the  sewer.     The  quantity 

-  «!■  I*  ■  ■■■■  ajfc.aaii      ■■■■■■■i«  ^^.^iMi^aMi^aM       ■    1   ri  I    1 1    .    ^  a 

*  fiarkdr,  On  MaltilA  stA  Mtonntta,  p.  245.  ;t  Oesteiltii,  Hygiene.  1857,  p.  445. 

t  Ann.  d'Hvgiene,  Oct  1868,  p.  178.  i  Oetteiien,  Htadb.  derHyg.,  2d  edition,  p.  446. 

It  Dr  Letheby's  experimeDte,  al  given  in  nis  o^nal  Report,  in  hie  article  in  the  Sacy- 
clopsedia  Britannica  (Sanitary  Science),  &c,  and  in  a  letter  to  0r  Adams  (g^ven  by  Dr  Adams 
in  MS  pamphlet,  The  Sanitary  Aspect  of  the  Sewage  Question,  1808,  p.  84),  are  the  most 
complete  on  this  subject  Taking  the  last  statement  of  his  views  as  representing  his  (rpinioB 
I  gather  that  sewer- water  (containing  128*8  graios  of  oiganic  matter  per  gallon),  excluded  fh>in 
air,  gave  out  during  9  weeks  1*2  cubic  inches  of  ttaa  per  hour,  consisting  per  cent,  of  78*833 
of  marsh  gas,  ]5'8S^  of  carbonic  acid,  10*187  of  nitrogen,  and  6*081  of  snIpLuretted  hydrogen. 
When  atmospheric  air  is  admitted,  I  infer  that  Dr  lietheby  thinks  the  chief  gases  are  carbonic 
acid  and  nitrogen,  with  but  mere  traces  of  sulphuretted  hydrogen.  That  marsh  gas  in  large 
quantities  can  do,  however,  formed,  is  shown  by  Letheby's  observations  on  the  gases  evolved 
iu  the  London  sewers  in  1806  where  carbolic  acid  was  used ;  the  gat  was  ftequently  find  by 
the  candles  of  the  sewer-men,  and  was  (bund  to  contain  88*45  per  oent  of  marsh  ^,  the  for- 
mation of  which  was  favoured,  Letheby  thinks,  by  the  action  of  the  carbolic  acid ;  and  this 
is  probable,  since  Angus  Smith  (Disinfectants  and  Disinfection,  p.  25)  found  the  gss  given  off 
by  the  putrid  sewage  at  the  bottom  of  the  Medlock,  the  water  over  which  was  free  from  oxygen, 
to  contain  almost  the  same  quantity  of  marshfgas— viz.,  88*81  per  cent ;  the  other  gases  be- 
ing carbonic  acid,  5.84 ;  anu  nitrogen,  5*85  per  cent.  The  evolution  of  mnrsh  gas  will  there- 
fore, in  part  at  any  rat&  depend  on  the  amount  of  exposure,  and  on  the  absorption  of  air  by  the 
sewer-water.  Letheby's  experiments  shows  less  sulphuretted  hydrogen  than  might  have  been 
anticipated,  both  from  the  kiTge  amount  of  Bnl|^ides  usually  present  in  sewer-water,  and  the 
amount  of  sulphuretted  hydrogen  proved  to  exist  in  the  air  of  many  sewers.  With  renird  to 
the  quantity  of  gases  disengased,  f  gave,  in  a  former  edition  of  this  work,  the  amount  of  1  to  IJ 
cubic  inch  of  gas  disenffMed  Irom  London  sewage  per  gallon  per  hour  in  the  Hwen,  as  this 
is  my  interpretation  of  Letheby's  account  of  his  experiments,  as  given  in  the  Encydopssdia 
Britannica  (art  Sanitary  Science) ;  but  Dr  Adams,  of  Glasgow,  has  pointed  out  that  Dr 
Letheby's  exnerlments  represent  the  gases  disengaged  in  the  laboratorv— t.e.,  at  a  higher  tem- 
perature. The  amount  of  gas  evolution  in  the  sewen  themselves  has  not  been,  1  believe, 
actually  determined,  and  will  no  donUt  vary  according  to  the  quantity  of  water,  the  tempera' 
ture,  rapidity  of  flow  in  the  sewer,  fr<s. 
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of  oxygen  is  sometimes  in  normal  amount;  it  may,  howeTer,  be  dinmushed 
in  very  badly  constructed  sewers.  Parent-Dach&telet  gave  an  analysis  of  the 
air  of  a  choked  sewer  in  Paris,  which  contained  only  13*79  per  cent  of 
oxygen,*  and  no  less  than  2*99  per  cent  of  sulphuretted  hydrogen.  Exclud- 
ing this  analysis,  the  greatest  impurity  in  the  old  Parisian  sewers,  as  deter- 
mined by  Graultier  de  Claubry,  in  19  analysesf  in  1829,  was  3*4  per  cent  of 
carbonic  acid,  and  1*25  per  cent  of  solphuretted  hydrogen  (in  different 
samples  of  air).  The  lowest  amount  of  oxygen  was  17*4  per  cent  Sul- 
phuretted hydrogen  was  present  in  18  out  of  19  cases;  the  mean  of  the 
whole  19  cases  being  '81  per  cent  The  mean  amount  of  carbonic  acid  in  19 
cases  was  2*3  per  cent  in  the  present  London  sewers  of  good  construction 
ihe  air  is  much  less  impura  Dr  Letheby  found  only  *532  per  cent  of 
carbonic  acid,  a  good  deal  of  ammonia,  and  only  traces  of  sulphuretted  and 
carbuietted  hydrogen.  Dr  Miller's  experiments  in  1867|  gave  a  mean  of  only 
0*106  per  cent  of  carbonic  acid  in  18  analyses,  and  *307  per  cent  in  6  other 
instances,  the  oxygen  being  20*71  per  cent  JN'o  sulphuretted  hydrogen  was 
present  Dr  RusseU  examined  the  air  in  the  sewers  of  Paddington  in 
August ;  the  most  impure  air  contained  20*7  oxygen,  78*79  nitrogen,  and  *51 
volumes  of  carbonic  acid  per  cent ;  there  was  very  little  ammonia,  and  no 
sulphuretted  hydrogen. 

It  is  evident  that,  if  we  take  the  carbonic  acid  and  sulphuretted  hydrogen 
as  indices,  sewer  air  has  no  constant  composition.  It  is  sometimes  abnoet  as 
pure  as  the  outside  air,  while  at  other  times  it  may  be  highly  impure.  But 
these  gases  are  probably  the  least  important  ingredients  of  sewer  air ;  that 
organic  matters  are  present  is  evident  from  the  peculiar  foetid  smell,  and  in 
some  cases  they  are  in  large  amount ;  8000  cubic  feet  of  the  air  of  a  house 
into  which  sewer  air  had  penetrated  destroyed  more  than  20  times  as  much 
potassium  permanganate  as  the  same  quantity  of  pure  air  (Angus  Smith). 
Fungi  grow  rapidly  in  such  air,  and  meat  and  milk  soon  taint  when  exposed 
•to  it  When  the  sewer  air  passes  through  charcoal  these  substances  are 
absorbed ;  they  may  be  partly  oxidised,  as  Dr  Miller  found  some  nitric  acid 
in  the  charcoal,  but  they  also  collect  in  the  charcoal,  and  can  be  recovered  (in 
part  at  any  rate)  from  it  by  distiUation.§ 

We  mnst  also  suppose,  for  facts  leave  us  no  other  explanation,  that  the 
unknown  agencies  which  produce  typhoid  fever  may  also  be  present  and 
there  can  be  little  doubt  that  cholera  ||  may  occasionally  spread  in  the  same 
way.  Thd'  poison  of  yellow  fever  (as  appears  likely  from  the  epidemic 
in  Madrid)  may  also  exist  in  sewer  air.  Whether  small-pox,  scarlet  fever,  &c., 
can  own  a  similar  channel  of  distribution  is  uncertain ;  that  dysentery  and 
diarrhoea  may  also  be  caused  by  exhalations  proceeding  from  a  foul  sewer  we 
cannot  doabt,  but  the  precise  agency  is  here  also  unknown. 

The  experiments  of  Professor  FranklandU  show  that  solid  or  liquid 
matter  is  not  likely  to  be  scattered  into  the  air  from  the  sewage  itself  by  any 
agitation  it  is  likely  to  undergo,  until  gas  begins  to  be  generated  in  it  He 
found  that  no  ordinary  agitation  (even  greater  than  sewer  water  is  likely  to 
meet  with)  would  scatter  particles  of  lithia  solution  into  the  air,  but 
that  the  bursting  of  bubbles  of  carbonic  acid  gas  was  sufficient  to  effect  it 

•  Hygiene  puhl.,  t.  i.  p.  209,  footnote,  and  p.  390. 
t  Pareot-DacMtelet's  Hyg.  ptiblique,  t.  i.  p.  389. 
X  AbstcBct  iD  Chemical  News,  March  1868. 
§  Miller,  Chemical  News,  March  1868. 

I  A  case  in  which  sewers  probably  played  a  part  in  the  di««eniination  of  cholera  is  given  in 
my  Report  on  the  Cholera  in  Southamption  in  1866  to  the  Medical  Officer  of  the  Privy  Council. 
T  Proceedings  of  the  Royal  Societjr.    1877. 
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Hence  he  argues  (with  apparent  trath)  that  sewage  becomes  dangeions  in  this 
way  only  after  the  setting  in  of  decomposition,  so  that  if  we  take  proper  steps 
te  carry  away  sewage  at  once  the  danger  becomes  reduced  te  a  TniTn'mnm. 

Dr  D.  B.  Cunningham  found  large  quantities  of  Bacteria  in  the  air  of  the 
Calcutta  sewers. 

Air  of  Churchyards  and  Vaults, 

The  decomposition  of  bodies  gives  rise  to  a  very  large  amount  of  carbonic 
acid.  It  has  been  calculated  that  when  intramural  burial  was  carried  on  in 
London,  2^  millions  of  cubic  feet  of  COj  were  disengaged  annually  from  the 
52,000  bodies  then  buried.  Ammonia  and  an  offensive  putrid  vapour  are  also 
given  oS,  The  air  of  most  cemeteries  is  richer  in  carbonic  acid  (-7  to  '9  per 
1000,  Eamon  da  Luna),  and  the  organic  matter  is  perceptibly  laige  when 
tested  by  potassiimi  permangana^  In  vaults,  the  air  contains  much  carbonic 
acid,  carbonate  or  sulphide  of  ammonii^n,  nitrogen,  hydrosulphuric  acid,  and 
organic  matter.  Waller  Lewis  found  little  SHj  or  CH ;  or  cyanogen,  or  phos- 
phoretted  hydrogen.     In  his  experiments  the  gas  always  extingiushed  flame. 

Fungi  and  germs  of  infusoria  abound. 

Air  vitiated  by  certain  Trades. 

Hydrochloric  acid  gas,  from  alkali  works. 

Sulphurous  and  sulphuric  acids,  from  copper  works — ^bleaching. 

Sulphuretted  hydrogen,  from  several  chemical  works,  especially  of  ammonia. 

Carbonic  acid,  carbonic  oxide,  and  sulphuretted  hydrogen,  from  brick-flelds 
and  cement-works. 

Carbonic  oxide  (in  addition  to  above  cases),  from  iron  furnaces,  gives  rise 
to  from  22  to  25  per  cent  (Letheby) ;  from  copper  furnaces,  15  to  19  per 
cent  (Letheby). 

Organic  vapours,  from  glue  refiners,  bone-burners,  slaughter-houses, 
hackeries. 

Zinc  fumes  (oxide  of  zinc),  from  brassfounders. 

Arsenical  fumes,  from  copper-smelting. 

Bisulphide  of  carbon,  from  some  india-rubber  works. 

Air  of  Towns, 

The  air  of  towns  may  be  vitiated  by  respiration,  combustion,  effluvia  from 
the  soil,  sewers,  and  trades.  The  movement  of  the  air  tends,  however,  to  con- 
tinually dilute  and  remove  these  impurities,  and  the  heavier  particles  deposit^ 
so  that  the  air  even  of  manufacturing  towns  is  purer  than  might  have  been 
anticipated.  The  amount  of  oxygen  in  atmospheric  air  in  the  purest  air  neur 
the  surface  of  the  earth,  being  taken  as  from  20*9  to  20*99  volumes  per  cent, 
and  the  carbonic  acid  being  from  03  to  '045  per  cent,  with  a  mean  of  04,  it 
would  appear,  from  Angus  Smith's  observations,*  that  in  a  crowded  part  of 
Manchester,  exposed  to  sijioke,  the  amount  of  o:3^ygen  was  from  20-868  to 
20*179  per  cent ;  the  average  of  the  street  air  taken  £rom  the  laboratory  front 
door  was,  in  Manchester,  20*943  \  of  the  air  tal^en  from  a  closet,  a  midden 
behind  the  laboratory,  20*70.  In  the  London  air,  in  the  open  spaces,  the 
oxygen  amounted  to  20*95  3  in  the  crowded  eastern  districts  to  20-857.t  In 
a  foggy  frost,  in  Manchester,  when  the  smoke  was  not  moving  much,  the 
amount  was  20*91.  In  Glasgow  the  average  was  20*9092.  The  vi^riations 
are,  therefore,  within  narrow  limits. 

— - —  --  -       -         

«  Air  and  Bain,  p.  24.  f  A.  Smith,  (up,  ciL,  p.  SO. 
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The  percentage  lessening  of  oxygen  in  atmospheric  air  is  partly  made  up  hy 
an  increase  in  the  carbonic  acid ;  but  if  a  town  is  well  biult^  the  increase  in 
the  carbonic  acid  is  trifling ;  the  mean  amount  of  COj  for  London,  in  Eoscoe's 
experimentSy  was  only  ^037  volumes  per  cent ;  in  Manchester,  in  usual 
weather,  A.  Smith  found  the  amount  <)403  per  cent ;  during  fogs,  -0679 ; 
in  the  air  above  the  middens,  0774  per  cent  It  is  stated  that  there  is  a 
difference  between  close  and  open  spaces  in  towns ;  thus,  in  the  open  spaces 
(parks)  in  London,  the  mean  amount  in  A.  Smith's  experiments  was  *0301 
per  cent ;  in  Newgate  Street  (in  the  City),  it  was  0413 ;  in  Lower  Thames 
Stroet  (City),  0428  per  cent  It  is  not,  however,  stated  whether  the  observa- 
tions were  made  simultaneously.*  In  Glasgow,  the  average  carbonic  acid  was 
O502,  and  in  Perth  04136  per  cent  f  In  foreign  cities  the  amount  is  greater, 
and  surpasses  the  normal  limit  in  air.  In  Madrid,  Eamon  da  Luna  found 
0517  as  a  mean  average,  and  in  some  cases  08  per  cent ;  in  Munich,  the 
amount  is  05  per  cent  These  numbers  seem,  after  all,  insignificant,  but  they 
are  not  really  so,  as  the  aggregate  difference,  if  only  01  per  cent,  is  consider- 
able. In  the  air  of  towns  which  bum  coal  there  are  also,  as  noted,  an  excess 
of  acidity  (sulphuric  and  hydrochloric  acids),  and  various  suspended  matters 
(see  ante)j  which  no  doubt  have  injurious  effects.  { 

The  air  of  most  towns,  in  addition  to  ammonia,  also  contains  a  nitrogenous 
sabetance  which,  when  condensed  in  pure  water,  can  be  made  to  yield 
albuminoid  ammonia,  by  Wanklyn's  method.  In  various  places  in  London, 
A,  Smith§  found  the  amount  to  average  '1509  milligrammes  of  albuminoid 
ammonia  in  1  cubic  metre.  The  greatest  amount  was  in  a  field  two  miles  past 
Qapbam  Junction  (viz,  -27108  milligrammes  per  cubic  metre),  and  the  least 
was  in  Westminster  Abbey  Yard  (08555  milligrammes).  At  the  shore  at 
TnTiftHftTi  (Firth  of  Clyde),  the  amount  was  *1378  milligrammes,  and  the  mean 
in  the  streets  of  Glaf^w  was  *3049  milligrammes  per  cubic  metre.  In  the 
air  of  the  Underground  Eailway,  in  London,  the  amount  was  -3734 
milligrammes.  II  The  mean  of  Mr  Moss's  experiments  in  the  open  air  of  Ports- 
mouth was  rather  lees,  viz.,  0886  miUigrammes  of  albumineid  ammonia  per 
cubic  metre.  This  ammonia  may  be  derived  from  the  living  beings  in  the  air, 
or  from  dead  organic  matter;  and  to  bring  out  the  full  meaning  of  such  re- 
searches, the  chemical  must  be  supplemented  by  a  microscopical  examination. 

Tiieee  observations  prove  how  important  it  is  to  build  towns  in  such  a  way 
as  to  ensure  good  perflation  and  movement  of  air  everywhere,  and  to  provide 
open  spaces  in  all  the  densely-crowded  parts.  The  great  powers  of  nature, 
winds,  and  the  fall  of  rain,  wlQ  then,  for  the  most  pait^  keep  the  atmospheric 
imparities  within  limits  not  injurious  to  health. 

Air  of  Marshes, 

The  air  of  typical  marshes  contains  usually  an  excess  of  carbonic  acid, 
which  amounts,  perhaps,  to  '6  or  -8  or  more  per  1000  volumes.  Watery 
vapour  is  usually  in  lai^  quantity.     Sulphuretted  hydrogen  is  present,  if  the 

■  ■■■■■■■■  ■  ■  II         p.  »M        MM,,!  ■■•■^■1  1.  ■■■■■■  |l  ■  . 

*  In  the  iiei((hboarliood  of  St  Mary's  Hospital,  Paddiogton,  I  found  the  mean  CO,  to  be 
0.056  percent,  in  damp  still  weather^  Jaly  IS75 ;  the  same  locality  in  dry,  hot  weather,  with 
agood  deal  of  movement  of  air,  0'0416per  cent.  (Aug  1876) ;  in  the  neighbourhood  of  University 
CoUege  Hoepital,  damp  weather,  0*0786  per  cent.  In  February  1877.    (F.  de.  C.) 

f  A.  Smith,  Air  ana  Rain,  p.  50,  et  seq,  ^ 

X  There  are  also  nitrous  and  nitric  acids,  due  probably,  to  the  oxidation  of  oiganic  matters. 

§  Air  and  Rain,  p.  487.  I  have  stated  the  results  in  milligrammes  per  cubic  metre,  instead 
ci  grammes  per  million  cubic  metres. 

I  In  the  garden  of  St  Mary's  Hospital.  Paddington,  X  found  0*5280  and  0'5206  mgms.  -ofr 
M.  a  (See  page  105).  In  the  back  yard  of  University-College  Hospital  0-2060  and  0*8675. 
(F.  de  C.) 
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water  of  tlie  maish  contains  sulphates^  which  in  presence  of  organic  loatter, 
are  converted  into  snlphnret^  firom  which  SH^  is  derived  by  the  action  of 
vegetable  acids.  Carburetted  hydrogen  is  also  often  present,  and  occasionally 
free  hydrogen  and  ammonia,  and,  it  is  said,  phosphoretted  hydrogen. ''^ 

Oiganic  matter  also  exists  ia  considerable  quantity.  Discovered  by 
Yauquelin  (1810  and  1811,  in  the  air  collected  over  the  Languedoc  marshes) 
by  De  lisle,  and  again  by  Moscati  (1818,  in  the  air  of  a  Lombardy  rice-field), 
and  examined  more  recently  by  Boussingault  (1829, 1839),  Gigot  (1859),  and 
Becchi  (1861),  the  organic  matter  seems  to  have  much  the  same  character 
always.  It  blackens  sulphuric  acid  when  the  air  is  drawn  through  it ;  gives 
a  reddish  colour  to  nitrate  of  silver ;  has  a  flocculent  appearance,  and  some- 
times a  peculiar  marshy  smell,  and,  heated  with  soda-lime,  affords  evidence  of 
ammonia.  The  amount  in  Becchi's  experiments  was  '00027  grammes  in  a 
cubic  metre  of  air  ( =  -000118  grains  in  1  cubic  foot).  Ozone,  led  through  a 
solution  of  this  organic  matter,  did  not  destroy  it  It  is  said  to  destroy 
quinine.  Besides  this  organic  matter,  various  vegetable  matters  and  animals, 
floating  in  the  air,  are  arrested  when  the  air  of  marshes  is  drawn  through  water, 
or  sulphuric  acid,  and  debris  of  plants,  infusoria,  insects,  and  even,  it  is  said, 
small  Crustacea  are  found ;  the  ascensional  force  given  by  the  evaporation  of 
water,  seems,  indeed,  to  be  sufficient  to  lift  comparatively  large  animals  into 
the  air.  Dr  M.  P.  Balestraf  has  described  spores  and  sporangia  of  a  little 
algoid  plant  in  the  air  of  Bome  and  its  vicinity,  and  the  same  plant  is  found 
abundantly  in  the  water  of  the  marshes  near  Borne.  Balestra  is  .inclined  to 
attribute  marsh  fever  to  this  widely  diffused  "microphyte  granule."  It  has 
been  stated  that  ozone  is  deficient  in  the  air  over  marshes,  but  the  observations 
of  Burdel  ("  Eecherches  sur  les  fi^vres  palud^nnes,"  1858)  do  not  confirm  this. 
He  often  found  as  much  ozone  as  in  other  air.  In  the  air  collected  from  the 
surface  of  lakes,  containing  some  aquatic  plants,  especially  the  Chara,  there  ia 
a  large  proportion  of  oxygen,  and  this  air  gives,  near  the  surface,  the  reaction 
of  ozone  (Clemens),  while  at  some  feet  above  the  reaction  is  lost  This  is 
usually  ascribed  to  the  oxidation  of  oiganic  matter,  which  rises  simultaneously 
from  the  water. 

Air  in  the  Holds  of  Ships, 

The  air  in  the  holds  of  ships  is  compounded  of  exhalations  from  the  wood, 
bilge-water,  and  cargo.  Owing  to  the  comparative  immobility  of  the  air,  it 
often  becomes  extremely  fouL  The  composition  is  not  known,  but  the  smell 
of  sulphuretted  hydrogen  is  very  perceptible,  and  white  paint  is  blackened. 
In  some  cases,  when  the  water-tanks  are  filled  by  condensed  water  from  the 
engines,  which  is  not  well  cooled,  the  hold  may  become  extremely  hot  (100** 
to  120°  Fahr.),  and  decomposition  be  much  increased. 

Air  of  Mines. 

In  the  metalliferous  mines  the  air,  acccording  to  Angus  Smith,  t  is  poor  in 
oxygen  (20*5  per  cent  sometimes),  and  very  rich  in  carbonic  acid  (7  "86  per 
1000  volumes  on  a  mean  of  many  experiments).  It  also  contains  organic 
matter,  giving,  when  burnt,  the  smell  of  burnt  feathers,  in  uncertain  amount. 
These  impurities  arise  from  respiration,  combustion  from  lights,  and  from 
» 

*  Toropoff  (of  St  Petersburg),  considers  malaria  poison  gaseous  ;  after  removing  water, 
oxygen,  and  carbonic  acid,  be  found  marsh  air  still  yielded  84  to  89  per  cent  of  gaaeoufl  matter.; 
whilst  hill  air  gave  only  81. 

+  Coraptes  Rendus,  1870,  No.  8,  July,  p.  236. 


1^  Report  on  Mines,  Blue  Book,  1864. 
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gunpowder  blasting.  This  latter  process  adds  to  the  air,  in  addition  to 
carbonic  acid,  carbonic  oxide,  hydrogen  and  sulphuretted  hydrogen,  various 
solid  particles,  consisting  of  suspended  salts,  which  may  amount  to  as  much  a^ 
3  grains  in  each  cubic  foot  of  air.  These  suspended  substances  are  especially 
sulphate  of  potash,  carbonate  of  potash,  hyposulphite  of  potash,  sulphide  of 
potassium,  sulphocyanide  of  potassium,  nitrate  of  potassium,  carbon,  sulphur, 
and  sesquicarbonate  of  ammonia. 

SECTIOIT  H 

DISEASES  PRODUCED  BY  IMPURITIES  IN  AIR. 

Sub-Section  L — Suspended  Solid  Matters. 

1.  De(zd  Substances, — ^The  effect  which  is  produced  on  the  respiratory  organs 
by  substances  inhaled  into  the  lungs  has  long  been  known.  Eamazzini  and 
several  other  writers  in  the  last  century,  and  Thackrah  about  forty  years  ago 
in  this  country,  directed  special  attention  to  this  point,  and  since  that  time  a 
great  amount  of  evidence  has  accumulated,^  which  shows  that  the  effect  of 
dust  of  different  kinds  in  the  air  is  a  far  more  potent  cause  of  respiratory 
diseases  than  is  usually  admitted.  Affections  of  the  digestive  organs  are  also 
caused,  but  in  a  much  slighter  degree.  The  respiratory  affections  are  fre- 
quently recurring  catarrhs  (either  dry  or  with  expectoration)  and  bronchitis, 
with  subsequent  emphysema,  although  this  sequence  appears  from  the  figures 
given  by  Hirt  to  be  not  quite  so  frequent  as  was  supposed,  perhaps  from  the 
cough  not  being  violent.  Acute  pneumonia,  and  especially  chronic  non- 
tubercular  phthisis,  are  also  produced.  The  suspended  matters  in  the  air 
which  may  produce  these  affections  may  be  mineral,  vegetable,  or  animal ; 
but  it  would  seem  that  the  severity  of  the  effects  is  chiefly  dependent  on  the 
amount  of  dust,  and  on  thb  physiod  conditions  as  to  angularity,  roughness,  or 
smoothness  of  the  particles,  and  not  on  the  nature  of  the  substance,  except  in 
some  special  cases.  A  large  nimiber  of  the  unhealthy  trades  are  chiefly  so 
from  this  cause;  this  is  the  case,  in  fact,  with  miners  of  all  kinds. f  Mr 
Simon  %  states  that,  with  one  exception,  the  300,000  miners  in  England  break 
down  as  a  class  prematurely  from  bronchitis  and  pneumonia  caused  by  the 
atmosphere  in  which  they  liva  The  exception  is  most  important  The 
colliers  of  Durham  and  Northumberland,  where  the  mines  are  well  ventilated, 
do  not  appear  to  suffer  from  an  excess  of  pulmonary  disease,  or  do  so  in  a 
slight  d^rea 

In  different  mines,  also,  the  amount  of  pulmonary  disease  is  different, 
apparently  according  to  the  amoimt  of  ventilation. 

The  following  table  by  the  Eegistrar-General  is  printed  in  the  Report  of 
the  Ck>mnus8ioners  on  Mmes,  Blue-book,  1864  : — 


*  Hie  wbole  subject  has  been  lately  very  carefully  investigated  by  Hirt.  Die  Erankheiten 
der  Arbeiter,  Erste  Tbeil,  Die  Staubinhalations-Krankheiten,  vo-i  Dr  L.  Hirt,  1871. 

f  TfaAkrah  ennmerates  the  following  in  his  work  on  the  Effect  of  Arts,  Trades,  and  Pro- 
fessions on  Health,  1832.  p.  63  : — The  workmen  who  were  affected  injuriously  by  tne  dust  of 
their  trades  40  years  ago  even,  and  the  same  list  will  almost  do  for  the  present  day :  Com- 
millersy  maltsters,  teamen,  coffee-roasters,  snuff-makers,  papermakera,  flock-dressers,  feather- 
dressers,  shoddy-grinders,  weavers  of  coverlets,  weavers  of  harding,  dressers  of  hair,  hatters 
employed  in  the  Sowing  department,  dressers  of  coloured  leather,  workers  in  flax,  dressers  of 
hemp,  some  workers  in  wood,  wire-grinders,  masons,  colliers,  iron  miners,  lead  miners,  grinders 
of  metals,  iUe  cutters,  machine-makers,  makers  of  firearms,  button-makers. 

X  Fourth  Report  of  the  Medical  Officer  of  the  Privv  Council,  1862,  p.  15,  et  seq.  See  also 
Ariidge  in  B.  and  F.  Med.  Chix,  Rev.  July  1864,  for  the  effects  of  the  pottery  trade. 
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Average  Annual  Deaths  per  1000  from  Pulmonary  Disease  during  the 

Years  1860-62  mclusive. 


Ages. 

MeUI  Miners 
in  Cornwall. 

Metal  Miners 
in  Yorkshire. 

Metal  Miners 
in  Wales. 

Males,  exdnalve 

of  Miners, 

in  Yorkshire. 

Between  15  and  25  years, 
25   „    85      „ 
85   „    45      „ 
45    „    55      „ 
„        55    „    65      „ 
65   „    75      „ 

3-77 

4-15 

7-89 

19-75 

43-29 

45-04 

3-40 

e-40 

11-76 
23-18 
41-47 
53-69 

8-02 
4-19 
10-62 
14-71 
85-81 
48-81 

8-97 
6-15 
8-52 
5-21 
7*22 
17-44 

The  enormous  increase  of  lung  diseases  among  the  miners  after  the  age  of 
35,  is  seen  at  a  glance. 

In  the  pottery  trade  all  classes  of  workmen  are  exposed  to  dust,  especially, 
however,  the  flat-pressers.  So  common  is  emphysema  that  it  is  called  "  the 
potters*  asthma." 

So  also  among  the  china  scourers ;  the  light  flint  dust  disengaged  in  great 
quantities  is  a  '^  terrible  irritant."  Dr  Greenhow  states  that  all  sooner  or 
later  become  ''  asthmaticaL" 

The  grinders  of  steel,  especially  of  the  finer  tools,  are  perhaps  the  most 
fatally  attacked  of  all,  though  of  late  years  the  evil  has  been  somewhat 
lessened  by  the  introduction  of  wet-grinding  in  some  cases,  by  the  use  of 
ventilated  wheel-boxes,  and  by  covering  the  work  with  linen  covers  when 
practicable.  The  wearing  of  masks  and  coverings  for  the  mouth  appears  to 
be  inconvenient,  otherwise  there  is  no  doubt  that  a  great  amount  of  the  dust 
might  be  stopped  by  very  simple  contrivances.* 

Button-m£^ers,  especially  the  makers  of  pearl  buttons,  also  suffer  from 
chronic  bronchitis,  which  is  often  attended  with  haemoptysis.  So  also  pin- 
pointers,  some  electro-plate  workmen,  and  many  other  trades  of  the  like  kmd, 
are  more  or  less  similarly  affected. 

In  some  of  the  textUe  manufactures  much  harm  is  done  in  the  same  way. 
In  the  carding  rooms  of  cotton,  and  wool,  and  silk  spinners,  there  is  a  great 
amount  6f  dust  and  flue,  and  the  daily  grinding  of  the  engines  disengages  also 
fine  particles  of  steeL  Since  the  cotton  famine,  a  size  composed  in  part  of 
china  clay  (35*35  grains  of  clay,  in  100  of  sizing  on  an  average),  has  been 
much  used  in  cotton  mills,  and  the  dust  arising  seems  certainly  to  be  produc- 
ing injurious  effects  on  the  lungs  of  the  weaver,  f 

In  flax  factories  a  very  irritating  dust  is  produced  in  the  process  of  hack- 
ling, carding,  line-preparing,  and  tow-spinning.  Of  107  operatives,  whose 
cases  were  l^en  indiscriminately  by  Dr  Greenhow,  no  less  than  79  were 
suffering  from  bronchial  irritation,  and  in  19  of  these  there  had  been 
haemoptysis.  Among  27  hacklers,  23  were  diseased.  |  In  shoddy  factories, 
also,  the  same  thing  occurs.  These  evils  appear  to  be  entirely  and  easily 
preventable.  In  some  kinds  of  glass-making,  also,  the  workmen  suffer  from 
floating  particles  of  sand  and  felspar,  and  sometimes  potash  or  sodarsalts. 

The  makers  of  grinding-stones  suffer  in  the  same  way ;  and  children  work- 
ing in  the  making  of  sand-paper  are  seriously  affected,  sometimes  in  a  very 
short  time,  by  the  inhalation  of  fine  particles  of  sand  into  the  lungs. 


*  See  for  further  particalars  and  mucli  interesting  information  Dr  Hall's  paper  read  at  the 
Social  Science  Congress  in  1865. 

t  G.  Bachanan's  Report  on  certain  Sizing  Processes  used  in  the  Ck>tton  Manufacture  at 
Todmorden.    Ordered  to  he  printed  by  the  House  of  Commons.    May  1872. 

X  Mr  Simon's  Fourth  Report,  p.  19. 
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In  making  Portland  cement,  the  burnt  masses  of  cement  are  ground  down, 
and  then  the  powder  is  shovelled  into  sacks ;  the  workmen  doing  this  cough 
a  great  deal,  and  often  expectorate  little  masses  of  cement  I  have  been  in- 
formed by  some  of  them  that  if  they  had  to  do  the  same  work  every  day,  it 
would  be  impossible  to  continue  it  on  accoimt  of  the  lung  ciffection. 

The  makers  of  matches,  who  are  exposed  to  the  fumes  of  phosphorus,  suffer 
from  necrosis  of  the  jaw,  if  there  happens  to  be  any  exposed  part  on  which 
the  fumes  can  act 

In  making  bichromate  of  potash,  the  heat  and  vapour  employed  carry  up 
fine  particles,  which  lodge  in  the  nose  and  cause  great  irritation,  and  finally 
ulceration,  and  destruction  of  both  mucous  membrane  and  bone.  Those  who 
take  snuff  escape  this.  The  mouth  is  not  affected,  as  the  fluids  dissolve  and 
get  rid  of  the  aalt  The  skin  is  also  irritated  if  the  salt  is  rubbed  on  it,  and 
fistulous  sores  are  apt  to  be  produced.  Ko  effect  is  noticed  to  be  produced  on 
the  lungs.*     Waslnng  the  skin  with  subacetate  of  lead  is  the  best  treatment 

In  the  process  of  sulphuring  vines  the  eyes  often  suffer,  and  sometimes 
(especially  when  lime  is  used  with  the  sulphur)  decided  bronchitlB  is  produced. 

In  some  trades,  or  under  special  circumstances,  the  fumes  of  metsds,  or  par- 
ticles of  metallic  compounds,  pass  into  the  air.  Erassfounders  suffer  from 
bronchitis  and  asthma,  as  in  other  trades  in  which  dust  is  inhaled ;  but  in 
addition,  they  also  suffer  from  the  disease  described  by  Thackrah  as  '^  brass 
ague,"  and  by  Dr  Greenhow  as  "  brassfounders'  agua"  It  appears  to  be  pro- 
duced by  the  inhalation  of  fumes  of  oxide  of  zinc ;  f  the  symptoms  are  tight- 
ness and  oppression  of  the  chest,  with  indefinite  nervous  sensations,  followed 
by  shivering,  an  indistinct  hot  stage,  and  profuse  sweating.  These  attacks 
are  not  periodical 

Coppersmiths  are  affected  somewhat  in  the  same  way,  by  the  fumes  arising 
from  the  partly  volatilised  metal,  or  from  the  spelter. (solder). 

Tinplate  workers  also  suffer  occasionally  from  the  fumes  of  the  soldering. 

Plumbers  inhale  the  volatilised  oxide  of  lead  which  rises  during  the  process 
of  casting.  Nausea  and  tightness  of  the  chest  are  the  first  symptoms,  and 
then  colic  and  palsy. 

Manufacturers  of  white  lead  inhale  the  dust  chiefly  from  the  white  beds 
and  the  packing. 

House  painters  also  inhale  the  dust  of  white  lead  to  a  certain  extent,  though 
in  these,  as  in  former  cases,  much  lead  is  swallowed  from  want  of  cleanliness 
of  the  huands  in  taking  food. 

Workers  in  tobacco  factories  also  suffer  in  some  cases,  and  there  are  persons 
who  can  never  get  accustomed  to  the  work ;  yet  with  proper  care  and  ventila- 
tion it  appears^  that  no  bad  effects  ordinarily  result 

Workers  in  mercury,  sUverers  of  mirrors,  and  water  gilders  (men  who  coat 
aHver  with  an  amalgam  of  mercury  and  gold),  are  subject  to  mercurialismus. 

Workmen  who  use  arsenical  compounds,  either  in  the  making  of  wall  papers 
or  of  artificial  flowers,  &c.,  suffer  from  slight  symptoms  of  arsenical  poisoning, 
and  many  persons  who  have  inhaled  the  dust  of  rooms  papered  with  arsenical 
papers  have  suffered  from  both  local  and  constitutional  effects, — the  local  being 
smarting  of  the  gums,  eyes,  nose,  oedema  of  the  eyelids,  and  httle  ulcers  on  the 
exposed  parts  of  the  body ;  the  constitutional  being  weakness,  fainting,  asthma, 

*  GhevalUer,  Ann.  d'Hygitoe,  July  1863,  p.  83. 

t  Some  donbt  has  been  expressed  as  to  those  symptoms  being  produced  by  pwre  zinc  fames  ; 
see  Hirt  (op.  eil.)  who  says  taat  men  employed  in  making  zinc  liouses,  where  they  inhale  pure 
vac  fiim«s  without  copper,  never  suffer  from  brassfounder's  asue.  On  the  other  hand  he 
describes  very  snphically  the  effect  of  Iho  metallic  fumes  (copper  T)  on  himself.  The  workmen 
think  that  dnnking  large  quantities  of  milk  lessens  the  seventy  of  the  attacks. 
.  I  Hirt,  op.  cU.  p.  162-163. 
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anorexia,  thirst,  diarrhoea,  and  sometimes  even  severe  nervous  symptoms. 
Arsenic  has  been  detected  in  the  urine  of  such  persons. 

A.  Manouvriez*  gives  an  account  of  the  diseases  among  workmen  in  France 
employed  in  making  patent  fuel,  a  mixture  of  coal-dust  and  pitcL  He  says 
that  they  suffer  from  melanodermy,  cutaneous  eruptions,  and  epithelial  cancers, 
affections  of  the  eyes,  ears,  and  nose;  bronchitis  with  pulmonary  pseudo- 
melanosis ;  and  gastro-entero-hepatic  disorders.  Hirt  also  mentions  some  of 
the  diseases  produced  among  workmen  by  the  various  tar-products. 

2.  Living  Substances,  as  Infusoria,  Fungi,  Algcs,  or  their  germs,  or  Pollen 
or  Effluvia  of  Flowers, — ^That  summer  catarrh  or  hay-fever  is  produced  in  many 
persons  by  the  pollen  from  grasses  (especially  Anthoxanthum  odoraium),  trees 
or  flowers,  is  now  generally  admitted.  The  researches  of  Dr  Blackley,t  of 
Manchester  (himself  a  sufferer),  have  placed  the  matter  beyond  a  doubi  In 
his  case,  at  least,  it  was  pollen  that  produced  the  disease,  and  not  the  effluvia 
merely.  Coumarin  had  no  effect  Grass-pollen  (which  constitutes  95  per 
cent  of  the  pollen  floating  in  the  atmosphere)  and  the  pollen  from  pine-trees 
were  the  most  powerful  in  effect  Curiously  enough  the  pollen  of  poisonous 
plants,  such  as  the  Solaneacese,  was  often  comparatively  innocuous.  It  is  also 
known  that  the  spores  of  certain  fungi  in  falling  on  a  proper  soil  may  cause 
disease  of  the  skin  in  men,  and  that  tinea  and  f  avus  are  thus  sometimes  spread 
seems  certain.  The  attempt,  however,  to  connect  the  spread  of  the  specific 
diseases  with  fungi  or  algSB  has  not  yet  been  successful,  in  spite  of  the  careful 
researches  of  several  authors,  j:  Dr  Salisbury  of  Ohio  has  attemped  to  trace 
ague  to  a  Falmella ;  others  have  ascribed  it  to  the  OscUlarineae  generally ;  and 
Dr  Balestra  believes  that  a  special  alga  is  the  efficient  cause. 

Dr  Salisbury  has  also  affirmed  that  the  prevalence  of  measles  in  the  Federal 
army  arose  from  fungi  from  mouldy  straw.  He  inoculated  himself,  his  wife, 
and  forty  other  persons  with  the  fungi,  and  produced  a  disease  like  measles 
in  from  24  to  96  hours.  It  is  stated  also  that  this  disease  was  protective 
against  measles.  Dr  Woodward  (United  States  Army)  has  repeated  Dp 
Salisbury's  experiments,  and  does  not  confirm  them.§ 

Professor  Hallier  of  Jena  has  to  some  extent  adopted  the  view  that  fungi 
give  rise  to  some  of  the  specific  diseases,  and  that  the  spores  float  in  the  air, 
and  are  thus  communicated,  but  the  proofs  are  not  satisfactory.il 

Dr  D.  D.  Cunningham  says  that  he  was  unable  to  connect  any  disease,  in 
Calcutta,  with  the  occurrence  of  bacteria  or  other  bodies  in  the  air,  either  as 
regards  variation  in  kind  or  in  quantity. 

Blackley  found  that  Chaetonium  elatum  (bristle  mould)  produced  nausea, 
fainting,  and  giddiness,  and  the  spores  of  penicOlium  (inhaled)  brought  on 
hoarseness,  going  on  to  complete  aphonia ;  the  condition  lasted  two  days,  and 
ended  in  a  sharpish  attack  of  catarrh. 

3.  The  Contagia, — Under  this  head  it  will  be  convenient  to  include  the 
unknown  causes  of  the  specific  diseases.  That  these  in  some  cases  (scarlet 
fever,  small-pox,  measles,  typhus,  enteric  fever,  plague,  pertussis,  yellow  fever, 
influenza,  &c.,)  reach  the  person  through  the  medium  of  air  (as  well  as  in 
some  cases  through  water  or  food)  cannot  be  doubted.     Some  of  these  contagia 

♦  Annalea  d'Hygi^ne,  March,  1876. 

+  Op.cit. 

X  I  refer  especially  to  Adam  Neale,  Cowdell,  Mitchell,  Holland,  and  others. 

§  Camp  Diseases  in  the  U.S.  Army,  p.  278.  The  fungus  is  a  Penicillium.  Dr  Wood  (Pro- 
fessor of  Botany  in  the  University  of  Philadelphia)  has  advanced  (Amer.  Jour,  of  Med.  ScL 
1S68)  some  extremely  strong  botanical  aiguments  against  the  view  that  malarial  diseases  can 
be  owing  to  Falmella. 

il  Many  papers  on  this  subject  by  Hallier  and  others  are  contained  in  Hallier's  Zeitschiift 
fiir  ParasitenKunde. 
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have  in  some  way  a  power  of  growth  and  multiplication  in  the  body  of  a 
susceptible  Rniniftl,  but  whether  they  can  find  nourishment^  and  thus  grow  in 
the  air,  is  yet  doubtful  lb  seems  dear,  however,  that  they  can  retain  the 
powers  of  growth  for  some  time,  as  the  smallpox  and  scarlet  fever  poisons 
may  infect  the  air  of  a  room  for  weeks,  and  cattle  plague  and  enteric  fever 
poisons  will  last  for  months,''^  and  in  this  they  resemble  the  Protococci  and 
other  low  powers  of  life,  which  can  be  dried  for  years,  and  yet  retain  vitality. 

The  exact  condition  of  the  agency  is  unknown ;  whether  it  is  in  the  form 
of  impalpable  particles,  or  moist  or  dried  epithelium  and  pus  cells,  is  a  point 
for  future  in:][uiry ;  and  whether  it  is  always  contained  in  the  substances  dis- 
chaiged  or  thrown  off  from  the  body  (as  is  certainly  the  case  in  smallpox),  or 
is  produced  by  putrefactive  changes  in  those  discharges,  as  is  supposed  to  be 
the  case  in  cholera  and  dysentery,  is  also  a  matter  of  doubt  Bakewellf  has 
collected  dust  deposited  at  a  height  of  7  or  8  feet  in  smaUpox  wards,  which 
contained  the  minute  scabs  with  the  epidermic  scales  and  variolous  corpuscles 
which  are  thrown  off  from  the  skin  in  smallpox.  The  modem  expositors  of 
the  old  doctrine  of  fomites  would  consider  these  organic  matters  to  be  incon- 
ceivably minute  particles  of  living,  or  to  use  Dr  Beale's  phrase,  bioplastic 
matter,  which  is  capable,  he  believes,  of  wonderfully  rapid  growth  under 
proper  conditions.  {  From  the  way  in  which,  in  many  cases,  organic  sub- 
stances in  the  air  are  absorbed  by  hygroscopic  bodies,  it  would  appear  that  it 
is  often  combined  with,  or  is  at  any  rate  condensed  with,  the  water  of  the 
atmosphere. 

The  specific  poisons  manifestly  differ  in  the  ease  with  which  they  are 
oxidised  and  destroyed.  The  poison  of  typhus  exanthematicus  is  very  readily 
got  rid  of  by  free  ventilation^  by  means  of  which  it  must  be  at  once  diluted 
and  oxidised,  so  that  a  few  feet  give,  under  such  circumstances,  sufficient  pro- 
tection. This  is  the  case  also  with  the  poison  of  oriental  plague,  while,  on 
the  other  hand,  the  poisons  of  smallpox  and  scarlet  fever  will  spr^sd  in  spite 
of  very  free  ventilation,  and  retain  their  power  of  causing  the  same  disease 
for  a  long  time.  Is  it  that  in  one  case  the  poison  is  a  mere  cloud  of 
molecules ;  that  in  the  other  it  is  contained  in  epithelium  and  pus  cells, 
thrown  off  from  the  skin  in  both  cases,  and  from  the  throat  also  in  one ;  and 
which  adhering  to  walls,  clothes,  &c.,  partially  dry,  can  be  rendered  again 
active  by  warmth  and  moisture)  In  the  case  of  malaria,  the  process  of 
oxidation  must  be  slow,  since  the  poison  can  certainly  be  carried  for  many 
hundred  yards ;  even  sometimes  for  more  than  a  mile  in  an  upward  direction 
(up  a  ravine  for  instance),  or  horizontally,  if  it  does  not  pass  over  the  surface 
of  watec  The  poison  of  cholera  also,  it  is  supposed,  can  be  blown  by  the 
winds  for  some  distance ;  but  the  most  recent  observations  on  its  mode  of 
spread  lead  to  the  conclusion  that  the  portability  of  the  poison  in  this  way 
has  been  greatiy  overrated. 

But  the  specific  poisons  are  not  the  only  suspended  substances  which  thus 
float  through  the  atmosphere. 

There  can  be  no  doubt  that  while  purulent  and  granular  ophthalmia  most 
frequently  spread  by  direct  transference  of  the  pus  or  epithelium  cells,  by 
means  of  towels,  &c,  and  that  erysipelas  and  hospital  gangrene,  in  surgical 
wards,  are  often  carried  in  a  similar  way,  by  dirty  sponges  and  dressings, 

*  The  long  retention  of  power  by  the  enteric  fever  poison  is  shown  by  a  case  related  to  me 
by  Dr  Becber  (Army  Med.  Department  Report,  toI.  10.  p.  287).  The  typhoid  poison  appears 
to  have  adhered  to  the  walls  and  ceiling,  and  to  have  retained  its  power  to  excite  disease  in 
aaotiber  person  for  a  month ;  it  was  not  destroyed  by  the  heat  of  a  very  hot  Indian  station 
(Gwalior,)  in  Febmary. 

t  Med.  Times  and  Gazette,  Dec.  7, 1872. 

X  See  chapter  on  Disinfection  for  a  Ailler  notice  of  these  points. 
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anotlier  mode  of  transfeience  is  by  the  passage  into  the  atmosphere  of  disin- 
tegrating pus  cells  and  putrifying  organic  particles,  and  hence  the  great 
effect  of  free  ventilation  in  military  ophthalmia  (Stromeyer),  and  in  erysipelas* 
and  hospital  gangrene.  In  both  these  diseases,  great  evaporation  from  the 
walls  or  floor  seems  in  some  way  to  aid  the  diffusion,  either  by  giving  a  great 
degree  of  humidity,  or  in  some  other  way.  The  practice  of  fipequently  wash- 
ing the  floors  of  hospitals  is  well  known  to  increase  the  chance  of  erysipelas. 
It  is  a  question  even  whether  we  shall  not  be  obliged  to  extend  this  view, 
and  to  believe  that  every  pus  or  epithelium  ceU,  or  even  formless  organic  sub- 
stance, floating  in  the  air,  may,  if  it  find  a  proper  place  or  nidus  in  or  on 
which  it  can  be  received,  communicate  to  its  own  action,  and  thus  act  as  a  true 
contagium. 

Sub-Sbotion  n. — Gasbous  Mattkbs. 

(a)  Carbonic  Acid, — The  normal  quantity  of  carbonic  acid  being  '4  volumes 
per  1000,  it  produces  fatal  results  when  the  amount  reaches  from  50  to  100 
per  1000  volumes ;  and  at  an  amount  much  below  this,  15  to  20  per  1000,  it 
produces,  in  some  persons  at  any  rate,  severe  headache.  Other  persons  can 
inhale,  for  a  brief  period,  considerable  quantities  of  carbonic  acid  without 
injury  ;t  and  animals  can  be  kept  for  a  long  time  in  an  atmosphere  highly 
charged  with  it,  provided  the  amount  of  oxygen  be  also  increased.  In  the 
air  of  respiration,  headache  and  vertigo  are  produced  when  the  amount  of  car- 
bonic acid  is  not  more  than  1'5  to  3  volumes  per  1000;  but  then  organic 
matters,  and  possibly  other  gases,  are  present  in  the  air,  and  the  amount  of 
oxygen  is  also  lessened.  Well-sinkers,  when  not  actually  disabled  from  con- 
tinuing their  work  by  carbonic  acid,  are  often  affected  by  headache,  sickness, 
and  loss  of  appetite;  but  the  amount  of  carbonic  acid  has  never  been 
determined. 

The  effect  of  constantly  breathing  an  atmosphere  containing  an  excess  of 
carbonic  acid  (up  to  1  or  1*5  per  1000  volumes)  is  not  yet  perfectly  known. 
Dr  Angus  Smith  J  has  attempted  to  determine  the  effect  of  carbonic  acid  per  «e, 
the  influence  of  the  organic  matter  of  respiration  being  eliminated.  He  found 
that  30  volumes  per  1000  caused  great  feebleness  of  the  circulation,  with  usual 
slowness  of  the  heart's  action ;  the  respirations  were,  on  the  contrary,  quickened, 
but  were  sometimes  gasping.  These  effects  lessened  when  the  amount  of  car- 
bonic acid  was  smaller,  but  were  perceptible  when  the  amoimt  was  as  low  as 
1  volume  per  1000 — an  amount  often  exceeded  in  dwelling-houses.  At  the 
same  time,  this  is  not  the  case  always,  for  in  the  air  of  a  soda-water  manu- 
factory, where  the  carbonic  acid  was  2  per  1000,  Smith  found  no  discomfort 
to  be  produced-  The  effects  noticed  by  Smith  have  not  been  observed  in  ex- 
periments on  animals  (by  Demarquay,  W.  Miiller,  and  Eulenberg),§  nor  in 
other  cases  in  men,  as  in  the  bath  at  Oeynhausen,  where  no  effect  is  produced 
by  the  air  of  the  room  in  which  the  bathers  remain  for  30  to  60  minutes,  although 
it  contains  a  large  percentage  of  carbonic  acid.  It  has  been  supposed  that  lung 
diseases,  especially  phthisis,  are  produced  by  carbonic  acid ;  but  as  this  opinion 
has  been  drawn  merely  from  the  effects  of  the  air  of  respiration,  which  is 
otherwise  vitiated,  it  cannot  be  considered  to  stand  on  any  sure  basia  Hirt 
finds  no  symptoms  of  chronic  poisoning  by  COg,  even  in  trades  where  acute 
poisoning  occasionally  occurs.  || 

*  See  my  Reports  on  St  Mary's  Hospital,  loc.  cit.    (F.  de  C.) 

■f-  It  is  stated  that  Sir  R.  Christison  has  employed  air  containing  20  }>6r  cent,  of  carbonic  acid 
as  an  anaesthetic.    (Taylor's  Jurisprudence,  1865,  p.  713.) 
X  Air  and  Rain,  p.  209,  et  seq.  6  Quoted  by  Roth  and  Lex.,  op,  cit,  p.  176. 

Ij  Die  Krankheiten  der  Arbeiter,  Erste  Abtheilung,  2*«  Theil,  1873. 
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The  presence  of  a  laige  amount  of  carbonic  acid  in  the  air  may  lessen  the 
elimination  of  carbonic  acid  from  the  lungs,  and  thus  retain  the  gas  in  the 
blood,  and  in  time  possibly  produce  serious  alterations  in  nutrition. 

(b)  Carbonic  Oxide. — Of  the  immense  effect  of  carbonic  oxide,  there  is  no 
doubt  Less  than  one-half  per  cent,  has  produced  poisonous  symptoms,  and 
more  than  one  per  cent  is  rapidly  fatal  to  animala  It  appears  from  Bernard's, 
and  from  Lothar  Meyer's  observations,*  that  the  carbonic  oxide,  volume  for 
volume,  completely  replaces  the  oxygen  in  the  blood,  and  cannot  be  again  dis- 
placed by  oxygen,  so  that  the  person  dies  asphyxiated ;  but  Pokrowsky  has 
shownf  that  the  carbonic  oxide  may  gradually  be  converted  into  carbonic  acid, 
and  be  in  that  way  got  rid  ol  It  seems,  in  facty  as  Hoppe-Seyler  conjectured, 
to  completely  paralyse,  so  to  speak,  the  red  particles^  so  that  they  cannot  any 
longer  be  the  carriers  of  oxygen.  The  observations  of  Dr  Kleberg  show  that, 
in  addition  to  loss  of  consciousness  and  destruction  of  reflex  action,  the  car- 
bonic oxide  causes  complete  atony  of  the  vessels,  diminution  of  the  vascular 
pressure,  and  slowness  of  circulation,  and  finally,  paralysis  of  the  heart  A 
very  rapid  parenchymatous  degeneration  takes  place  in  the  heart  and  muscles 
generally,  and  in  the  liver,  spleen,  and  kidneys.  Hirt  §  says  that  at  high 
temperatures  (25'*  -  32*  cent  =  77°  -  90°  Fahr.)  carbonic  oxide  produces  con- 
vulsions, but  not  at  low  temperatures  (8*  -  12*  cent  =  46**  -  53*  Fahr.). 

(c)  Sulphuretted  Hydrogen. — The  evidence  with  regard  to  sulphuretted 
hydrogen  is  contradictory.  While  dogs  and  horses  are  affected  by  compar- 
atively small  quantities  (1*25  and  4  volumes  per  1000  volumes  of  air),  and 
suffer  from  purging  and  rapid  prostration,  men  can  breathe  a  laiger  quantity. 
Parent-Duch&tdet  inhaled  an  atmosphere  containing  29  volumes  per  1000  for 
some  short  tima|| 

When  inhaled  in  smaller  quantities,  and  more  continuously,  it  has  appeared 
in  some  cases  harmless,  in  others  hurtfuL  Thackrah,  in  his  inquiries,  could 
trace  no  bad  effect  It  is  said  that  in  the  Bonnington  chemical-works,  where 
the  ammoniacal  liquor  from  the  Edinburgh  gas-works  is  converted  into  sulphate 
and  chloride  of  ammonium,  the  workmen  are  exposed  to  the  fumes  of  hydro- 
sulphate  of  ammonia,  and  of  hydrosulphunc  acid,  to  such  an  extent  that  coins 
are  blackened ;  yet  no  special  malady  is  known  to  result  The  same  observsr 
tions  have  been  made  at  the  Britannia  metal-works,  where  a  superficial  deposit 
of  sulphuret  is  decomposed  with  acids. 

HirtH  has  no  doubt  of  the  occiirrence  of  chronic  poison  among  men  who  work 
among  large  quantities  of  the  gas.  The  symptoms  are  chiefly  weakness, 
depression,  perfect  anorexia,  slow  pulse,  furred  tongue,  mucous  membrane  of 
the  mouth  pale,  as  is  also  the  face.  Sometimes  there  is  furunculoid  erup- 
tion in  different  parts  of  the  body.  In  some  cases  there  are  vertigo,  headache, 
nausea,  diarrhoea,  emaciation,  and  head  symptoms,  "  like  a  case  of  very  slow- 
running  typhus."  He  notices  differences  of  susceptibility,  which  is  also 
sometimes  increased  with  custom. 

So  large  a  quantity  of  SH,  is  given  out  from  some  of  the  salt  marshes  at 
Singapore,  that  slips  of  paper  moistened  in  acetate  of  lead  are  blackened  in 
the  open  air,  yet,  not  only  is  no  bad  effect  found  to  ensue,  but  Dr  Little  has 

*  De  Sanguine  Oxydo  Carbonico  Infecto,  1858.  Reviewed  in  Virchow's  Archiv,  band  xv. 
p.  309.    See  also  Letheby,  Chemical  News,  April  1862. 

t  Viiv^ow*s  Archiv,  band  zxx.  p.  625  (1864). 

t  Ibid,  band  xxxii.  p.  450  (1865). 

%Op.cU. 

i|  (m  dogi,  Herbert  Barker  found  a  larger  quantity  necessary  than  that  stated  above  :  viz. 
4-29  per  iSoO  is  rapidly  fatal ;  2-06  per  1000  may  be  fatal ;  but  '5  per  1000  may  produce  serious 
symptoms. 

^Op.cii. 
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even  conjectnred  (on  veiy  disputable  grounds,  howeyer,)  that  the  SHj  may 
neutralise  the  marsh  miasma. 

On  the  other  hand,  some  of  the  worst  marshes  in  Italy  are  these  in  which 
SHj  exists  in  large  quantity  in  the  air,  and,  in  direct  opposition  to  little,  it 
has  been  supposed  that  the  highly  poisonous  action  of  the  marsh  gas  is  partly 
owing  to  the  sulphuretted  hydrogen.  Again,  in  the  maVing  of  the  Thames 
Tunnel,  the  men  were  exposed  to  SHo,  which  was  formed  from  the  decom- 
position of  iron  pyrites ;  after  a  time  they  became  feeble,  lost  their  appetites, 
and  finally  passed  into  a  state  of  great  prostration  and  ansemia.  Nor,  as  far 
as  is  known,  was  there  anything  to  account  for  this  except  the ,  presence  of 
sulphuretted  hydrogen.* 

Dr  Josephson  and  Eawitzf  haye  also  inyestigated  in  mines  effects  produced 
apparently  by  sulphuretted  hydrogen ;  two  forms  of  disease  are  produced — 
pure  narcotic,  and  conyulsiye  and  tetanic  symptoms.  In  the  first  case,  the 
men  became  pale,  the  extremitiee  got  cold.  There  was  headache,  yertigo,  a 
small  weak  pulse,  sweating,  and  great  loss  of  strength.  On  this,  spasms  and 
tremblings  sometimes  followed,  and  eyen  tetanus.  These  symptoms  were 
acute,  and  not,  as  in  the  Thames  Tuimel  case  chronic.  When  these  attacks 
occurred,  the  temperature  was  high  and  the  air  stagnant 

The  obyersations  of  Clemens,  also,  on  the  deyelopment  of  boils  from  the 
passage  of  SH^  into  the  drinking  water  from  the  air,  if  not  convincing,  cannot 
be  oyerlooked.     (See  page  55.  {) 

The  symptoms  {Mxxiuced  by  ammonium  sulphide  in  dogs  are  said,  by 
Herbert  Barker,§  to  differ  from  those  of  SH,.  There  is  yomiting  without 
purging,  quickened  pulse,  and  heat  of  skin,  followed  by  coldness  and  rapid 
sinking.  When  sulphuretted  hydrogen  and  ammonium  sulphide,  dissolved  in 
water,  are  injected  into  the  blood,  |  they,  and  especially  SH^,  produce  the 
same  symptoms  as  the  injection  of  non-corpuscular  putrid  fluids,  viz.,  profuse 
diarrhoeal  evacuations,  with  sometimes  marked  choleraic  symptoms  and 
decided  lowering  of  the  temperature  of  the  body,  congestions  of  the  lungs, 
liver,  spleen,  and  kidneys,  irritation  of  the  spine,  and  opisthotonos.  But,  in 
this  case,  a  much  larger  quantity  will  be  introduced  than  by  inhalation 
through  the  lungs. 

{d)  Carburetted  Hydrogen, — ^A  large  quantity  of  carburetted  hydrogen  can 
be  breathed  for  a  short  time ;  as  much,  perhaps,  as  200  to  300  yolumes  per 
1000.  Above  this  amount  it  produces  symptoms  of  poisoning,  headache, 
yomiting,  convulsions,  stertor,  dilated  pupil,  &c. 

Breathed  in  small  quantities,  as  it  constantly  is  by  some  miners,  it  has  not 
been  shown  to  produce  any  bad  effects ;  but  there,  as  in  so  many  other  caaes, 
it  is  to  be  wished  that  a  move  careful  examination  of  the  point  were  made. 
Without  producing  any  marked  disease,  it  may  yet  act  injuriously  on  the 
health.     Hirt  says  that  cases  of  chronic  poisoning  are  not  uncommon. 

(e)  Ammoniacal  Vapours, — ^An  irritating  effect  on  the  conjunctiva  seems 
to  be  the  most  marked  effect  of  the  presence  of  these  vapours.  I  am  not 
aware  of  any  evidence  showing  any  other  effect  on  the  healtiL  (See  Schloes- 
ing,  Comptes  Eendus,  1875,  vols.  L  and  IL) 

(/)  Stdphurotis  Acid  Gas, — The  bleachers  in  cotton  and  worsted  manu- 
factories, and  storers  of  woollen  articles,  are  exposed  to  this  gas,  the  amount 

*  TftTlon's.Med.  Jnrisp.  1885,  p.  727. 

t  Schmidt's  Jahr.  band  ex.  p.  S84,  and  band  oxvii.  p.  86. 

i  I  notice,  in  the  account  of  the  new  Laboratory  at  Leipzig,  that  Kolbe  has  made  a  special 
arrangrement  for  the  supply  of  SH^  fh>m  gasometers,  as  the  custom  of  each  man  makine  the  gas 
himself  evolves  so  mucn  that  the  health  of  aU  who  are  working  in  the  room  suffers.  (Das  Neue 
Chem.  Lab.  von  Univ.  Leipzig,  p.  20.) 

§  On  Malaria  and  Miasmata,  p.  212.  U  Weber,  Syd.  Soc  Year-Book  for  1874,  p.  227. 
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of  which  in  the  atmosphere  is,  however,  nnknowB.  The  men  suffer  from 
bronchitis,  and  are  frequently  ssdlow  and  anaemic.* 

When  sulphurous  acid  is  evolved  in  the  open  air,  and  therefore  at  once 
largely  diluted,  as  in  copper  smelting,  it  does  not  appear  to  produce  any  bad 
effects  in  men,  though  ^m  being  washed  down  with  rain,  it  affects  herbage, 
and,  through  the  herbage,  cattle,  causing  affections  of  the  bones,  falling  off  of 
the  hair,  and  emaciation. 

{g)  HydroMoric  Add  Vapours  in  large  quantities  are  very  irritating  to 
the  longs ;  when  poured  out  into  the  air,  as  was  formerly  the  case  in  the 
alkali  manu&ustures,  they  are  so  diluted  as  apparently  to  produce  no  effect  on 
men,  but  they  completely  destroy  vegetation.  In  some  processes  for  making 
steel,  hydrochloric,  sulphurous  and  nitrous  acids,  and  chlorine  are  all  given 
out,  and  cause  bronchitis,  pneumonia,  and  destruction  of  lung  tissue,  as  well 

as  eye  diseases,  t 
(A)  Carbon    Bistdphide. — In  certain  processes  in    the  manufacture  of 

Tulcanised  india-rubber  a  noxious  gas  is  given  off,  supposed  to  be  the  vapour  of 

carbon  bisulphide.     It  produces  headache,  giddiness,  pains  in  the  limbs, 

formication,  sleeplessness,  nervous  depression,  and  complete  loss  of  appetite. 

Sometimes  there  is  deafness,  dyspnoea,  cough,  febrile  attacks,  and  sometimes 

even  amaurosiB  and  paraplegia  (Delpech).     llie  effects  seem  due  to  a  direct 

anaesthetic  effect  on  tiiie  nervous  tissue. 

SuB^iOTiON  DX — ^Effect  of  Aib  Imfubb  from  several  Substances 

ALWAYS  Co-£xi8TINO. 

The  examination  of  the  effects  of  individual  gases,  however  important,  can 
neyer  teach  us  the  results  which  may  be  produced  by  breathing  air  rendered 
foul  by  a  mixture  of  impurities.  The  composite  effect  may  possibly  be  very 
different  from  what  would  have  been  anticipated  from  a  knowledge  of  the 
action  of  the  isolated  substances. 

(a)  Air  rendered  Impure  by  RespimHon  (see  page  102).  The  effect  of  the 
f(Btid  air  containing  organic  matter,  excess  of  water  and  carbonic  acid,  pro- 
duced by  respiration,  is  very  marked  upon  many  people ;  heaviness,  headache, 
inertness,  and  in  some  cases  nausea,  are  produced.  From  experiments  on 
animalB  in  which  the  carbonic  acid  and  watery  vapour  were  removed,  and 
oiganic  matter  alone  left,  Cravarret  and  Hammond  have  found  that  the  organic 
matter  is  highly  poisonous.  Hammond  found  that  a  mouse  died  in  forty- 
fiye  minutes,  and  I  have  known  cases  in  which  the  inhalation  of  such  an 
atmosphere  for  three  or  four  hours  produced  in  men  decided  febrile  symptoms 
(increased  temperature,  quickened  pulse,  furred  tongue,  loss  of  appetite,  and 
thirst),  for  even  twenty-four  or  forty-eight  hours  subsequently. 

When  the  air  is  rendered  still  more  impure  than  this,  it  is  rapidly  fatal,  as 
in  the  cases  of  the  Black  Hole  at  Calcutta;  of  the  prison  in  which 
300  Austrian  prisoners  were  put  after  the  battle  of  Austerlitz  (when  260  died 
^eiy  rapidly) ;  and  of  the  steamer  Londonderry.  The  poisonous  agencies  are 
probably  the  organic  matter  and  the  deficient  oxygen,  as  the  symptoms  ar^ 
not  those  of  pure  asphyxia.  If  the  persons  survive,  a  febrile  condition  is  left 
behind,  which  lasts  three  or  four  days,  or  there  are  other  evidences  of  affected 
nu^tion,  such  as  boils,  &c. 

When  air  more  moderately  vitiated  by  respiration  is  breathed  for  a  longer 

*  On  tfa0  other  hand,  penonB  Hying  in  volcanio  countries  have  sometimes  a  notion  that  the 
foiMs  of  BolpburoiiB  add  are  good  for  the  health ;  I  have  been  told  so  by  people  in  the  neigh- 
bourhood of  Vesavins.    (F.  de  C.) 

t  Joidan— Canstett's  Jahresb.  for  1863,  band  vii.  p.  76. 
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period,  and  more  continuonsly,  its  effects  become  complicated  with  those  of 
other  conditions.  Usually  a  person  who  is  compelled  to  breathe  such 
an  atmosphere  is  at  the  same  time  sedentary,  and,  perhaps,  remains  in  a  con- 
strained position  for  several  hours,  or  possibly  is  ako  under-fed  or  intemperate. 
But  allowing  the  fullest  effect  to  all  other  agencies,  there  is  no  doubt  that  the 
breathing  the  vitiated  atmosphere  of  respiration  has  a  most  iigurious  effect  on 
the  healtL*  Persons  soon  become  pale,  and  partially  lose  their  appetite,  and 
after  a  time  decline  in  muscular  s^n^  a^T^taf  The  a^rtion  and 
nutrition  of  the  blood  seem  to  be  interfered  with,  and  the  general  tone  of  the 
system  faUs  below  par.  Of  special  diseases  it  appears  pretty  dear  that 
pulmonary  affections  are  more  common. 

Such  persons  do  certainly  appear  to  furnish  a  most  undue  percentage  of 
phthisical  cases ;  that  is,  of  destructive  lung-tissue  disease  of  some  kind.  The 
production  of  phthisis  from  impure  air  (aided  most  potently,  as  it  often  is,  by 
coincident  conditions  of  want  of  exercise,  want  of  good  food,  and  excessive 
work)  is  no  new  doctrinal  Baudelocque  long  ago  asserted  that  impure  air  is 
the  great  cause  of  scrofula  (phthisis),  and  that  hereditary  predisposition, 
syplulis,  uncleanness,  want  of  clothing,  bad  food,  cold  and  humid  air,  are  by 
themselves  non-effective.  Carmichael,  in  his  work  on  scrofula  (1810),  gives 
some  most  striking  instances,  where  impure  air,  bad  diet,  and  deficient  exer- 
cise concurred  together  to  produce  a  most  formidable  mortality  from  phthisis. 
In  one  instance,  in  the  Dublin  House  of  Industry,  where  scrofula  was 
formerly  so  common  as  to  be  thought  contagious,  there  were  in  one  ward  60 
feet  long  and  18  feet  broad  (height  not  given),  38  beds,  each  containing  four 
children ;  the  atmosphere  was  so  bad  that  in  the  morning  the  air  of  the  ward 
was  unendurable.  In  some  of  the  schools  examined  by  Carmichael,  the  diet 
was  excellent,  and  the  only  causes  for  the  excessive  phthisis  were  the  foul  air 
and  want  of  exercise.  This  was  the  case  also  in  the  house  and  school 
examined  by  Neil  Amott  in  1832.  Lepelletier  (Traits  Ck)mplet  de  la  Maladie 
Scrophuleuse)  also  records  some  good  evidence.  Professor  Alison,  of 
Edinburgh,  and  Sir  James  Clark,  in  his  invaluable  work,  lay  great  stress  on 
it  Neil  Amot,  Toynbee,  Guy,  and  others,  brought  forward  some  striking 
examples  before  the  Health  of  Towns  Commission  (First  Report,  1844,  vol. 
L  pp.  52,  60,  69,  79,  &c.).  Dr  Henry  MacCormac  has  insisted  with  great 
cogency  on  this  mode  of  origin  of  phthisis ;  and  Dr  Greenhow,  in  his  "  Eeport 
on  the  Health  of  the  People  of  England,"  also  enumerates  this  cause  as 
occupying  a  prominent  place.  § 

In  prisons,  the  great  mortality  which  formerly  occurred  from  phthisis,  as 
for  example  at  Millbank  (Baly),  seemed  to  be  owing  to  bad  air,  conjoined 
with  inferior  diet  and  moral  depression. 

Two  Austrian  prisons,  in  which  the  diet  and  mode  of  life  were,  it  is 
believed,  essentially  the  same,  offer  the  following  contrast : — 

*  See,  among  a  number  of  other  instances,  Guy's  evidence  before  the  Health  of  Towns  Com- 
mission, vol.  i.  p.  89,  et  teq.,  and  S.  Smith,  ibid.  p.  37,  et  seq. 

"¥  See  Wilson  s  Observations  on  Prisoners,  already  cited,  page  108. 

j:The  following  statistics  (Ransom,  Sanitary  Record,  yol.  vi.)  are  instnictive:  Death-rate 
from  diseases  of  tne  respiratory  oiigans  for  all  England^  8*54  (186&-76),  for  Salford  5'12  ;  for 
registration  district  of  Manchester,  6 '10 ;  for  township  of  Manchester  in  1874,  7*7  ;  for  West- 
moreland (one  of  the  healthiest  counties)  2*27  ;  for  North  Wales,  2*51.  For  diagrams  showing 
the  effects  of  aggregation  of  population  on  the  ratio  of  respiratory  diseases,  see  my  Lectures 
on  State  Medicine,  table  t.  p.  48  (F.  de  C.) 

§  The  observations  of  the  development  of  what  are  apparently  tubercular  lesions  from  the 
circulation  in  the  blood  of  pus  or  septic  matter  derived  from  inoculation  in  guinea  pigs,  by 
Bnrdon-Sanderson  and  Wilson  Fox,  seem  to  give  support  to  the  conjecture,  that  in  these  cases 
of  tubercle  from  foul  air,  some  corpuscular  substances  may  be  drawn  into,  and  set  up  disease 
of,  the  lungs. 
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In  the  piison  of  Leopoldstadt,  at  Vienna,  which  was  very  badly  ventilated, 
there  died  in  the  years  1834-1847,  378  prisoners  out  of  4280,  or  86  per  1000, 
and  of  these  no  less  than  220,  or  51*4  per  1000,  died  from  phthisis;  there 
were  no  less  than  42  cases  of  acute  miliary  tuberculosis. 

In  the  well-ventilated  House  of  Correction  in  the  same  city,  there  were  in 
five  years  (1860-1864)  3037  prisoners,  of  whom  43  died,  or  14  per  1000,  and 
of  these  24,  or  7 '9  per  1000,  died  of  phthisis.  The  comparative  length  of 
sentences  is  not  given,  but  no  correction  on  this  ground,  if  needed,  could 
account  for  this  discrepancy.  The  great  prevalence  of  phthisis  in  some  of  the 
Indian  jails  appears  to  have  been  owing  to  the  same  cause,  combined  with 
insufficient  diet 

The  now  well-known  fact  of  the  great  prevalence  of  phthisis  in  most  of  the 
European  armies  (French,  Prussian,  Eussian,  Belgian,  and  English)  can 
scaiv^ly  be  accounted  for  in  any  other  way  than  by  supposing  the  vitiated 
atmosphere  of  the  barrack-room  to  be  chiefly  in  fault  This  is  the  conclusion 
to  which  the  Sanitary  Commiasioners  for  the  army  came  in  ^their  celebrated 
report  And  if  we  must  also  attribute  some  influence  to  the  pressure  of 
ill-made  accoutrements,  and  to  the  great  prevalence  of  syphilis,  still  it  can 
hardly  be  doubted  that  the  chief  cause  of  phthisis  among  soldiers  has  to  be 
sought  somewhere  else,  when  we  see  that  with  very  different  duties,  a  variable 
amount  of  syphilis,  and  altered  diet,  a  great  amount  of  phthisis  has  prevailed 
in  the  most  varied  stations  of  the  army,  and  in  the  most  beautiful  climates ; 
in  Gibraltar,  Malta,  Ionia,  Jamaica,  Trinidad,  Bermuda,  &c  (see  history .  of 
these  stations),  in  all  which  places  the  only  common  condition  was  the  vitiated 
atmosphere  which  our  barrack  system  everywhere  produced  And,  as  if  to 
clench  the  argument^  there  has  been  of  late  years  a  most  decided  decline  in 
phthisical  cases  in  these  stations,  while  the  only  circumstance  which  has 
notably  changed  in  the  time  has  been  the  condition  of  the  air.  So  also  the 
extraordinary  amount  of  consumption  which  has  prevailed  among  the  men  of 
the  Boyal  and  Merchant  Navies,  and  which,  in  some  men-of-war,  has  amounted 
to  a  veritable  epidemic,  is  in  all  probability  attributable  to  the  faulty  ventila- 
tion.* 

The  deaths  from  phthisis  in  the  Boyal  Navy  averaged  (3  years)  2*6  per 
1000  of  strength,  and  the  invaliding  3*9  per  1000.  The  amount  of  consump- 
tion and  of  all  lung  diseases  was  remarkably  different  in  the  different  ships. 
These  inferences  have  received  the  strongest  corroboration  from  the  outbreak 
of  a  lung  disease  leading  to  the  destruction  of  lung  tissue  in  several  of  the 
ships  on  the  Mediterranean  station  in  1860.  Dr  Bryson  traces  this  clearly  to 
contamination  of  the  air,  and  notices  that  in  several  cases  the  disease  appeared 
to  be  propagated  from  person  to  person.!  It  may  be  inferred  that  pus  cells 
were  largely  thrown  off  during  coughing,  and,  floating  through  the  air,  were 
leceiYed  into  the  lungs  of  other  persons. 

The  production  of  phthisis  in  animals  confirms  this  view.  The  case  of  the 
monkeys  in  the  zoological  gardens,  narrated  by  Dr  Amott,  is  a  striking 
instance.  Cows  in  close  stables  frequently  die  from  phthisis,  or  at  any  rate 
from  a  destructive  lung  disease  (not  apparently  pleuro-pneumonia) ;  while 
horses,  who  in  the  worst  stables  have  more  free  air,  and  get  a  greater  amount 
of  exercise,  are  little  subject  to  phthisis.  But  not  only  phthisis  may  reason- 
ably be  considered  to  have  one  of  its  modes  of  origin  in  the  breathing  an 
atmosphere  contaminated  by  respiration,  but  other  lung  diseases,  bronchitis 

*  Statistical  Reports  on  the  Health  of  the  Navy,  and  especially  Qavin  Milroy's  pamphlet  on 
the  Health  of  the  Koyal  Navy,  1362,  pp.  44  and  54. 
t  Trans,  of  the  Epidem.  Soc.  vol.  ii.  p.  142. 
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and  pneumonia,  appear  also  to  be  moie  common  in  sucli  ciicumatancea.  Both 
among  seamen  and  civilians  working  in  confined  close  rooms,  who  are  other- 
wise  so  differently  circumstanced,  we  find  an  excess  of  the  acute  lung  affec- 
tions. The  only  circumstance  which  is  common  to  the  two  classes  is  the 
impure  atmosphere.  (Compare  especially  Gravin  Milroy  and  Greenhow.) 
The  favourite  beUef  that  these  diseases  are  caused  by  transitions  of  tempera- 
ture and  exposure  to  weather,  has  been  carried  too  far. 

In  addition  to  a  general  impaired  state  of  health,  arising,  probably,  from 
faulty  aeration  of  the  blood,  and  to  phthisis  and  other  lung  affections  which 
may  reasonably  be  believed  to  have  their  origin  in  the  constant  breathing  of 
air  vitiated  by  the  organic  vapours  and  particles  arising  from  the  person,  it 
has  long  been  considered,  and  apparently  quite  correctly,  that  such  an  atmo- 
sphere causes  a  more  rapid  spread  of  several  specific  diseases,  especially  typhus 
exanthematicus,  plague,  small-pox,  scarlet  fever,  and  measles.  This  may  arise 
in  several  ways ;  the  specific  poison  may  simply  accumulate  in  the  air  so 
imperfectly  changed,  or  it  may  grow  in  it  (for  though  there  may  be  an 
analogical  argument  against  such  a  process,  it  has  never  been  disproved,  and 
is  evidently  not  impossible) ;  or  the  vitiated  atmosphere  may  simply  render 
the  body  less  resisting  or  more  predisposed. 

(b)  Air  rendered  Impure  by  Exhalatians  from  the  Sick. — ^The  air  of  a  sick 
ward,  containing  as  it  does  an  immense  quantity  of  organic  matter,  is  well 
known  to  be  most  injurious.  The  severity  of  many  diseases  is  increased,  and 
convalescence  is  greatly  prolonged  This  appears  to  hold  true  of  all  diseases, 
but  especially  of  the  febrile.  At  a  certain  point  of  impurity,  erysipelas  and 
hospital  gangrene  appear.  The  occurrence  of  either  disease  is,  in  fact,  a  con- 
demnation of  the  sanitary  condition  of  the  ward.  It  has  been  asserted  that 
hospital  gangrene  is  a  precursor  of  exanthematic  typhus,*  but  probably  the 
introduction  at  a  particular  time  of  the  specific  poison  of  typhus  was  a  mere 
coincidence.  But,  doubtless,  the  same  foul  state  of  the  air  which  aids  the 
spread  of  the  one  disease  would  aid  also  that  of  the  other. 

When  hospital  gangrene  has  appeared,  it  is  sometimes  extremely  difficult 
to  get  rid  of  it  Hammondf  states  that  in  a  ward  of  the  New  York  City 
Hospital,  where  hospital  gangrene  had  appeared,  removal  of  the  furniture  and 
patients  did  not  prevent  fresh  patients  being  attacked.  Closing  the  ward  for 
some  time  and  whitewashing  had  no  effect  The  plastering  was  then 
removed,  and  fresh  plaster  applied,  but  still  cases  recurred.  At  last  the  entire 
walls  were  taken  down  and  rebuilt,  and  then  no  more  cases  occurred 

It  is  now  weU  known  that  by  the  freest  ventilation,  i.e.y  by  treating  men  in 
tents  or  in  the  open  air,  hospital  gangrene  can  be  entirely  avoided}  The 
occurrence  of  hospital  gangrene  in  a  tent  is  a  matter  of  the  rarest  occurrence. 

(c)  Air  rendered  Impure  by  Combiution, — Of  the  products  of  combustion 
which  pass  into  the  general  atmosphere  (see  page  105),  the  carbonic  acid  and 
carbonic  oxide  are  so  largely  and  speedily  diluted  that  it  is  not  likely  they 
can  have  any  influence  on  health.  The  particles  of  carbon  and  tarry  matter, 
and  the  sulphurous  acid,  must  be  the  active  agents  if  any  injury  results.  It 
has  been  supposed,  that  molecular  carbon  and  sulphurous  acid,  instead  of  being 
iigurious,  may  even  be  useful  as  disinfectants,  and  we  might  a  priori  conclude 
that  to  a  certain  extent  they  must  so  act,  but  certainly  there  is  no  evidence 
that  the  smoky  air  of  our  cities,  or  of  our  colliery  districts,  is  freer  from  the 

*  See  Guillemin,  BecueU  de  Mfoioires  de  Med.  Ch.  and  Pharm.  Militaires,  No.  159.  1874. 

+  On  Hygiene,  p.  172. 

t  See  Chapter  on  Hospitals,  and  Professor  Jttngken*s  Address  on  Pyemia  in  the  Sydenham 
Society  Tear-Book  for  1862,  p.  218,  and  Report  on  Hygiene,  by  the  Author,  in  the  Army 
Medical  Report  for  1862  (VOL  fv.) 
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poisons  of  the  specific  diseases  than  the  air  of  other  places.  It  has  been  sup- 
posed, indeed,  that  the  air  of  large  cities  is  particularly  antagonistic  to 
malaria,  bat  there  are  probably  other  causes  acting  here.  The  solid  particles 
of  carbon,  and  the  sulphurous  acid  gas,  may,  on  the  other  hand,  have  ii^jurious 
effects.  It  is  not  right  to  ignore  the  mechanical  effect  of  the  fine  powder  of 
coal  so  constantly  drawn  into  the  lungs,  and  even  the  possibility  of  irritation 
of  the  lungs  from  sulphurous  acid.  Certain  it  is,  that  persons  with  bronchitis 
and  emphysema  often  feel  at  once  the  entrance  into  the  London  atmosphere ; 
and  individual  experience  will,  I  believe,  lead  to  the  opinion  that  such  an 
atmosphere  has  some  effect  in  originating  attacks  of  bronchitis,  and  in  delay- 
ing recovery.  But  statistical  evidence  of  the  effect  of  smoky  town  atmo- 
spheres in  producing  lung  affections  on  a  large  scale  cannot  be  given,  so  many 
are  the  other  conditions  which  complicate  the  problem. 

The  effect  of  breathing  the  products  of  combustion,  of  gas  especially,  is 
more  easily  determined.  In  proportion  to  the  amount  of  contamination  of 
the  air,  many  persons  at  once  suffer  from  headache,  heaviness,  and  oppres- 
sion. 

Bronchitic  affections  are  frequently  produced,  which  are  often  attributed  to 
the  change  from  the  hot  room  to  the  cold  air,  but  are  really  probably  owing 
to  the  influence  of  the  impure  air  of  the  room  on  the  lungs. 

The  effects  of  constantly  inhaling  the  products  of  gas  combustion  may  be 
seen  in  the  case  of  workmen  whose  shops  are  dark,  and  who  are  compelled  to 
bum  gas  during  a  large  part  of  the  day ;  the  paUor,  or  even  anaemia  and 
general  want  of  tone  which  such  men  show,  is  owing  to  the  constant  inhala- 
tion of  an  atmosphere  so  impure. 

(d)  Air  rendered  Impure  by  the  Gas  and  Effluvia  from  Sewers  and  House 
Drains, — Cases  of  asphyxia  from  sulphuretted  hydrogen,  sulphide  of 
ammonium,  carbonic  acid,  and  nitrogen  (or  possibly  rapid  poisoning  from 
organic  vapours),  occasionally  occur  both  in  sewers  and  ^m  the  openiug  of 
old  cesspools.  In  a  case  at  Clapham,  the  clearing  out  of  a  privy  produced  in 
twenty-three  children  violent  vomiting  and  purging,  headache,  and  great 
prostration,  and  convidsive  twitchings  of  the  muscles.  Two  died  in  twenty- 
four  hours.     ("  Health  of  Towns  Report,"  vol  L  p.  139.) 

These  are  instances  of  mephitic  poisoning  in  an  intense  degree ;  but  when 
men  have  breathed  the  air  of  a  newly  opened  drain  in  much  smaller  amounts, 
marked  effects  are  sometimes  produced;  languor  and  loss  of  appetite  are 
followed  by  vomiting,  diarrhcea,  colic,  and  prostration.  The  effluvia  which 
have  produced  these  symptoms  are  usually  those  arising  from  a  drain  which 
has  been  blocked  for  some  time.  When  the  air  of  sewers  penetrates  into 
bouses,  and  especially  into  the  bed-rooms,  it  certainly  causes  a  greatly 
impaired  state  of  health,  especially  in  children.  They  lose  appetite,  become 
pale  and  languid,  and  suffer  from  diarrhcea;  older  persons  suffer  from 
headaches,  malaiae,  and  f everishnesss ;  there  is  often  some  degree  of  ansemia, 
and  it  is  dear  that  the  process  of  aeration  of  the  blood  is  not  perfectly  carried 
oa* 

In  some  cases  I  have  known  decided  febrile  attacks  lasting  three  or  four 
days,  and  attended  with  great  headache  and  anorexia.  Houses  into  which 
there  has  been  a  continued  escape  of  sewer  air  have  been  so  notoriously 
unhealthy  that  no  persons  would  live  in  them,  and  this  has  not  been  only 
from  the  prevalence  of  fever,  but  from  other  diseases.  Dr  Marston  (late  R  A.), 
in  his  excellent  paper  on  the  Fever  of  Malta,!  tells  us  that  when  typhoid  fever 

*  Health  of  Towns  Report     See  especiaUy  the  evidence  of  Rigby,  yol.  i.  p.  161,  and  of 
Aldis,  Tol.  i.  pu  115. 
t  Army  Med.  Report  for  1801,  p.  486. 


126  AIR. 

broke  out  at  the  Fort  of  Lascaris,  from  the  opening  of  a  drain,  other  a£fectionfl 
-were  simultaneously  developed,  viz.,  ^' diarrhoea^  dysentery,  slight  pyrexial 
disorders,  and  diseases  of  the  primary  assimilative  oigans."  A  close  examina- 
tion and  analysis  of  the  affections  produced  by  the  inhalation  of  sewer  air, 
would  probably  much  enlarge  this  list ;  and  the  class  of  affections  resulting 
from  this  cause,  to  which  it  may  be  difficult  to  assign  a  nosological  name,  will 
be  found,  I  believe,  to  be  essentially  connected  with  derangement  of  the 
digestive  rather  than  with  the  pulmonary  systeuL 

Dr  Herbert  Barker*  has  attempted  to  submit  this  question  to  experiment 
by  conducting  the  air  of  a  cesspool  into  a  box  where  animals  were  confined. 
The  analysis  of  the  air  showed  the  presence  of  carbonic  acid,  sulphuretted 
hydrogen,  and  ammonium  sulphide.  The  reaction  of  the  gas  was  usually 
neutral,  sometimes  alkaline.  The  gas  was  sometimes  offensive,  so  that  organic 
vapours  were  probably  present ;  but  no  analysis  appears  to  have  been  made 
on  this  point  Three  dogs  and  a  mouse  were  experimented  on ;  the  latter 
was  let  down  over  the  cesspool,  and  died  on  the  fifth  day.  The  three  dogs 
were  confined  in  the  box ;  they  all  suffered  ^m  vomiting,  purging,  and  a 
febrile  condition,  which,  Dr  Barker  says,  '^resembled  the  nulder  forms  of 
continued  fever  common  to  the  dirty  and  ill-ventilated  homes  of  the  lower 
classes  of  the  community."  But  the  effects  required  some  time,  and  much 
gas  for  their  production.  Dr  Barker  attributes  the  results,  not  to  the  organic 
matter,  but  to  the  mixture  of  the  three  gases,  carbonic  acid,  sulphuretted 
hydrogen,  and  sulphide  of  ammonium,  and  specially  to  the  latter  two. 

The  effect  on  the  men  who  work  in  sewers  which  are  not  blocked,  or 
temporarily  impure  from  exceptional  disengagement  of  sulphuretted  hydrogen 
from  any  cause,  f  has  been  subject  to  much  debate.  The  air  in  many  sewers 
in  London  is  not  very  impure ;  the  analyses  of  Letheby  and  Miller  have 
shown  that  generally  the  amount  of  carbonic  acid  is  very  little  in  excess  of 
that  in  the  external  air,  and  that  there  is  hardly  a  trace  of  sulphuretted 
hydrogen,  or  of  foetid  organic  effluvia.  The  air  in  the  house  drains  is  often, 
in  fact,  more  impure  them  that  of  the  main  sewers.  This  is  the  case  also  in 
other  places,  and  is  to  be  accounted  for  by  the  numerous  openings  in  the 
sewers,  from  the  porosity  of  the  walls,  from  the  continual  ventilation  produced 
by  the  air  being  drawn  into  houses,  and  from  the  amount  of  water  in  the 
sewers  being  often  so  great,  and  its  flow  so  rapid,  as  to  materially  lessen  the 
chances  of  generation  of  gas.  The  evidence  is,  on  the  whole,  opposed  to  the 
view  that  sewer-men  suffer  in  health  in  consequence  of  their  occupation. 
Thackrah  states!  that  sewer-men  are  not  subject  to  any  disease  (apart  from 
asphyxia),  and  are  not  short-lived.  He  cites  no  evidence.  Parent-Duch&telet§ 
came,  on  the  whole,  to  the  same  conclusion  as  regards  the  sewer-men  of  Paris 
in  1836.  He  says  that  there  are  some  men  so  affected  by  the  air  of  sewers 
that  they  can  never  work  in  them ;  but  those  who  can  remain  suffer  only 
from  a  little  ophthalmia^  lumbago,  and  perhaps  sciatica.  They  consider 
otherwise  their  occupation  not  only  innocent,  but  as  favourable  to  health. 
The  only  fact  adverse  to  this  seemed  to  be  that  the  air  of  the  sewer  greatly 

*  On  Malaria  and  Miasmata,  1868,  p.  176|  et  sea. 

f  Fatal  cases  have  occurred  both  in  London  and  Liverpool  sewers  from  the  rapid  evolution 
of  SH^  either  fi-om  gaa  liquid,  or,  in  Liverpool,  from  the  action  of  acids  passing  into  the 
sewers,  and  meeting  with  sulphide  of  calcium  in  the  refuse  derived  from  alkah  manufactories. 

t  The  Eflfects  of  Arts,  Trades,  and  Professions  on  Health,  1832,  p.  118. 

§  Hygiene  Publique,  vol.  i.  pw  247  (1836).  The  conclusion  of  Parent-Duch&telet  are  not 
entirely  justified  by  his  evidence.  The  number  of  men  he  examined  was  small,  and  many  of 
them  had  been  employed  for  a  short  time  only  in  the  sewers ;  it  also  appeared  that  a  consider- 
able number  had  actually  suffored  from  bilious  and  cerebral  affections.  (See  the  former 
editions  of  this  work.) 
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aggzavated  the  venereal  disease,  and  those  who  persisted  in  working  with 
disease  on  them  ineyitably  perished.  The  working  in  deep,  old  sewage 
matter  produced  an  eruption  on  the  parts  bathed  by  the  mud,  which  resembled 
itch  sometimes,  or  was  phlyctenoid  in  character. 

An  inquiry  lately  conducted  into  the  health  of  the  sewer-men  in  London 
did  not  detect  any  excess  of  disease  among  them,*  and  I  was  informed  that  in 
Liverpool  also  the  sewer-men  have  good  healtL  The  workmen  employed  at 
the  various  sewage  outfaUs,  and  who,  though  not  in  the  sewers,  breathe  the 
effluvia  arising  £rom  the  settling  tanks,  do  not  find  it  an  unhealthy  oc- 
cupation. 

It  does  not  appear,  therefore,  that  at  present  the  workmen  connected  with 
fairly  ventilated  sewers  show  any  excess  of  disease ;  at  the  same  time,  it  must 
he  allowed  that  the  inquiry  has  not  been  very  rigorously  prosecuted,  and  that 
the  length  of  time  the  men  work  in  sewers,  their  average  yearly  mortality, 
discharge  from  sickness,  loss  of  time  from  sickness,  and  the  effect  produced 
on  their  expectation  of  life,  have  not  been  perfectly  determined. 

The  air  of  sewers  passing  into  houses  aggravates  most  decidedly  the  severity 
of  all  the  exanthemata — erysipelas,  hospital  gangrene,  and  puerperal  fever 
(Bigby);  and  it  has  probably  an  injurious  effect  on  aU  diseases.  That 
pneumonia  may  be  produced  is  shown  by  the  case  of  the  East  Sheen 
SchooL 

Two  special  diseases  have  been  supposed  to  arise  from  the  air  of  sewers  and 
faecal  emanations,  viz.,  diarrhoea  and  typhoid  (enteric)  fever. 

With  regard  to  the  production  of  diarrhoea  from  fsBcal  emanations,  it  would 
seem  that  Uie  autumnal  diarrhoea  of  this  country  is  intimately  connected  with 
temperature,  t  and  usually  commences  when  the  thermometer  is  persistently 
above  60^  and  when  there  is,  at  the  time,  a  scarcity  of  rain-falL  It  is  worst 
in  the  badly-sewered  districts,  and  is  least  in  well-drained  districts,  and  in  wet 
yean.  It  has  been  checked  in  London  by  a  heavy  fall  of  rain.  All  those 
points  seem  to  connect  it  with  fsecal  emanations  reaching  a  certain  rapidity  of 
evolution  in  consequence  of  high  temperature,  deficient  rain,  and  perhaps 
relative  dryness  of  the  atmosphere.  At  the  same  time,  there  is  a  connection 
between  this  disease  and  impure  water.  It  may  own  a  double  origin,  and  in 
a  dry  season  both  cases  may  be  in  operation. 

That  enteric  fever  may  arise  from  the  effluvia  from  sewers  is  a  doctrine  very 
generally  admitted  in  this  country,  and  is  supported  by  strong  evidence. 
There  are  several  cases  on  record  in  which  this  fever  has  constantly  prevailed 
in  houses  exposed  to  sewage  emanations,  either  from  bad  sewers  or  from  want 
of  them,  and  in  which  proper  sewerage  has  completely  removed  the  fever.  { 
Many  of  these  cases  occurred  before  the  water-carriage  of  typhoid  was  recog- 
nised, bat  yet  the  connection  between  the  sewage  emanation  and  the  fever 
seem  undoubted. 

This  evidence  is  supported  by  cases  in  which  the  opening  of  a  drain  has 

*  In  referenoe  to  this  point,  however,  a  writer  in  the  Lancet  (April  1872)  very  justly  pointed 
ont  that  the  statistics  are  very  imperfect,  in  taking  no  notice  of  men  who  have  been  dischai^ed 
or  who  have  died. 

fRansome  and 'Vernon,  Inflnence  of  Atmosph.  Changes  on  Dis.  p.  8. 

X  In  Health  of  Towns  Reports  and  Evidence,  Mr  Simon's  Reports,  Dr  Letheby's  Reports, 
I>r  Adand's  Reports  on  Fevers  in  Agricultaral  Districts,  ana  the  Reports  of  the  Medical 
Officer  to  the  Pnvy  Council,  will  be  found  abundant  evidence  in  support  of  this  assertion. 
Many  provincial  towns  in  England  could  give  similar  evidence,  as  Norwich.  (See  Dr 
RieliaidK»'8  Report,  Medical  Times  and  Gazette,  Jan.  1862).  The  case  of  Calstock,  in 
Devanshire,  may  be  also  noted.  It  used  to  be  always  liable  to  outbreak  of  typhoid  fever,  but 
after  the  drainage  of  the  place  the  fever  disappeared.  (Bristowe  in  Trans,  of  Epid.  Soc.  vol.  i. 
p.  286.)  Murchison  has  not  only  adopted  this  view,  but  has  proposed  to  give  the  term 
**  yylhogeaic  fevex^'  to  typhoid. 
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given  rise  to  decided  typhoid  fever,*  as  well  as  to  a  very  fatal  disease  (pro- 
bably severe  typhoid),  in  which  coma  is  a  marked  symptom.  So  also  in  some 
instances  (Windsor  and  Worthing)  f  the  spread  of  enteric  fever  has  evidently 
been  owing  to  the  conveyance  of  effluvia  into  houses  by  the  agency 
of  unventilated  sewers.  In  a  case  mentioned  to  me  by  a  friend,  an  outbreak 
of  enteric  fever  in  a  training-school  was  localised  in  certain  parts  of  the  school 
(whereas  the  drinking  water  was  common  to  all),  and  was  traced  to  imperfeo- 
tion  of  traps  in  those  parts  of  the  house  which  were  affected.  In  this  case 
the  drains  led  down  to  a  large  tank  at  some  distance,  and  at  a  much  lower 
level,  and  the  smell  of  the  effluvia  was  so  slight  that  at  first  it  was  not 
believed  that  the  drains  could  be  out  of  order.  A  very  good  case  is  given  by 
Surgeon  Page,{  of  the  6th  Dragoons,  in  his  description  of  an  outbreak  of 
typhoid  fever  at  Newbridge,  following  discontinuance  of  the  use  (on  account 
of  repairs)  of  a  ventilating  shaft  for  the  sewers.  Sewer-gas  got  into 
the  barracks,  and  several  cases  (some  fatal)  of  typhoid  fever  occurred.  Other 
possible  causes  were  carefully  inquired  into  and  eliminated.§  These  two 
classes  of  fact  seem  decidedly  to  show  a  causal  connection  between  the  effluvia 
from  sewers  and  excreta  and  enteric  fever,  and  they  are  supported  by  the 
statistical  evidence  which  proves  that  the  prevalence  of  typhoid  fever  stands 
in  a  close  relation  to  the  imperfection  with  which  sewage  matters  are  removed.  || 
The  army  statistics  give  excellent  instances  of  this,  and  the  evidence  produced 
by  Dr  Buchanan  of  the  prevalence  of  typhoid  fever  before  and  after  sewerage 
of  a  town  is  to  the  same  effect  IT 

It  seems  difficult  not  to  admit  that  the  effluvia  from  the  sewers  wiU  produce 
typhoid,  and  yet  there  are  some  remarkable  facts  which  can  be  cited  on  the 
other  side. 

It  has  been  denied  by  Parent-Duch&telet  and  by  Guy**  that  typhoid  fever 
is  more  common  among  sewer-men  than  others,  and  late  inquiries  among  the 

*  The  cases  of  Croydon,  PeckhaiDi  Wefftminster,  Fleet  Lane,  Hammersmith,  and  Malta  are 
here  refeired  to.  See  Murchison  on  Fevers,  p.  436,  et  aeq.  The  Hammersmith  case  is  one  men- 
tioned by  Babington  (British  Medical  Journal,  May  8,  1862).  The  case  at  Malta  is  mentioned 
by  Marston  (Army  Medical  Report  for  1861,  p.  486).  I  have  been  informed  of  a  similar  case ; 
and  it  was  also  affirmed  that  the  evacoations  of  some  patients  with  typhoid  fever  had  been 
received  two  years  before  into  the  drain.  Riecke  (Der  Kriegs  nnd  Frieden-Typhus,  1850,  p. 
51)  has  collected  many  cases ;  so  also  Gietl  (Die  Ursachen  des  £nt.  Typh.  in  Munich,  IS62\ 
In  a  case  recorded  by  Dr  Buzsard  (Lancet,  Mov.  1868),  a  rain  water  pipe  communicating  with 
the  discharge  pipe  of  a  closet  led  tne  effluvia  into  the  house ;  seven  persons  out  of  forty  were 
attacked.  Dr  Orton  of  Newcastle-under-Lyne  has  recorded  an  outbreak  in  that  city  (Med. 
Times  and  Gazette,  April  1872),  arising  fh)m  sewer  gas  ;  no  case  of  typhoid  had  occurred  in 
the  town  for  some  time,  and  the  water  was  above  suspicion.  Dr  Fergus  of  Glas^w,  who  has 
paid  ffreat  attention  to  the  conditions  of  water-closet  and  sink  pipes,  and  has  pointed  out  how 
rapidly  thej  decay  and  get  out  of  order,  has  noted  several  cases,  in  a  case  at  Preston,  recorded 
in  the  Medical  Times  and  Gazette,  Feb.  10,  1872,  the  gas  forced  back  in  a  drain  by  the  rise  of  a 
river,  into  which  the  drain  opened*  caused  typhoid  fever  in  several  persons.  In  Croydon, 
in  1866,  Buchanan  mentions  that  the  sewer  gases  were  forced  noisily  back  the  traps  of  water- 
closets  in  several  houses,  in  which  outbreaks  of  typhoid  occurred  a  few  days  afterwards. 

+  Ninth  Report  of  Medical  Officer  to  Privy  Council,  p.  44. 

^  Army  Med.  Report,  vol.  xv.  p.  801. 

§  An  outbreak  at  Kinsale,  apparently  due  to  sewer  effluvia,  is  narrated  by  Surgeon-Major 
Wallace,  Army  Med.  Reports,  voL  xviL  p.  55.  The  inquiry  seems  to  have  been  very  carefully 
made. 

II  The  Medical  Inspectors  of  the  Privy  Council  are  fully  alive  to  the  occasional  propagation 
of  typhoid  fever  by  water,  and  yet  the  doctrine  that  the  disease  can  be  conveyed  m  tne  air  is 
firmly  held  by  them,  and  few  men  have  more  experience.  (See  Mr  Netten  Radcliffe'i»  Report  on 
Fever  at  Bradford  in  1872.)  Greisinger  also  has  no  doubt,  from  a  large  experience,  of  the 
origin  of  typhoid  fever  in  this  way. 

%  Ninth  Report  of  Medical  Officer  to  the  Privy  Council,  p.  44.  In  21  English  towns  the 
average  reduction  of  typhoid  mortality  after  sewage  was  45*4  per  cent.  In  many  of  the  towns 
an  improved  water  supply  was  introduced  at  the  same  time,  but  the  purification  of  the  air  by 
sewerage  and  cleanliness  has,  it  is  believed  by  Buchanan,  "  been  most  uniformly  followed 
by  a  fall  in  the  prevalence  of  typhoid." 

**  Jounuil  of  the  Statistical  Society,  1848. 
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sewer-men  of  London  seem  to  bear  out  tKe  assertion.  But,  as  already  stated^ 
the  air  of  London  sewers  is  really  tolerably  pure ;  and  some  of  the  men  may  be 
protected  by  previous  attacks,  for  typhoid  fever  is  a  most  common  disease 
among  the  poorer  children  in  London,  Murchison  *  and  Peacock  also  state, 
on  the  other  side,  that  enteric  fever  is  not  uncommon  among  sewer-men. 
This  argument^  therefore,  is  not  of  great  weight 

The  evidence  is  very  strong  that  the  men  employed  at  the  sewage  tanks  and 
on  the  sewage  farms,  and  their  families,  do  not  show  an  unusual  amount  of 
tjphoid;  nor  do  the  persons  living  in  adjacent  houses.  Now,  if  sewage 
emanations  can  cause  typhoid  fever,  it  might  be  expected  that  we  should  by 
this  time  have  had  plenty  of  evidence  of  this  special  effect  Again,  in  our 
roial  villages,  and  in  many  farm  houses,  the  excreta  of  men  and  animals  liter- 
ally cover  the  ground,  and  it  might  have  been  anticipated  that  enteric  fever 
would  never  be  absent  If  this  is  the  case  in  this  country,  it  is  still  more  so 
in  China,  where  the  excreta  are  so  carefully  stored  and  applied  to  land.  In 
the  late  reports  made  by  various  medical  officers  in  the  Customs  Gazette  of 
China  for  1871,  the  writers  state  that^  iu  Chinese  villages  surrounded  with 
excreta,  and  where  the  contamination  of  the  air  by  faecal  emanations  is  very 
greats  there  is  no  typhoid  fever.  And  as  typhoid  is  well  known  in  other  parts 
of  China,  the  absence  is  not  owing  to  any  peculiarity  of  climate  preventing 
the  appearance  of  the  fever,  f 

We  have,  then,  counterfacts  which  must  be  allowed  to  be  of  considerable 
weight  Any  explanation,  to  be  satisfactory,  must  not  ignore  one  set  of  facts, 
but  must  impartially  include  both. 

The  possibility  that  the  adult  persons  submitted  to  sewage  emanations  may 
hare  had  typhoid  fever  in  early  life,  and  are  therefore  insusceptible,  may  ex- 
plain some  cases  of  escape,  even  when  f  SBcal  emanations  are  constantly  breathed. 
But  it  would  be  impossible  to  extend  this  argument  to  the  cases  of  immunity 
in  children,  unless  we  suppose  that  typhoid  fever  in  children  ia  constantly  over- 
looked, and  is  as  common  as  measles,  which  seems  very  unlikely. 

It  has  been  supposed  that  there  is  an  essential  difference  when  animal  and 
yegetable  substances  are  decomposing  in  covered  places  and  in  the  open  air.  | 
It  is  evident  that  the  physical  conditions  will  be  widely  different  in  the  two 
cases.  In  underground  channels  there  is  greater  mean  temperature,  more 
moisture,  and  a  more  stagnant  atmosphere.  In  the  open  air,  while  there  may 
he  heat  from  the  sun's  rays,  this  may  restrain  putrefaction ;  while  the  coldness^ 
of  the  nights,  and  the  much  greater  movement  and  dryness  of  the  air,  may 
hinder  the  formation  or  lessen  the  chance  of  reception  of  any  fever-causing 
suhstance  developed  during  the  putrefaction.  At  first  sight,  there  appears  to 
he  mach  in  favour  of  this  view,  and  it  would  explain  the  greater  chance  there 
appears  to  be  of  effluvia  coming  from  sewers  causing  typhoid  fever  than  when 
the  effluvia  came  from  excreta  in  the  open  air.  But  it  does  not  meet  two  un- 
^bted  facts,  viz.,  that  there  are  cases  in  which  sewer  air  is  breathed  without' 
causing  typhoid,  and  the  occasional  severe  outbreaks  of  typhoid  in  villages 
without  seweis,  and  where  there  is  no  putrefaction  under  cover. 

That  the  importation  of  typhoid  fever  into  places  previously  free  for  years 
18  followed  by  outbreaks§  is  quite  certain.     In  many  of  these  cases,  as  in  the* 

•  On  Fevers,  p.  468. 

t  8ee  RepoTts  by  Dn  Miller  and  Manaon,  for  Bhangbd  and  Auioy,  in  the  Customs  Gazette, 
Joly-Sept  1871. 

X  Tbis  is  the  view  taken  in  the  Second  Report  of  the  State  Board  of  Health  of  Massachnsettx. 
fmi  an  inquiry  in  moat  of  the  large  cities  of  that  state,  the  conclusion  is  drawn  that  it  is 
pvtrcfsction  of  animal  imd  vegetable  substances,  under  cover,  which  gives  typhoid. 

f  Tlie  cases  recorded  fifty  years  ago  by  Bretonneau  have  been  confirmed  by  many  observations 
mt. 
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excellent  instance  at  Steyning,  recorded  by  Whitley,*  all  the  conditions  of 
accumulated  sewage,  &c.,  which  are  supposed  to  produce  typhoid  fever,  were 
present  for  years,  and  yet  no  fever  resulted.  Then  a  patient  came  from  a 
distance  with  typhoid  fever,  and  the  disease  spread  through  the  village,  either 
through  the  medium  of  the  water  (as  is  perhaps  most  common),  or  through 
the  air.  These  instances  are  so  numerous  that  the  entrance  of  a  fresh  agent 
must  be  admitted,  and  if  so,  the  series  of  events  becomes  quite  intelligible 

The  doctrine  that  a  specific  cause  is  necessary  for  the  production  of  typhoid 
fever;  that  this  cause  is  present  in  the  intestinal  discharges,!  and  that  sewers 
and  fsBcal  effluvia,  and  fsecal  impregnation  of  water,  are  thereby  the  channels 
by  which  this  specific  cause  reaches  the  body  of  a  susceptible  person  {Le.,  of 
a  person  who  has  not  previously  had  the  disease),  will  be  found  to  explain 
almost  all  the  events  which  have  been  recorded  in  connection  with  the  origin 
of  typhoid  fever. 

lliere  are,  however,  still  some  difficulties.  There  are  instances  in  which 
typhoid  fever  arises  from  sewer  air  without  any  possibility  of  tracing  the 
entrance  of  a  person  with  the  disease.]:  Sometimes,  as  in  the  case  of 
an  isolated  house  in  the  country,  it  seems  most  difficult  to  believe  that  any- 
such  entrance  could  have  taken  place.  It  must,  however,  be  remembered 
that  the  carriage  of  the  "  contagion ''  takes  place  in  so  many  ways,  that  it 
is  impossible  always  to  trace  it  In  the  case  of  typhoid  fever,  the  stools  are 
not  only  infectious  during  the  height  of  the  disease,  but  probably  during  the 
early  period  of  recovery  ;§  and  the  disease  itself  is  also  often  so  slight  that 
persons  move  about,  and  believe  they  have  only  an  attack  of  diarrhoea. 
Again,  the  frequent  journeying  from  place  to  place  exposes  all  persons  to  a 
greater  chance  of  inhaling  the  typhoid  effluvia,  and  the  real  source  of  the 
disease  may  be  far  removed  from  the  place  which  is  actually  suspected. 

There  are,  again,  cases  in  which  typhoid  fever  occurs  in  persons  who  have 
not  been  exposed  apparently  to  sewer  air,  or  faecal  emanations,  or  to  the  charge 
of  any  typhoid  contagion.  Dr  Gordon  Hardie  has  recorded  two  cases  of  this 
kind  of  soldiers  attacked  during  imprisonment  Such  cases  can  only  be  ex- 
plained either  by  supposing  an  incubative  period  of  extraordinary  length,  or 
an  origin  apart  altogether  either  from  fsecal  emanations  or  a  prior  case  of  the 
disease. 

Admitting,  however,  that  there  are  still  difficulties  to  be  explained 
by  future  observation,  it  seems  clear  that  the  theory  of  a  specific  cause  repro- 
ducing itself  in  the  intestines  and  contained  in  the  discharges,  and  natundly, 
therefore,  connected  more  or  less  closely  with  excreta  and  sewers,  and  some- 
times with  drinking-water,  is  that  which  best  meets  the  facts  which  have  been 
most  faithfully  reported  in  outbreaks  of  typhoid  fever.  The  evidence  of  the 
carriage  of  a  cause  of  this  kind  in  water  strongly  supports  this  view. 

(e)  Emanations  from  FcBcal  Matter  thrown  on  the  Oround, — Owing,  doubt- 
less, to  the  rapid  movement  of  the  air,  there  is  no  doubt  that  the  excreta  of 

*  From  the  Report  of  the  Medical  Officer  to  the  Privy  Ooiincil,  p.  43. 

f  That  the  effluvia  from  the  typhoid  stools  will  produoe  typhoid  ferer  seems  to  be  oertein, 
and  a  good  case  is  given  by  Riecke.  The  evacuations  of  a  typhoid  patient  were  placed  in  an 
outhouse,  the  upper  room  of  which  had  an  unceiled  floor.  Two  men  who  had  no  intercourse 
nrhatever  with  the  patient,  and  never  entered  the  house,  but  who  slept  in  the  upper  room,  were 
attacked,  and  at  the  same  time. 

X  Raoke  admits  the  possibility  of  spontaneous  otigin  of  typhoid,  but  thinks  it  spreads  more 
frequently  through  air  than  any  other  way. 

§  In  a  case  (under  the  care  of  Dr  Langstaft  of  Southampton),  the  patient  died  after  17  weeks' 
illness ;  his  brother  was  attacked  with  typhoid  fever  about  a  week  before  the  death  of  the 
other,  and  no  othei  source  of  the  disease,  except  visiting  his  brother,  could  be  traced.  Aoconl- 
ingly,  allowing  the  longest  known  period  of  incubation  (21  days),  the  disease  must  have  been 
communicated  in  the  13th  week  of  illness.    The  case,  althougli  not  decisive,  is  curious. 
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men  and  animalfl  thrown  on  the  gronnd  and  exposed  to  the  open  aif  are  lees 
hurtful  than  sewer  air,  and  probably  in  proportion  to  the  dilution  • 

When  there  are  accumulations  in  close  courts,  small  back-yards,  &c.,  the 
same  effects  are  produced  as  by  sewer  air,  and  many  instances  are  recorded  in 
the  "  Health  of  Towns  Reports."  When  fsecal  matters  are  used  for  manure, 
and  are  therefore  speedily  mixed  with  earth,  they  seldom  produce  bad  effects. 
Owing,  doubtless,  to  the  great  deodorising  and  absorbing  powers  of  earth, 
effluvia  soon  cease  to  be  given  offl  An  instance  is,  however,  on  record  in 
which  two  cases  of  typhoid  were  supposed  to  arijse  6rom  the  manuring  of  an 
adjacent  field.  Dr  Clouston  has  also  shown  by  evidence,  which  seems  very 
strong,  that  dysentery  was  produced  in  an  asylum  by  the  exhalations  from 
sewage,  which  was  spread  over  the  ground  (a  stiff  brick  clay  subsoil)  about 
300  yards  from  the  asylum.  The  case  seems  a  very  convincing  one,  as  the 
possibility  of  the  action  of  other  causes  (impure  water,  bad  food,  &c,)  was 
excluded  This  is  a  point  on  which  more  evidence  is  desirable.  It  is  stated 
in  some  works  that  disease  is  frequently  produced  by  the  manuring  of  the 
ground,  but  I  have  been  able  to  find  no  satisfactory  evidence.  It  has  been 
said  that  if  the  sewage  matter  can  be  applied  while  perfectly  fresh 
to  the  ground,  no  harm  results ;  but  if  decomposition  has  ftdly  set  in,  it  is 
not  so  completely  deodorised  by  the  ground.  (See  chapter  on  Sewage.)  In 
China,  where  fs&cal  matter  is  so  constantly  applied  in  agriculture,  the  air  is 
often  filled  with  very  pungent  effluvia,  yet  no  bad  effect  is  produced.  (See 
Dr  A.  Jamieson's  "  Eeport  on  the  Health  of  Shanghai  for  the  half-year  end- 
ing September  1870,"  China  Customs  Gazette  for  1870;  Shanghai,  1871.) 

(/)  JSmancUions  Jrom  Streams  polluted  by  Fcecal  Matter. — The  evidence 
on  this  point  is  contradictory.  Parent-Duchfttelet,  in  1822,*  investigated  the 
effect  pitxluced  on  the  health  of  the  inhabitants  of  the  Faubourg  St  Marceau, 
in  Paris,  by  the  almost  insupportable  effluvia  arising  from  the  Eivi^re  de 
Bi^vre,  which  received  a  la^e  portion  of  the  sewage  of  the  quarter. 
He  asserts  that  the  health  was  not  at  all  damaged,  though  he  admits  that  there 
is  truth  in  the  old  tradition  at  the  H6tel  Dieu,  that  the  cases  from  St  Marceau 
were  more  severe  than  from  any  other  place. 

Dr  M'William  found  that  the  emanations  from  the  Thames  in  1859^60 
had  no  deleterious  effect  on  the  health  of  the  Custom-House  men  employed 
on  the  river.     The  amount  of  diarrhoea  was  even  below  the  average. 

Mr  Eawlinson  states  ("Eeport  of  Committee  on  Sewage,"  1864,  p.  174, 
Question  3997)  that  a  careful  house  to  house  visitation  had  been  made  in 
some  of  the  worst  districts  of  Lancashire  (in  Manchester,  on  the  banks  of  the 
Medlock,  for  instance)  without  finding  any  great  excess  of  disease. 

On  the  other  hand,  in  the  reports  of  Sir  H.  De  la  Beche  and  Dr  Lyon 
Playfau^t  is  some  strong  evidence  that  the  general  health  of  the  people 
safiered  from  the  emanations  of  the  putrid  streams  of  the  Frome,  and  the 
tnbutaries  of  the  Irk  and  Medlock;  that  they  were  pale,  in  many  cases 
dyspeptic ;  that  fevers  (typhoid)  prevailed  on  the  banks  is  asserted  by  some 
observers,  but  rather  doubted  by  others ;  but  none  seem  to  have  any  doubt 

*  Hygibne  Publiqne,  p.  98. 

t  Second  Report  of  the  Health  of  Towns  Commission,  pp.  261  and  847.  Lyon  Playfair  says, 
"The  medical  men  in  Manchester  whom  I  have  consultea  are  unanimously  of  opinion  that  tiie 
emanations  from  the  putrid  streams  which  wind  their  way  sluggishly  through  the  town  are  a 
cause  of  disease  aad  mortality."  On  the  other  hand.  Whitehead  (Bate  of  Mortality  in  Man- 
chester, 8d  edit.  1864,  p.  50)  denies  that  typhus  (t^hoid  ?)  is  more  prevalent  near  the  banks  of 
thece  streams,  and  ako  denies  (p.  52)  that  health  is  injuriously  affected.  Mr  Rawlinson  also 
(Report  of  S«wage  Oommittee,  1864,  p.  174,  Question  3997)  states  that  no  great  excess  of  disease 
from  exhalations  was  found  to  exist  on  the  banks  of  the  Medlock.  So  also  the  state  of  the 
Clyde,  which  is  at  the  present  very  bad,  produces  no  effect  whatever  on  health.  (See  Glasgow 
Medical  Joomal  for  Nov.  1868;  also  the  Sewage  Question,  by  Dr  Fergus,  1874,  p.  25.) 
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tbat  the  fevers,  when  they  occurred,  were  much  worse.  Cholera  in  Manchester 
was  severe  along  the  banks  of  some  of  these  streams,  but  that  might  have  been 
from  the  water  being  drunk.  In  1858  also,  Dr  Ord*  observed  that  a  large 
number  of  the  men  employed  on  the  Thames  were  affected  by  the  effluvia ; 
the  symptoms  being  languor  and  depression,  followed  by  nausea  and  headache, 
aching  of  the  eyeballs  and  redness  and  swelling  of  the  throat.  Diarrhoea  was 
rare.  In  1859  these  symptoms  were  not  observed,  though  the  state  of  the 
river  was  worse.     Were  they  then  really  caused  by  the  effluvia  in  1858  ? 

It  is  very  likely  that  the  discrepancy  of  evidence  may  arise  from  the 
amount  of  water  which  dilutes  the  faecal  matter  being  much  greater  in  some 
cases  than  others.  In  the  case  of  the  Thames,  the  dilution  was  after  all  very 
great,  and  this  was  the  case,  in  part  at  any  rate,  in  the  Bi^vre,  as  the  stream 
was  in  some  places  6  and  7  feet  deep.  The  evaporation  from  such  a  body  of 
water,  however  offensive  it  may  be,  must  be  a  very  different  thing  from  the 
effluvia  coming  off  from  the  masses  of  organic  matter  laid  bare  by  the  almost 
complete  drying  up  of  streams  into  which  quantites  of  fsecal  matter  are  poured. 
When  sewage  matter  is  poured  into  the  sea,  and  washed  back  by  the  tide,  it 
may  become  a  source  of  danger.  An  epidemic  of  enteric  fever  occurred  in 
this  way  among  the  recruits  of  the  Eoyal  Marine  Artillery,  who  were  employed 
to  build  a  sea-wall  at  Fort  Cumberland,  to  protect  Langston  Harbour  (near 
Portsmouth).  An  outbreak  took  place,  which  could  not  be  accounted  for  by 
anything  in  the  quarters,  food,  or  water  supply.  The  sewage  of  Portsmouth 
is  pumped  into  the  sea  near  that  spot,  but  the  pumping  ought  to  take  place 
at  ebb-tide  only ;  it  was  found  that  this  rule  had  been  neglected,  and  that  pump- 
ing had  taken  place  during  the  flow,  so  that  the  sewage  was  carried  back  and 
deposited  on  the  mud  where  the  work  was  taking  place.  Out  of  130  recruits, 
4  died,  16  had  distinct  attacks  of  enteric  fever,  and  40  had  milder  attacks  of 
indisposition.  Cases  also  occurred  at  Hilsea  Barracks,  further  up  the 
harbour. 

(g)  Effect  of  Manure  Manufactories. — ^The  manure  manufactories  at  present 
existing  in  tWs  country  do  not  appear  to  produce  any  bad  effects.  They  are 
generally  at  some  little  distance  from  towns,  and  the  effluvia  are  soon  diluted. 
The  Secretary  of  the  Hyde  Manure  Company  informed  me  that  while  the 
works  were  in  operation  no  bad  effects  were  produced.  But  if  situated  in 
towns  they  are  nuisances,  and  may  be  hurtfuL  In  1847  evidence  was  given 
to  show  that  a  manure  manufactory  situated  in  Spitalfields,  and  about 
100  feet  from  the  workhouse,  caused  bad  diarrhoea  whenever  the  wind  blew 
in  that  direction,  and  12  cajses  of  '* spontaneous  gangrene"  (!)  which  had 
appeared  among  children  were  attributed  to  it.  The  cases  of  disease  in  the 
workhouse  infirmary  also  acquired,  it  was  said,  a  malignant  and  intractable 
character.!  In  France  the  workmen  engaged  in  the  making  of  "poudrette  " 
do  not  in  any  way  suffer,  except  from  slight  ophthalmia.  J  Parent-DuchAteletg 
(on  very  slight  evidence  indeed)  thought  the  emanations  were  even  beneficial 
in  some  diseases,  and  Tardieu  seems  inclined  to  support  this  opinion.  The 
Secretary  of  the  Hyde  Manure  Company  informed  me  that  some  of  the  men 
appeared  actually  better  in  health.     When  the  poudrette  is  decomposing,  and 

large  quantities  are  brought  into  small  spaces,  as  on  board  ship,  serious  con- 

-         '' 

*  Trans.  Social  Science  Association,  1859,  p.  571. 

+  Medical  Gazette,  December  1847. 

X  Parent-Duch&telet ;  PatiRRier.  Bee  also  Tardieu,  Diet,  dlfygi^ne,  t.  Iv.  p.  458.  Tardien, 
in  1862,  writes— "We  do  not  hesitate  to  affirm  that  the  exhalations  from  these  manufactories 
(voiries)  exercise  no  injurious  action  either  on  man  or  vegetation.''  But  it  munt  be  remembered 
that  these  places  are  excellently  conducted  ;  ventilation  is  good,  and  the  fsecal  matter  is  ioon 
subjected  to  processes  which  prevent  its  decomposition, 

§  Hyg.  Publique,  t.  U.  p.  276. 
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sequences  may  certainly  result  Parent-DucMtelet  records  two  cases  of  out^ 
breaks  on  board  ships  carrying  poudrette  which,  fermented  on  the  voyage ; 
one  vessel,  the  ^'  Arthur/'  lost  half  her  crew  (number  not  known),  and  the 
rest  were  in  a  state  of  deplorable  health ;  the  men  who  unloaded  the  cargo 
were  also  affected.  The  symptoms  are  not  recorded,  but,  in  a  smaller  vessel, 
where  all  on  board  (5)  were  similarly  affected,  the  disease  put  on  the  appear- 
ance  of  "  an  adynamic  fever/'  There  was  intense  pain  of  ^e  head  and  of  all 
the  limbs,  vomiting,  great  prostration,  and  in  two  cases  great  diarrhoea. 
These  symptoms  are  very  similar  to  those  already  mentioned  as  produced  in 
the  children  at  Clapham  by  the  opening  of  a  privy. 

(h)  The  Air  of  Graveyards. — There  is  some  evidence  that  the  disturbance 
of  even  ancient  places  of  sepulture  may  give  rise  to  disease.  Yicq  d'Azyr 
refers  to  an  epidemic  in  Auvergne  caused  by  the  openiog  of  an  old  cemetery ; 
the  removal  of  the  old  burial-place  of  a  convent  in  Pans  produced  illness  in 
the  inhabitants  of  the  adjoining  house&^  In  India,  the  cantonment  at 
Sukkur  was  placed  on  an  ancient  Mussulman  burial-ground,  and  the  station 
was  most  unhealthy,  f  especially  from  fevers. 

The  effect  of  efduvia  horn,  comparatively  recent  putrefying  human  bodies 
has  been  observed  by  many  writers.  EammazziniJ  states  that  sextons  enter- 
ing places  where  there  are  putrefying  corpses  are  subject  to  malignant  fevers, 
asphyxia,  and  suffocating  catarrhs ;  Fourcroy  remarks  that  there  are  a 
thousand  instances  of  the  pernicious  effects  of  cadaveric  exhalations;  and 
Tardieu§  has  collected  a  very  considerable  number  of  cases,  not  only  of 
asphyxia,  but  of  several  febrile  affections  produced  by  exhumations  and  dis- 
turbance of  bodies.  Mr  Chadwick,||  and  the  Greneral  Board  of  Health,1I  have 
also  summed  up  the  recent  evidence,  which  shows  that  in  churchyards  thickly 
crowded  with  dead,  vapours  are  given  off  which,  if  not  productive  of  any 
specific  disease  yet  increase  the  amount  both  of  sickness  and  mortality.  In 
some  instances,  this  may  be  from  contamination  of  the  drinking  water;  but 
in  other  cases,  as  in  the  houses  bordering  the  old  city  graveyard,  where  the 
water  was  supplied  by  public  companies,  the  air  also  must  have  been  in-fault 
In  the  houses  which  closely  bordered  the  old  city  yards,  which  were  crowded 
with  bodies,  cholera  was  very  fatal  in  1849,"^^  and  I  was  informed  by  some 
practitioners  that  no  cases  recovered.  I  was  also  informed  that  all  other  dis- 
eases in  these  localities  assumed  a  very  violent  and  unfavourable  typ&  Hirt 
says,  on  the  other  hand,  that  when  gravediggers  are  protected  from  the  acute 
effects  of  carbonic  acid  their  calling  is  not  unhealthy. 

(i)  Effluvia  from  Decomposing  Animals, — On  this  point  there  is  some  dis- 
crepancy of  evidence. 

In  1810,  Deyeux,  Parmentier,  and  Pariset,  gave  evidence  to  show  that 
the  workmen  in  knackeries  are  in  no  way  injured.  Parent-Duchfttelet,  from 
his  examination  of  the  health  of  the  men  employed  at  the  knackery  and 
slaughter-house  at  Montfaucon,  came  also  to  the  conclusion  that  their  health 
was  not  affected.  It  should  be  mentioned  that  this  knackery  is  remarkably 
well  placed  for  ventilation,  and  is  excellently  conducted ;  putrid  remains,  in 
the  proper  sense  of  the  word,  do  not  now  exist  in  any  knackery  in  or  near 
Paris ;  the  workmen  are  well  paid  and  well  fed,  and  are  therefore  prepared  to 
bear  tiie  effect  of  any  injurious  effluvia.     It  has  been  stated,  however,  that  in 

•  Tardiett  Diet,  d'Hygidne,  i.  p.  617. 
t  Norman  Chevers,  European  soldiers  in  India,  p.  404. 
1  Maladies  des  Artiaana,  p.  71. 
i  Diet  d*Hygi^ne,  1862,  t  iii.  p.  463,  et  teq. 

I  Beport  on  Intermenta  in  Towns.  If  Report  on  Extramural  Sepaltnre,  1850. 

**  S.  Smith,  and  Sutherland's  Reports  on  Extramural  Interment,  p.  12.  See  also  SutherUnd'a 
Beport  on  Cholera,  1850,  p.  27. 
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the  H6tel  Dien,  the  patients  used  to  suffer  when  the  wind,  loaded  with  effluvia, 
blew  from  Montfaucon  (Henry  Bennet).  Tardieu,  from  a  late  re-examination 
of  the  question,  confirms  Parent's  conclusions,*  except  as  regards  glanders  and 
malignant  pustule,  touching  which  Parent-Duchfttelet's  evidence  was  as  usual 
negative.  Tardieu  (t  iv.  p.  468),  however,  states  that  many  examples  occur 
in  the  French  knackeries  of  the  transmission  of  these  diseases,  though  glanders 
and  farcy  are  less  frequently  caught  in  knackeries  than  in  stables.  "No 
analysis  has  yet  been  made  of  the  air  of  knackeries. 

Parent-DuchHtelett  is  often  also  quoted,  as  having  proved  that  the  exposure 
of  the  remains  of  4000  horses  killed  in  the  battle  of  Paris  in  1814,  produced 
no  bad  effects.  These  horses  were  killed  on  the  30th  March,  and  were  burnt 
on  the  10th  and  12th  of  April  They  gave  out  ''une  odeur  infecte,''  which 
produced  no  bad  results  on  those  who  collected  the  bodies.  Parent-DuchAtelet 
inquired  particidarly  whether  typhus  was  produced  by  the  effluvium,  and 
proved  that  it  was  not ;  a  conclusion  conformable  to  our  present  doctrine. 
He  did  not,  however,  do  more  than  examine  the  registers  of  deaths  for  the 
three  years  before,  during,  and  after  the  battle,  and  found  no  evidence  of 
increased  mortality.  The  utmost  this  observation  shows  is,  that  no  typhus 
was  produced ;  and  that  the  amount  of  decomposition,  caused  by  eleven  days 
of  hot  weather,  did  not  affect  those  concerned  in  collecting  and  burning  the 
bodies. 

On  the  other  hand,  the  experience  of  many  campaigns,  where  soldiers  have 
been  exposed  to  the  products  of  an  advanced  putrefaction  of  horses,  shows 
that  there  is  a  decided  influence  on  health.  Pringle  especially  noticed  this ; 
and  in  many  subsequent  campaigns  this  condition  has  been  one  of  the  causes 
of  insalubrity.  Diarrhoea  and  dysentery  are  the  principal  diseases ;  but  all 
affections  are  increased  in  severity.  At  the  siege  of  Sebastopol,  where,  in  the 
French  camp,  a  great  number  of  bodies  of  horses  lay  putrefying  on  the  ground, 
Beynalt  describes  the  effect  as  disastrous,  and  even  conjectures  that  the  spread 
of  typhus  was  connected  with  this  condition,  though  tins  is  unlikely. 

(k)  Air  of  Brickfields  and  Cement  Works. — ^The  peculiar  smell  of  brick- 
fields cannot  be  owing  to  carbonic  acid,  carbonic  oxide,  or  to  hydrosulphuiic 
acid^  or  sulphurous  acid  (the  gases  evolved  from  the  kilns) ;  but  its  exact 
cause,  I  believe,  is  not  Imown*  The  air,  at  its  exit  from  the  chimney  of 
furnaces  and  kilns,  is  rapidly  fatal ;  but  so  rapid  is  its  ascension,  dilution,  and 
diffusion,  that  at  a  little  distance  it  is  respirable.  In  almost  all  the  actions 
against  the  owners  of  brickfields  nothing  more  than  a  nuisance  has  been  estab- 
lished. The  smoke  and  gases  from  cement  works,  however,  destroy  neighbour- 
ing vegetation.  The  smell  can  be  perceived  for  several  hundred  yards.  §  In 
the  north  of  France  it  is  ordered  that  no  kilns  shall  be  within  50  metres  (54^ 
yards)  of  a  public  road ;  and  the  kilns  are  lighted  only  at  night. 

(/)  Air  of  TallouHfnakerSj  Bonebumers,  <tc. — In  many  trades  of  this  kind 
large  quantities  of  very  disagreeable  animal  vapours  are  produced,  ^which 
spread  for  a  long  distance,  and  are  most  disagreeabla  Although  a  nuisance, 
it  is  difficult  to  bring  forward  positive  evidence  of  insalubrity.  But  the 
odour  is  so  bad  that  in  France  rules  ore  in  force  to  oblige  the  vapours  to  be 
eondensed  or  consumed,  ||  and  if  in  the  process  any  water  is  contaminated 
with  fatty  acids,  it  is  neutralised  with  lime.  M.  Foucon  has  figured  aa 
apparatus  which  completely  bums  the  animal  vapours.1T 

•  Diet.  d'Hygitec.  t  iv.  p.  468.  f  Diet.  d'Hygitoe,  t.  i.  p.  47. 

t  Tardieu.  Diet.  d'Hygitoe,  t.  ii.  p.  221. 
§  At  Soathampton  the  smell  is  perceptible  st  more  tlian  a  mU«i. 
;    II  Vemois,  Hygitee  Indnstrielle.  t.  ii.  p.  60. 
IT  Pappenheim's  Beit  der  Sanitat.  Pot  Heft.  ii. 
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.  (m)  Air  of  Marshes, — It  seems  scarcely  necessary  to  allnde  to  this  point, 
except  to  notice  that,  in  addition  to  paroxysmal  fevers,  it  has  been  supposed 
that  serous  diarrhoea  (a  sort  of  dysenteria  incmenta)  and  true  bloody  dysentery, 
are  produced  by  malaria.  Also  that  there  is  perhaps  some  connection  with 
malaria  and  liver  abscess  (1).  The  breathing  of  marsh  air  also  may  produce 
an  imperfect  condition  of  nutrition,  in  which  enlarged  spleen  plays  a  pro- 
minent part^  and  the  mean  duration  of  life  is  shortened. 

(»)  Unknomn  Conditions  of  the  Atmosphere. — Occasionidly,  outbreaks  of 
disease  occur  from  impurities  of  the  atmosphere,  the  nature  of  which  is  not 
known,  though  the  causes  giving  rise  to  them  may  be  obviouB.  Dr  Majer* 
records  a  case  of  a  school  at  Ulma,  of  sixty  or  seventy  boys,  where  the  greater 
number  were  suddenly  affected,  on  a  warm  day  in  May,  with  similar  symp- 
toms— giddiness,  headache,  nausea,  shivering,  trembling  of  the  limbs,  some- 
times fainting.  The  attack  occurred  again  the  next  day,  and  a  common  cause 
was  certain.  The  room  was  enclosed  by  walla,  in  a  narrow  space,  where  the 
snow  had  lain  all  the  winter ;  the  wall  was  covered  with  fungous  vegetation, 
and  with  salts  from  the  mortar.  From  the  sudden  entrance  of  warm  weather, 
fermentation  had  set  in,  and  a  strong  marshy  smell  was  produced ;  the  sub- 
stances of  whatever  kind  generated  in  this  way  accumulated  in  the  narrow, 
ill-ventilated  space.     Beaioval  to  a  healthier  locality  at  once  cured  the  disease. 

SECTION  III. 
PURIFICATION  OF  THE  AIR  BY  CHEMICAL  METHODS. 

The  great  purifying  actions  of  Nature  are  diffusion,  dilution,  transference 
by  winds,  oxidation,  and  the  fall  of  rain.  In  houses  the  power  of  ventilation 
is  the  only  safe  method,  but  some  effect  can  be  produced  by  chemical  i^ncies 
in  aid  of  ventilation. 

The  foreign  matters  in  the  air,  which  can  be  removed  by  chemical  means, 
are  carbonic  acid,  sulphuretted  hydrogen,  ammonia  (usually  in  the  form  of 
ammonium  sulphide),  and  various  organic  substances,  arising  in  an  infinity  of 
ways,  some  being  odorous,  others  not,  and  of  the  physical  and  chemical  nature 
of  which  little  or  nothing  is  known.  Air  purifiers  are  also  used  to  check  the 
growth  of  fungoid  or  infusorial  organisms.  They  are  used  in  the  form  of 
solids  or  of  liquids,  which  may  absorb  the  substances  from  the  air,  or  of  gases 
wldeh  may  pass  into  the  air,  and  there  act  on  the  gases  or  molecular  impuri- 
tie& 

(a)  Solid  Air  Purifiers. — ^Dried  earth,  quicklime,  charcoal,  and  calcium  and 
magnesium  carbolates  (phenates),  a  mixture  of  hme  and  coal-tar,  are  the  most 
important. 

Of  these  charcoal  is  the  most  effectual  It  presents  an  immense  surface, 
and  has  a  very  extraordinary  power  of  separating  and  absorbing  gases  and 
vapours  from  the  atmosphere  (Sennebier,  quoted  by  Chevallier,  "  Traits  des 
Ddsinfeet"  p.  146,  and  A-  Smith),  and  oxidises  rapidly  almost  every  substance 
capable  of  it  Its  action  is  not  indiscriminate,  but  elective  (A.  Smith)  j  when 
charcoal  which  has  absorbed  oxygen  is  warmed,  it  gives  off  carbonic  acid  (A. 
Smith),  a  proof  of  its  great  oxidising  power.  Exposed  to  the  air  in  bags  or 
shallow  pans,  its  action  is  rapid  and  persistent ;  its  effect  is  especially  marked 
with  sewage  gases,  and  with  the  organic  emanations  in  disease.  It  also  absorbs 
sulphuretted  hydrogen.  Its  power  of  purifying  air  from  organic  emanations  is 
really  great,  and  can  be  employed  in  hospital  wards  with  advantage, 

*  CaiiBtatt's  Jahrasb.  1862,  voL  ii.  p.  ^2. 
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Of  the  different  kinds  of  charcoal,  the  animal  charcoal  has  the  highest  lepnta* 
tion,  and  then  peat.  But  the  carhon  left  in  the  distillation  of  Boghead  ooal 
has  heen  stat^  to  he  even  better  than  animal  charcoal  If  yegetablB  charcoal 
he  used,  it  should  he  rather  finely  powdered  The  disinfecting  qualities  of 
charcoal  on  air  scarcely  lessen  with  time  if  the  charcoal  be  kept  dry.  Charcoal 
filters  to  be  placed  before  the  mouth  have  been  recommended  by  Stenhouse, 
and  might  be  useful  in  cases  of  very  impure  air.  Dried  marly  earth  is  much 
inferior  to  charcoal,  but  stiU  can  be  employed  in  the  absence  of  the  latter. 

Quicklime  absorbs  carbonic  acid,  and  perhaps  compounds  of  sulphur,  and 
has  been  employed  for  that  purpose. 

Lime  and  magnesium  carbolates  have  been  sHao  used ;  their  exact  effect  on 
the  air  passing  over  them  is  not,  I  believe,  known ;  but  as  they  give  off  car- 
bolic acid,  their  action  may  be  chiefly  in  that  way. 

(b)  Liquid  Air  Purifiers, — Solutions  of  potassium  permanganate  (Condy's  red 
fluid),  zinc  chloride,  and  lead  nitrate  are  sometimes  used,  being  either  exposed 
in  flat  dishes,  or  cloths  are  dipped  in  the  solution  and  exposed  to  the  air.  They 
act  only  on  the  air  which  comes  in  contact  with  them,  but  in  that  way  absorb 
a  good  deal  of  impurity.  Condy's  fluid,  when  well  exposed  to  the  air,  seems 
to  have  a  good  purifying  effect,  and  to  lessen  the  close  smell  of  ill-ventilated 
rooms,  and  it  absorbs  sulphuretted  hydrogen,  and  so  will  also  solution  of  nitrate 
of  lead 

Lime  and  soda  chlorides,  nitrous  acid,  solution  of  sulphurous  acid,  py- 
roligneous  acid,  act  on  the  air  chiefly  or  entirely  by  the  gases  which  pass  off 
from  them,  and  their  effects  are  considered  under  that  head 

(c)  Gaseous  Air  Purifiers. — ^The  evolution  of  gases  into  the  air  is  the  most 
powerful  means  of  purifying  it  independent  of  ventilation.  The  principal 
gases  are  ozone,  chlorine,  iodine,  bromine,  nitrous,  sulphurous,  and  hydrochloric 
acid,  carbolic  acid,  tar  fumes,  acetic  acid,  ammonia. 

Ozone, — It  has  been  proposed  to  disengage  ozone  constantly  into  the  air  of 
a  room,  by  heating  a  platinum  wire  by  a  Bunsen  cell :  by  half  immersing  a 
stick  of  phosphorus  in  tepid  water  in  a  wide-mouthed  bottle ;  or  by  mixing 
very  gradually  3  parts  of  strong  sulphuric  acid  and  2  parts  of  permanganate 
of  potassium.  This  last  method  is  that  used  by  Dr  Fox.*  The  amount  of 
ozone  can  be  measured  by  the  common  ozone  pap^,  and  the  stopper  put  in  if 
the  tint  i3  too  deep.  It  is  presumed  it  will  then  act  as  a  powerful  oxidis- 
ing agency,  and  destroy  organic  matter,  as  it  certainly  removes  the  putrid 
effluvia  of  decomposiog  blood  (Wood  and  Eichardson).  It  has  been  much 
used  by  Dr  Moffat  in  cholera  and  cattle  plague. 

Chlorine. — Given  off  from  chlonde  of  lime,  moistened  with  water,  or  with 
dilute  sulphuric  acid,  and  placed  in  shallow  vessels,  or  from  chloride  of  soda, 
or  evolved  at  once.  Four  parts  by  weight  of  strong  hydrochloric  acid  are 
poured  on  one  part  of  powdered  binoxide  of  manganese,  or  four  parts  of 
common  salt  and  one  part  of  binoxide  of  manganese  are  mixed  with  two  parts 
by  weight  of  sulphuric  acid  and  two  of  water,  and  heated  gently.  According 
to  the  size  of  the  room,  the  actual  weight  of  the  substances  taken  must  vary. 
Or  two  table-spoonfuls  of  common  salt,  two  tea-spoonfuls  of  red  lead,  half  a 
wine-glassful  of  sulphuric  acid,  and  a  quart  of  water  are  taken.  Mix  the  lead 
and  salt  with  the  water,  stir  well,  and  add  the  sulphuric  acid  gradually. 
Chlorine  is  evolved,  and  is  absorbed  by  the  water,  from  which  it  is  slowly 
driven  out  It  may  be  kept  in  a  jar  or  stoppered  bottle,  left  open  as  occasion 
may  requiref. 


*  Ozone  and  Antozone,  p.  25. 

t  Medlook's  Record  of  Pharmacy,  and  Therapentics,  185d,  p.  20. 
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Chloiine  decomposes  sulphuietted  hydrogen  and  ammoniam  sulphide  at 
once,  and  moie  oertamly  than  any  other  gas.  It  doubtless  destroys  oiganic 
matter  in  the  air,  as  it  bleaches  organic  pigments,  and  destroys  odours,  either 
by  abstracting  hydrogen,  or  by  indirectly  oxidising.  Euchlorine,  a  mixture 
of  chlorous  acid  and  free  chlorine,  obtained  by  gently  heating  (by  placing 
the  saucer  in  warm  water),  a  mixture  of  strong  hydrochloric  add  and  potassium 
chlorate,  has  been  also  used  instead  of  pure  chlorine.  It  has  been  strongly 
recommended  by  Professor  Stone  of  Manchester,  who  has  devised  a  special 
apparatus  for  its  disengagement  He  also  uses  it  by  placing  fuming  hydro- 
chloric acid  in  a  wine-glass,  and  adding  a  few  grains  of  chlorate  from  time  to 
time.  In  that  way  there  is  no  danger  of  explosion,  as  sometimes  is  the  case 
if  a  large  quantity  of  chlorate  is  warmed  with  hydrochloric  acid  The  odour 
of  euchlorine  is  more  pleasant  than  that  of  chlorine ;  it  acts  as  rapidly  on 
iodide  of  potassium  and  starch  paper,  and  appears  to  have  a  similar  action  on 
oiganic  substances ;  whether  it  is  superior  or  inferior  to  pure  chlorine,  I  do  not 
know,  but  the  ease  of  development  and  its  pleasanter  smell  are  in  its  favour. 

Iodine  can  be  easily  dif^ued  through  the  atmosphere  by  placing  a  small 
quantity  on  a  hot  plate.  Dr  Eichardson  proposes  to  saturate  a  solution  of 
peroxide  of  hydrogen  with  iodine,  and  to  add  2|  per  cent  of  sea-salt ;  by 
^'atomising "  or  " pulverising "  the  fluid  by  the  little  instrument  used  for  this 
purpose,  the  air  can  be  charged  with  iodine  and  sea-salt  spray  very  readily. 
Iodine  will  decompose  SHj,  and  destroys,  therefore,  much  odour.  Its  action 
was  investigated  by  Duroy  in  1854,*  who  showed  that  it  is  a  powerful 
arrester  of  putrefaction.  As  it  condenses  easily,  and  does  not  diffuse  every- 
where like  chlorine,  it  might  be  expected  to  be  less  useful  than  chlorine. 

Bromine, — In  the  American  civil  war  bromine  was  rather  largely  used  as 
an  aerial  disinfectant ;  a  solution  of  bromine  in  bromide  of  potassium  is 
placed  in  saucers  and  exposed  to  the  air ;  the  vapour  is,  however,  very  irrita- 
ting, and  should  not  be  disengaged  in  too  large  an  amount 

Nitrous  Acid  can  be  evolved  by  putting  a  bit  of  copper  in  nitric  acid  and 
a  little  water.  The  nitrogen  dioxide  which  is  given  off  takes  oxygen  from 
the  air,  and  red  fumes,  consisting  chiefly  of  nitrogen  tetroxide  or  nitrous  acid 
(N2O4),  are  formed 

The  oxidising  action  of  nitrous  acid  is  very  great  on  organic  matter.  It 
removes  the  smell  of  the  dead-house  sooner  than  any  other  gas.  It  is  rather 
irritating  to  the  limgs,  and,  in  some  persons,  large  quantities  of  it  cause 
vertigo,  nausea,  and  even  vomiting.  If  possible,  when  it  is  used,  the  rooms 
should  be  cleared ;  if  not,  it  should  be  disengaged  slowly,  which  can  always 
be  done  by  diluting  the  nitric  acid 

The  action  of  nitrous  acid  results  from  the  ease  with  which  it  parts  with 
oxygen  to  any  oxidisable  substance,  being  converted  into  nitrogen  dioxide, 
which  again  at  once  combines  with  atmospheric  oxygen,  and  so  on. 

Sulphurous  Add, — ^Most  easily  evolv^  by  burning  sulphur.  It  decom- 
poses sulphuretted  hydrogen  (SO,  +  2SH2  =  3S  +  SOH,),  and  also  combines 
with  ammonia.  It  has  also  been  supposed  to  act  powerfully  upon  organic 
matter  (Graham),  and  probably  does  so  if  ammonia  is  not  present  Guyton- 
de-Morveau  who  studied  the  action  of  this  acid,  was  of  opinion  that  it  comr 
pletely  disinfects  miasms,  and  gives  some  evidence  on  this  point.  It  must  be 
used  in  large  quantity. 

Hydrochloric  Add.-—ThQ  fumes  of  this  acid  were  used  by  Guyton-de- 
Morveau,  and  at  one  time  they  were  much  employed,  but  the  action  of 
chlorine  is  so  much  mpro  powerful  that  they  are  now  seldom  used. 

•  ClieTallier,  Tnut6  des  reinfect,  p.  19. 
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Carbolic  Acid, — This  substance  is  given  off  when  solid  carbolic  acicl  is 
placed  in  a  saucer,  or  when  the  liquid  acid  and  water  are  sprinkled  about,  or 
still  better,  when  one  part  of  the  acid  and  two  of  ether  are  allowed  to  eva- 
porate. It  is  difficult  to  measure  its  action,  as  it  decomposes  solution  ot 
potassium  permanganate,  which  cannot  therefore  be  used  as  a  measure  of  the 
organic  impurity  of  air  when  carbolic  acid  vapours  are  present 

Dr  Sansom*  has  shown  that  when  the  acid  evaporates,  1  grain  of  carbolic 
acid  is  taken  up,  at  different  temperatures,  by  the  following  amounts  of  air, 
viz.,  by  320'75  cubic  inches  at  50"  Fahr.,  by  159*44  cubic  inches  at  60° 
Fahr.,  and  by  93*75  cubic  inches  at  70"  Fahr.  Vaporizers  for  carbolic  acid 
fumes  have  been  made,  by  means  of  which  carbolic  acid  falls,  drop  by  drop, 
on  a  hot  metal  plate,  f  Br  LangstaffJ  has  invented  a  trough,  containing 
flannel  wetted  with  water  and  carbolic  acid  (1  part  of  acid  and  20  of  water), 
which  is  placed  in  the  inlet  ventilating  tubes ;  he  finds  that  at  a  temperature  of 
57",  four  oimces  of  water  are  taken  up  in  24  hours,  and  this  will  keep  the  air 
of  a  room,  22  feet  x  10  and  11  feet  high,  thoroughly  impregnated  with  the 
odour.  Carbolic  acid  conceals  all  odours,  though  it  will  not  destroy  sulphu- 
retted hydrogen  if  it  exists ;  it  lessens  the  rapidity  of  putrefaction  of  animal 
substances  suspended  in  a  room,  and  they  also  dry  faster,  according  to  Lang- 
staffl  It  also  rapidly  arrests  the  growth  of  fungi,  though  it  will  not  com- 
pletely dest^y  them ;  for  example,  I  put  some  fiesh  feecal  matter,  free  from 
urine,  in  a  bottle,  and  drew  air  washed  in  strong  sulphuric  acid  over  it ; 
fungi  appeared  rapidly  on  the  fsecal  matter.  I  then  passed  air  impregnated 
with  carbolic  acid  over  the  fungi ;  they  become  discoloured,  brownish,  and 
apparently  died ;  but  on  again  substituting  washed  air,  they  revived.  The 
rapid  destruction,  and  the  as  rapid  recovery  and  regrowih,  could  be  repeated 
many  times,  and  showed  that  the  carbolic  acid  air  had  withered  without 
actually  killing  the  fungL 

The  small  growing  cells  suspended  in  the  air  are  also  stopped  in  fheir 
growth  (according  to  Trantman);  and,  in  fact^  the  action  of  carbolic  acid 
may  be  said  to  be  restraint  of  putrefaction  and  limitatioii  of  growth  of  low 
forms  of  aerial  life.§  The  exact  mode  in  winch  it  acts  is  uncertain.  When 
in  some  quantity,  it  coagulates  albomen ;  and  it  has  been  supposed  to  be  in 
tins  way  that  it  sestrains  putrefaction.  f| 

A  mixture  of  1  part  of  carbolic  acid  and  9  of  vinegar,  and  a  little  oamphor, 
has  been  used  as  a  disinfectant  in  cabins  on  board  ship. 

Coal-tar  and  Bitumen  Fumes, — This  is  an  old  plan  much  used  in  the  last 
century ;  the  fumes  contain  carbolic  and  cresylic  acids  with  other  substances, 
and  it  is  presumed  have  the  same  effect  as  carbolic  acid.  The  substance 
employed  by  Siivem,  and  which  has  at  present  some  reputation  in  Gennany, 
owes  its  success  as  an  air-purifier  to  the  fumes  of  coal-tar. 

Vinegar  and  Ammonia,~The  Vapour  of  vinegar  is  an  old  remedy,  and  was 
much  employed  by  Howard  in  the  purification  of  jails ;  the  efficient  agents 
were  probably  heat  and  ventilation,  which  Howard  made  use  of  at  the  same 
time.  The  vinegar  would,  of  course,  neutralise  any  ainmoniacal  vapours 
which  might  be  in  the  air }  whether  its  action  would  extend  beyond  this  is 
doubtfuLU 

*  The  Antiseptic  System,  by  A.  R  Sansom,  M.D.,  1871,  p.  15. 
+  Savory  ana  Moore's  vaporiser  is  figured  by  Sansom. 
i  Hospital  Hygiene,  by  Charles  Langstoff,  M.D.,  1872,  p.  20^ 
§  Lemaire,  Crookes,  Sansom,  and  others. 

II  Varioos  other  hydrocarbons  probably  act  in  the  same  way,  as,  for  instance,  €he  terebene  pro- 
posed by  Dr  Bond  of  Gloucester. 
^  It  may  perhaps  delay  putrefaotiOB  and  the  gvowth  ef  minute  organisms. 
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The  yapoor  of  ammonia  would  not  a  priori  seem  likely  to  be  a  purifier, 
though,  as  it  restrains  decomposition  in  solid  matters,  its  vapour  may  have 
an  effect  in  the  air. 

It  will  be  observed  that  the  chief  gases  attacked  by  the  air-purifiers  are 
sulphuretted  hydrogen  and  ammonium  sulphide,  which  are  easily  destroyed 
by  several  agents,  especially  by  chlorine,  iodine,  and  sulphurous  acid  gas. 

The  opinion  that  the  floating  organic  vapours  or  molecules  of  whatever 
kind  in  ^e  air  are  destroyed  by  the  air-punifiers,  has  been  hitherto  derived 
not  from  direct  quantitative  determination  of  the  organic  matter  before  and 
after  the  action  of  the  purifiers,  but  from  their  influence  on  odours  and  on 
other  oxganic  substances  where  their  action  is  more  easily  followed.  But  the 
analogical  evidence  is  so  strong  that  we  can  have  little  doubt  of  the  reality 
of  the  actioiL 

The  mode  of  action  of  the  air-purifiers  may  be  conceived  to  vary.  Ozone 
and  nitrous  acid  will  directly  oxidise  all  substances  which  can  be  so  acted 
upon.  Chlorine  may  act  by  substitution  for  hydrogen,  or  it  may  take  hydro- 
gen and  oxidise  indirectly  by  liberating  oxygen ;  bromine  and  iodine  may  also 
take  hydrogen  in  the  same  way.  Sulphurous  acid  more  probably  deoxidizes 
and  forms  sulphuric  acid.  In  other  cases,  it  seems  probable  that  neither  sub- 
stitution nor  oxidation  nor  the  reverse  takes  place,  but  that  the  action  is  one 
of  restraint  of  putrefaction  and  of  limitation  of  the  growth  of  cryptogamic  life. 
At  least  this  may  be  infened  from  the  experiments  of  Crookes,  Lemaire,  and 
others  on  the  action  of  carbolic  acid  on  low  forms  of  life  growing  in  liquids. 
In  practically  carrying  out  aerial  purification,  great  care  is  necessary  to  ensure 
that  the  gas  or  vapour  is  diffused  everywhere  through  the  room,  and  that  it  is 
constantly  present  In  a  sick-room  the  vessel  from  which  it  is  disengaged 
should  be  some  little  distance  above  the  bed,  or,  in  some  cases,  underneath  it. 
In  hospitals  with  inlet  tubes,  it  should  be  in  the  inlet  tubes ;  whatever  be  the 
agency,  there  should  be  a  slight  odour  always  perceptible.  In  the  purification 
of  empty  rooms,  all  apertures  should  be  eloe^  (Sbb  chapter  on  Disii^feo 
no5.) 


CHAPTER   III. 
VENTILATION. 

Thb  term  ventilation  is  not  always  used  in  the  same  sense.  £j  some  it  is 
applied  to  the  dilution  and  removal  of  all  impurities  which  can  collect  in  the 
air  of  inhabited  rooms.  The  most  common  causes  of  such  impurities  are  the 
respiration  and  cutaneous  transpiration  of  men,  the  products  of  combustion  of 
lights,  the  effluvia  of  simple  uncleanliness  of  rooms  or  persons,  the  products 
of  the  solid  or  fluid  excreta  retained  in  the  room,  or,  in  hospital,  dischai^es  from 
the  body  or  from  dressings.  In  addition  there  may  be  special  conditions 
which  allow  impure  air  to  flow  into  a  room,  as  from  the  basement  of  a  house^ 
or  from  impurities  outside  a  house. 

It  will  be  desirable,  however,  to  restrict  the  term  ventilation  to  the  removal, 
by  a  stream  of  pure  air,  of  the  pulmonary  and  cutaneous  exhalations  of  men, 
and  of  the  products  of  combustion  of  lights  in  ordinary  dwellings,  to  which 
must  be  added,  in  hospitals,  the  additional  effluvia  which  proceed  from  the 
persons  and  discharges  of  the  sick.  All  other  causes  of  impurity  of  air  ought 
to  be  excluded  by  cleanliness,  proper  removal  of  solid  and  fluid  excreta,  and 
attention  to  the  conditions  surrounding  dwellings.''^ 

The  subject  of  ventilation  may  be  conveniently  considered  under  the  follow- 
ing heads  : — 

1.  The  quantity  of  fresh  air  required  for  the  purposes  defined  above. 

2.  The  mode  in  which  this  quantity  may  be  supplied. 

3.  The  method  of  examining  whether  ventilation  is  sufficient ;  in  other  words, 
whether  the  air  of  inhabited  rooms  is  properly  pure.  This  will  form  the  sub- 
ject of  a  separate  chapter. 

*  Army  RegulcUions  on  Ventilation. — The  Sargeon-Qeneral  or  Deputy-Stuveon-General  or 
Sanitary  Officer  or  Medical  Officer  of  a  Corps  or  Station,  is  directed  by  the  Hospital  Reg^a- 
tions  to  see  that  the  ventilation  of  barracks,  gnard-rooms,  day-rooms,  schools,  reading-rooms, 
cells,  and  hospitals  is  good,  and  that  the  number  of  men  in  any  room  does  not  exceed  the 
regulation  number. 

The  number  of  men  placed  In  a  barrack-room  pr  hospital-ward  is  to  depend  on  the  cubic 
space. 

In  permanent  barracks  a  man  is  allowed'       .        .        600  cubic  feet. 

In  wooden  huts, 400       „ 

In  hospital  wards  at  home, 1200       „ 

,.         „      in  the  tropics,    ....      1500       „ 

In  wooden  hospitsls  at  home 600        „ 

The  number  of  men  in  each  room  is  ordered  to  be  painted  on  the  door. 

Before  temporary  hospitals  are  oivanised,  the  sanitary  or  other  medical  officer  is  to  consider 
and  report  on  the  ventilation  as  well  as  other  things. 

The  sargeon  or  medical  officer  in  charge  of  a  regiment  is  directed  to  visit  "at  frequent 
intervals"  all  barracks,  quarters^  hospitus,  cells,  married  soldiers'  quarters,  to  note  their 
general  sanitary^  condition,  including  ventilation.    He  is  also  to  examine  latrines,  stables,  &c 

On  field  service  and  on  transj^rt  ships  the  same  daties  are  eigoined. 

The  most  constant  attention  is  therefore  ordered  to  be  paid  to  thu  subject. 

With  the  exception  of  ordering  a  certain  cubic  space,  the  Medical  Regulations  do  not  give 
any  spedllc  rules  as  to  the  rate  of  change  of  air,  but  the  Report  of  the  Barrack  Commissioners 
(1861)  orders  that  arrangements  be  made  to  supply  at  least  1200  cubic  feet  per  head  per  booTy 
or,  in  other  worvls,  that  the  600  cubic  feet  of  air  shall  be  changed  twice  in  the  hour. 

In  the  Queen's  Regulations  for  the  Army,  the  ventilation  of  cells,  barracks,  and  transport 
shins  is  also  ordered. 

The  inegaUtions  thus  require  the  medical  officer  to  be  able  to  report  on  the  snffidency  or 
otherwise  of  ventilation ;  or,  in  other  words,  on  the  rate  of  movement,  and  on  the  purity  of 
the  air. 
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SECTION  L 

QUANTITY  OF  AIR  REQUIRED. 

1.  QuanHty  required  to  remove  the  respiratory  impurities  caused  by 

healthy  persons. 

The  impurities  added  to  the  air  by  respiration  have  been  already  enumerated 
(pi  106). 

The  carbonic  acid  which  an  adult  man  adds,  to  the  extent  of  about  -^Vths 
of  a  cubic  foot  in  an  hour,  is  not  within  certain  limits  an  important  impurity, 
but  it  is  practically  in  a  constant  ratio*  with  the  more  important  organic 
matter  of  respiration ;  and,  as  it  is  readily  determined,  it  is  taken  as  a  conve- 
nient index  to  tl\e  amount  of  the  other  impurities.! 

Taking  the  caroonic  acid  as  the  measure  of  the  impurity  of  the  air  vitiated 
by  respiration  (and  by  respiration  alone),^  we  have  to  ask,  What  is  to  be 
considered  the  standsurd  of  purity  of  air  in  dwelling-rooms?  We  cannot 
demand  that  the  air  of  an  inhabited  room  shall  be  absolutely  as  pure  as  the 
outside  air ;  for  nothing  short  of  breathing  in  the  open  air  can  ensure  perfect 
purity  at  every  re8piration.§  In  every  dwelling-room  there  will  be  some  im« 
purity  of  air. 

The  practical  limit  of  purity  will  depend  on  the  cost  which  men  are  willing 
to  pay  for  it  If  cost  is  disregarded,  an  immense  volume  of  air  can  be  supplied 
by  mechanical  contrivances,  but  there  are  comparatively  few  cases  in  which 
this  could  be  allowed. 

Without,  however,  attempting  too  much,  it  may  be  fairly  assumed  that  the 
quantity  of  air  supplied  to  every  inhabited  room  should  be  great  enough  to 
remove  all  sensible  impurity,  so  that  a  person  coming  from  the  external  air 
should  perceive  no  trace  of  odour,  or  difference  between  the  room  and  the  out- 
side air  in  point  of  freshness.  Taking  the  carbonic  acid  as  the  index  of  im- 
purity, it  appears,  from  experiments  made  by  Dr  de  Chaumont  and  myself, 
that  the  organic  impurity  of  the  air  is  not  perceptible  to  the  senses  until  the 
carbonic  acid  {i.e.,  the  initial  and  the  respiratory  carbonic  acid)  rises  to  the 
ratio  of  '6  per  1000  volumes,  or  *0006  in  each  cubic  foot     Occasionally  air 


*  I  aay  it  la  practically  in  a  constant  ratio,  becanse  it  is  so  in  perhaps  99  cases  ont  of  100, 
tlioQgh  tbere  may  be  exceptional  cases  when  the  organic  matter  may  oe  in  excess.  I  think, 
for  adnlt  men,  the  amount  of  -6  cubic  feet  per  hour  is  a  very  close  approximation.  The  most 
perfect  experiment  yet  made  is  by  Pettenkofer,  who  in  a  man  aged  !»,  and  weighing  60  kilo- 
i^nunmes  (—132  lb  avds.),  and  taking  little  muscular  exertion,  found  the  carbonic  acid  in  24 
hoon  amount  to  911*5  grammes,  or  461  litres  at  0*  cent  This  corresponds  to  *68  cubic  foot 
per  hour.  The  actual  amounts  were  0*78  in  the  day  time,  doing  very  little  work ;  and  0*56 
tt  night  in  a  state  of  repose.  This  gives  0*00424  per  lb  of  body-weight  in  repose,  and  0*0059 
ia  very  gentle  exertion.  During  hard  work  the  same  man  evolved  1*52  per  hour,  or  0*015 
per  lb  of  body-weight.  As  we  may,  however,  take  the  average  of  adult  mal&s  (such  as 
soldiers)  at  145  to  150  lb,  the  amount  evolved  in  repose  would  be  from  0*615  to  0*686  per  hour. 
The  assumed  amount  '6,  is  therefore,  for  adult  males,  well  within  the  actual  amount  observed 
in  this  case. 

+  One  of  the  earliest  observers  to  recognise  the  value  of  carbonic  acid  as  an  index  of  purity, 
appears  to  have  been  F.  le  Blanc,  whose  memoir,  R^herches  sur  la  Composition  de  TAir 
Confine  (1842),  is  citedby  General  Af  orin.  He  appears  to  have  had  clearer  notions  as  to  the  amount 
of  air  necessary  than  most  of  his  contemporaries. 

X  This,  of  course,  includes  transpiration,  or  carbonic  acid  exhaled  from  the  person  in  any 
vay ;  but  excludes  all  other  sources,  such  as  lights,  fire,  kc, 

I  ilius  the  carbonic  acid  in  the  air  being  talkeu  at  *04  per  cent.,  and  the  carbonic  acid  of 
respiration  being  placed  at  *6  cubic  feet  in  an  hour,  a  man  placed  in  a  room  of  1000  cubic  feet 
of  air  most  receive  no  less  than  1,000,000  cubic  feet  of  outside  air  in  an  hour  to  reduce  tiie 
eubonic  add  to  the  standard  (nearly  *0401  per  cent.)  of  the  fresh  air. — On  Ventilation  and 
CMe  Spaee.  By  Dr  de  Chaumont,  Assistant  Professor  of  Hygiene,  Army  Medical  SchooL 
Edinburgh  Med.  Jour.  May  1867. 
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Xnay  seem  pure  to  tlie  senses  when  the  carbonic  acid  is  "7  or  even  '8  per  1000 
Yoliimes,  but  the  usual  rule  seems  to  be  that  when  it  exceeds  *6,  the  air  com- 
mences to  become  perceptibly  impure.  When  the  carbonic  acid  reaches  '9  or 
1'  per  1000  volumes,  the  air  is  what  is  called  close  and  fusty:  above  this,  it 
becomes  disagreeable.  In  order  to  perceive  the  smell  of  the  organic  matter, 
the  room  should  be  entered  from  the  fresh  outside  air,  as  after  the  observer 
has  been  a  few  minutes  in  the  room  the  odour  becomes  imperceptible. 

Pettenkof er  has  now  adopted  the  limit  of  '7  measures  of  COg,  and  Degen 
*66  measures  per  1000,  as  the  amount  when  the  organic  matter  simultaneously 
present  becomes  perceptible.  I  would  propose,  then,  to  adopt  the  amount  of 
•6  per  1000  volumes,  or  '0006  per  cubic  foot^  of  total  carbonic  acid  (initial  and 
respiratory)  as  the  limit  of  impurity.  I  admit  that  I  am  not  able  to  show  by  direct 
evidence  that  impurity,  indicated  by  -7  or  '8,  or  even  1  volume  of  carbonic 
acid  per  1000,  and  organic  impurities  in  proportion,  is  injurious  to  health.  We 
possess  no  means  of  testing  the  effects  of  such  small  quantities.  Such  a  standard 
must  be  adopted,  first,  on  the  general  evidence  that  large  aerial  impurities  are 
decidedly  hurtful,  and  that  smaller  amounts  may  be  presumed  to  be  so  in 
proportion,  although  we  cannot  measure  the  action ;  and  secondly,  on  the  fact 
that  we  have  an  obvious  and  simple  measure  in  the  effect  produced  on  the 
senses,  which  gives  us  a  practical  line  of  demarcation  we  could  not  otherwise 
obtain. 

In  a  paper  by  Dr  de  Chaumont^*  it  is  shown,  from  a  large  number  of  observa- 
tions (473  analyses,)  that  the  sense  of  smell  carefully  employed  gives  a  very 
fair  idea  of  the  amount  of  impurity  in  an  air-space.  In  those  experiments  the 
amount  of  carbonic  acid  in  the  external  air  was  determined  at  the  same  time, 
so  that  the  respiratory  impurity  was  accurately  known.  Dividing  the  observa- 
tions into  groups  the  following  results  were  obtained  :-^ 


Mean  CO,  per  1000  vols,  re- 
duced  to  0'  cent  ( -  82-  F. ), 
due  to  respiratory  impnrity. 


1.  Freflh,  or  not 

differing     len- 

siblf  from  the 

outer  dr. 


0-1948 


S.  Rather  clow. 

Organic  matter 

becoming 

perceptible. 


0-4132 


8.  Cloae. 

Organic  matter 

dJaagree^bl^ 


0-6708 


4.  Very  dose. 

Organic  matter  of- 

f  enalTe  and  opprea^ 

sire;  Umltofdlf- 

f erentiati<m  by 
the  aeoset. 


0-9054 


I  mil  I    >       '■■ 


T*"^^^^^^»"~T^"^"~^^ 


It  will  thus  be  seen  that  the  smell  of  organic  matter  is^  on  an  average,  peiv 
ceptible  to  the  sense  of  smeU  when  the  coincident  CO^  due  to  respiratory 
impurity,  reaches  0-1943  per  1000 ;  and  that  when  it  exceeds  0'9054  the  sm^ 
is  no  longer  able  to  detect  shades  of  difference.  AasUming  the  average  ratio 
of  COg  in  external  air  to  be  0-4  per  1000,  the  inferior  limit  will  be  0-5943^ 
or  closely  approaching  0-6  as  above  adopted.  We  may  therefore  take  0*2  per 
1000  in  round  numbers  as  the  maximum  amount  of  respiratory  impurity 
admissible  in  a  properly  ventilated  air-space. 

Adopting,  then,  this  standard  as  the  measure  of  the  permissible  maximum 
of  impurity,  the  next  point  is  the  quantity  of  pure  external  air  which  should 
pass  through  the  air  of  a  room,  vitiated  by  respiration,  per  head  per  hour,  in 
order  to  keep  the  carbonic  acid  at  this  ratio.  The  following  table  gives  the 
answer  to  this  question,  under  difGdrent  conditions  of  cubic  space :— ^ 


«  On  the  Theory  of  Ventilation.    Proceedings  of  the  Roysl  Society  No.  168,  p.  187, 1S75  ttid 
No.  171,  1876. 
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Tabids  to  Ao%o  the  degree  of  Contamination  of  the  Air  {in  terms  of  carhonie  acid)  hy 
Hespiratiany  and  the  amount  of  air  necessary  to  dUvie  to  a  given  stanidard  of  *6  per  1000 
volumes  of  air  J  of  which  *4  is  the  carb :  acid  naturally  eonsting,  and  *2  is  from  respira- 
tion. In  the  tMe  a  deduction  is  made  of  the  initial  *4  volumes  of  carbonic  €tcid  per 
1000,  for  the  sake  of  clearness. 


Amoant  of  cable  space 
(=breathlng  qMCa)  for 
oae  mmn  In  ciU>le  feet. 

lUtio  per  1000  of  oartMOlo 
acid  fipom  respiration  at 
the  end  of  one  hour,  if 

there  haa  been  no  chaage 
of  air. 

Amount  of  air  necessary  to 
dilute  to  standard  of  *9,  or, 

indnding  the  Initial 

carbonic  acid,  of  '6  per  1000 

▼olomes,  during  the  first 

hour. 

Amount  necessary  to 
dilute  to  the  given 

the  first. 

100 

6*00                                 2900 

3000 

200 

3-00 

2800 

8000 

300 

2-00 

2700 

3000 

400 

1-50 

2600 

3000 

600 

1-20 

2500 

3000 

600 

1-00 

2400 

3000 

700 

0-85 

2300 

3000 

800 

075 

2200 

3000 

900 

0-66 

2100 

3000 

1000 

0-60 

2000 

30O0 

As  already  stated,  for  the  sake  of  simplicity,  the  carhonic  acid  naturally  in 

the  air  has  heen  disregarded,  but,  of  coarse,  there  would  be  actually  in  the  air 

*4  volumes  per  1000  more  ^m  this  source.     Thus  in  the  room  of  100  cubic 

feet  there  would  be  at  the  end  of  an  hour  (*04+  '6)  *64  volumes,  or  6*4  per 

1000,  and  in  the  room  of  200  cubic  feet  there  would  be  '34  volumes  per  cent., 

or  3-4  per  1000. 

The  above  table  is    calculated  by  the  following  formula    of    Dr    de 

Chaumont  : — * 

Let  E  be  the  ratio  of  CO^  naturally  in  the  air  (viz.  *0004  per  cubic 

foot); 

/  be  the  additional  ratio  per  cubic  foot  of  air  of  vitiation  by 

respiration  of  one  male  adult  in  an.  hour   (the  average 

being  *6  cubic  foot  of  carbonic  acid) ; 

r  be  the  ratio  per  cubic  foot  of  air  to  which  it  is  desired  / 

should  be  reduced ; 

e  be  the  capacity  in  cubic  feet  of  the  air  space ; 

d  be  the  delivery  of  fresh  air  in  cubic  feet ; 

V  be  the  entire  volume  of  the  air,  viz.,  c  +  d. 

The  formula  is--r 

/  -  R 

"      V  and  V  -  c  ^  d; 


r-  E 


X  c 


OT  V  may  be  eliminated  thus : — 


r  "  r 


X  c 


d; 


r  -  E 

or,  in  other  words,  the  difference  between  the  degree  of  vitiation  and  the 
admissible  limit,  divided  by  the  excess  of  the  admissible  limit  ov^r  the  ratio 
in  the  outer  air,  gives  a  number,  by  which  the  capacity  of  the  air-space  must 
be  multiplied,  in  order  to  find  the  amount  of  fresh  air  required  to  reduce  the 
vitiation  to  the  admissible  limit 

In  the  table  already  given,  as  the  standard  of  practicable  purity  is  taken 
as  -2  per  1000  of  COg  ( « '0002  per  cubic  foot)  from  respiration,  and  this  is 

*  Lancet,  Sept,  1866,  and  Edin.  Med.  Joarnal,  May  1867.  These  papers  can  be  referred  to 
for  aevwal  oaefiil  formniaB.  I  would  also  refer  to  the  JBlue-Book  of  the  Committee  on  the  Cable 
Spaee  of  Metropolitan  Workhouses  (1867),  in  which  will  be  found  several  papers,  especially  on^ 
hf  Professor  Doakin,  in  which  this  subject  is  mathematically  treated. 
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^th  of  6'  (the  ratio  per  1000,  that  is,  of  vitiation  from  respiration  in  the 
room  with  100  cubic  feet),  the  multiplier  is  30 ;  in  the  room  with  200  cubic 
feet  '2  ia  -^th  of  3*  (the  ratio  of  vitiation),  and  the  multiplier  is  15^  and 
so  on. 

The  answer  may  also  be  obtained  by  another  formula  of  Dr  de  Chaumont's. 
Let  e  be  the  assumed  quantity  of  COj  evolved  by  one  individual  per  hour ; 

and  p  be  the  amount  of  respiratory  impurity  per  cubic  foot ;  than  -  ^^  dy  the 

required  delivery  of  air  per  hour  in  cubic  feet     Thus  if  e  be  taken  at  0*6  of 

a  cubic  foot^  and  p  be  the  admissible  limit  of  respiratory  impurity,  namely, 

0-6 
0'0002  per  foot,  then  we  have :  q.aaqo  =  3000  cubic  feet  of  air  per  head  per 

hour  to  keep  the  air  in  the  required  condition.     Conversely  the  formula  may 

be  used  to  find  how  much  air  has  been  delivered  and  utilised  during  the 

period  of  occupation.     Thus,  in  an  experiment  the  amount  of  total  COo  was 

found  to  be  1*1  per  1000,  or  0*0011  per  foot ; — ^the  amount  in  the  open  being 

0*0004  per  foot,  we  have  the  respiratory  impurity  (p)  =  0*0011 -0*0004  = 

0*6 
0*0007 ;  therefore  we  find :  a.aaa7  =  857  cubic  feet  of  air  per  head  per  hour 

as  the  mean  amount  supplied  and  utilised  during  the  period  of  occupation. 

If  the  standard  of  practicable  purity,  viz.,  *6  of  carbonic  acid  per  1000 
volumes  (of  which  '2  is  derived  from  respiration)  is  considered  too  high,  as 
involving  too  great  a  cost,  and  if  *7,  '8,  or  *9  be  taken,  the  amount  of  air 
required  per  h^  per  hour  will  be  2000,  1500,  and  1200  cubic  feet  respec- 
tively. If  the  emission  of  carbonic  acid  is  taken,  not  at  *6  cubic  foot  per 
hour,  but  as  something  less,  as  in  the  case  of  women  and  children,  a  less 
amount  of  air  would  suffice,  and  can  be  calculated  out  at  once  from  the 
formula. 

In  reference  to  a  proposed  standard,  it  is  now  earnestly  to  be  wished  that 
there  should  be  a  general  agreement  among  medical  men  on  the  point ;  and  I 
hope  that  the  reasons  already  assigned  will  be  considered  sufficient  to  warrant 
the  general  adoption  of  '6  per  1000  of  carbonic  acid,  or  rather,  02  per  1000 
of  respiratory  impurity,  as  the  standard  of  permissible  maximum  im- 
purity. 

The  amount  of  fresh  air  thus  determined  by  calculation  is  in  accordance 
with  that  determined  by  actual  experiment  I  have  measured  the  air  passing 
out  of  barracks  and  hospital  wards,  and  found  that  when  1200  or  1400  cubic 
feet  per  head  per  hour  only  were  given,  the  carbonic  acid  reached  '7,  *8,  or  -9 
per  1000  volumes,  and  that  more  than  2000  cubic  feet  were  necessary  to  keep 
the  air  pure  to  the  senses.  Dr  de  Chaumont's  analyses*  agree  closely  with, 
this;  so  also  the  older  experiments  by  Grassi,  in  Paris,  at  Mazas,  and  the 
latter  observations  of  General  Morin,  as  well  as  the  observations  and  calcular> 
tions  -of  others,  all  fairly  agree  in  this  respect 

Greneral  Morin,  f  from  analysis  of  all  the  observations  made  in  Paris,  and. 
from  experiments  of  his  own,  gives  the  following  amounts  : — 

Amount  of  fresh  air  to  be  supplied  per  head  per  hour  in  temperate  climates 
in  the  following  circumstances : — 

In  barracks,  =  30  cubic  metres  by  day  =  1059  cubic  feet ;  60  by  night,  =  2118 
cubic  feet     Workshops,  =  60  cubic  metres  =  2118  cubic  feet     Schools,  =  30 

*  Army  Medical  Department  Reports,  vols.  v.  ▼!.  and  vii. 

+  Rapport  de  la  Commission  sur  ]e  Chauffage  et  la  Ventilation  des  Batimens  dn  Palais  de 
Justice.  Paris,  1860,  The  older  observers  gave  much  smaller  amounts,  but  I  do  not  quoto 
them* 
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cubic  metres  » 1059  cubic  feet  Hospitals, »  80  cubic  metres  day  and  nigbt- 
«2825  cubic  feet  (in  epidemics,  160  cubic  metres).* 

Banke,  in  bis  work  on  Physiology,  f  fixes  tbe  quantity  at  60  cubic  metres 
(2118  cubic  feet)  as  the  necessary  minimum  amount. 

Roth  and  Lext  adopt  the  mayiynum  of  '6  per  1000 ;  but  as  they  estimate 
the  expired  COj  as  20  lifre8,§  or  "706  cubic  feet  (Eng.)  per  hour,  they  give  the 
hourly  quantity  of  air  as  100  cubic  metres,  or  3500  cubic  feet. 

In  mines  which  are  thought  to  be  well  ventilated,  not  less  than  1400  cubic 
feet  are  given  per  head  per  hour,  and  if  there  is  much  fire-damp,  as  much  as 
6000  cubic  feet  have  been  supplied.  ||  A  horse  requires  2450  cubic  feet  per 
hour  at  the  least  Marcker  has  lately  given  the  following  amount  from 
experiments: — ^For  big-  cattle  of  1000  lb  weight,  30-40  cubic  metres 
(=1059-1412  cubic  feet);  for  little  cattle  of  the  small  weight,  40-50  cubic 
metres  (=>  1412—1765  cubic  feet).  These  amounts  seem  very  small,  but 
Marcker^s  reasons  for  not  giving  more  seem  to  be  on  account  of  the  lowering 
.of  tbe  temperature. 

Although,  in  order  to  give  precision  to  the  subject,  it  is  necessary  to 
attempt  to  define  the  minimum  quantity  which  is  necessary,  there  is  no  doubt 
it  is  advantageous  to  have  a  l^er  amount  In  the  case  of  men  in  active 
work  the  amount  of  air  must  must  necessarily  be  larger  than  in  repose.  Even 
assuming  the  erect  instead  of  the  recumbent  position  increases  the  amount  of 
carbonic  acid  given  off.  As  men  in  work  appear  to  give  off  from  0*0060  to 
0-0115  of  a  cubic  foot  of  C02per  Tb  of  body  weight,  according  to  the  hardness 
of  the  work,  it  follows  that,  to  keep  the  air  to  the  adopted  standard  of  purity, 
a  man  weighing  150  lbs  ought  to  have  from  4500  to  8600  cubic  feet  of  fresh 
air  per  hour,  according  to  the  amount  of  work  be  does.  In  short,  wherever 
practicable,  we  should  be  contented  with  nothing  less  than  an  almost  unlimited 
supply. 

2.  On  the  Quantity  of  Air  required  for  lAghtSy  if  the  Air  is  to  he  kept  Pure 

by  Dilution, 

Air  must  be  also  supplied  for  lights  if  the  products  of  combustion  are 
allowed  to  pass  into  the  room.  Wolpert  has  calculated  that,  for  every  cubic 
foot  of  gas,  1800  cubic  feet  of  air  must  be  introduced  to  properly  dilute  the 
products  of  combustion ;  and  this  is  not  too  much  if  we  remember  that  a 
cubic  foot  of  good  coal  gas  produces  about  2  cubic  feet  of  carbonic  acid,  and 
that  sulphuric  acid  and  other  substances  may  be  also  formed.  A  common  gas 
burner  will  bum  nearly  3  feet  per  hour,  and  will  consume  10  or  probably  12 
cubic  feet  in  an  evening  (4  hours),  and  therefore  from  18,000  to  21,600  cubic 
feet  of  air  must  be  introduced  for  this  purpose  alone  in  the  4  hours,  unless  the 
products  of  combustion  are  removed  by  a  special  channel.  The  power 
of  iUumination  being  equal,  gas  does  not  produce  more  carbonic  acid  than 
candles  (Odling),  but  usually  so  much  more  gas  is  burnt  that  the  air  is  much 
more  deteriorated ;  there  is  also  greater  heat  and  moro  watery  vapour.     The 

*  These  amoimte  are  somewhat  modified  in  his  Maxrnal  Pratique  da  Chauffiige  and  de  la 
VentilatioD,  1874.    They  are,  however,  aU  too  low  for  good  rentilation. 

t  Grmidzlikge  der  Phys.,  1868,  p.  876. 

X  Loe.cU.p.  221. 

§  This  amonnt  is  also  adopted  by  General  Morin. 

B  It  has  been  stated,  from  extensive  observations,  that,  in  mines,  if  it  is  wished  to  keep  np 
tbe  greatest  eneigies  of  the  men,  no  less  than  100  cubic  feet  per  man  per  minute  («» 6000  per 
hoar)  mnst  be  given ;  if  the  quantity  is  reduced  to  one-third,  or  even  one-half,  there  is  a  serions 
dbnunition  in  tiie  amount  of  work  done  by  the  men.  This  amonnt  includes,  of  course,  all 
the  air  wanted  in  the  mine  for  horses,  lights,  kc-^Froceedings  of  the  CwU  Engineers,  vol.  zii, 
]ip.  296  and  SOS. 
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products  should  never  be  allowed  to  escape  into  the  air  of  the  room.  Weaver 
has  shown  how  important  a  source  of  impurity  this  is ;  and  the  bad  effects  of 
breathing  the  products  of  gas  combustion  are  well  known. 

A  fi)  of  oil  demands,  for  complete  combustion,  138  cubic  feet  of  air ;  and  to 
keep  the  air  perfectly  pure,  nearly  as  much  air  must  be  introduced  for  1  9>  of 
oil  as  for  10  feet  of  gas.  In  mines,  60  eubic  feet  per  hour  are  allowed  for 
each  light ;  the  lights  generally  are  dim,  and  the  amount  of  combustion  is 
slight ;  but  this  seems  an  extremely  smaU  amount 

If  gas  is  not  burnt  in  a  room,  or  in  a  very  small  amount,  or  if  only  candles 
or  oil  lamps  are  used,  it  is  seldom  necessary  to  take  them  into  account  in  esti- 
mating the  amount  of  air. 

3.  On  the  Quantity  required  for  the  ReapiroHon  and  Dilution  of  the 

Emanations  of  Side  Men, 

With  regard  to  sick  men,  it  is  impossible  to  say  what  quantity  should  be 
given.  In  some  diseases,  so  much  organic  substance  is  thrown  of^  thal^ 
scarcely  any  ventilation  is  sufficient  to.  remove  the  odour.  At  the  Hospital 
Beaujon  in  Paris,  it  was  shown,  as  long  ago  as  1847,  that  60  cubic  metres 
(  =  2116  cubic  feet)  per  head  per  hour  did  not  remove  all  odour  from  the 
surgical  wards  after  dressings.  Grassi*  mentions  that  a  perceptible  odour 
diffused  from  a  case  of  cancerous  ulcer  in  a  ward  in  the  Hdpital  I^ecker  at 
Paris,  although  the  ventilation  at  the  time  was  3600  cubic  feet  per  head  per 
hour ;  but  bad  odour  will  perceptibly  taint  an  hospital  ward  with  a  greater 
allowance  of  air  even  than  this.  Dr  Sankey  found  the  wards  in  the  London 
Fever  Hospital  to  be  not  free  from  odour  when  3720  cubic  feet  per  head  per 
hour  were  passing  in.  In  some  of  the  London  Hospitals  Dr  de  Chaumont 
found  that  there  was  still  a  close  smell  when  5000  cubic  feet  and  even  more 
were  supplied,  but  the  distribution  was  not  perfect  Even  when  3600  feet 
were  supplied  and  utilised  (as  calculated  from  the  COg)  the  ward  was  not  free 
from  smell.  In  his  paper  on  the  "  Theory  of  Ventilation "  (Proceedings  of 
the  Eoyal  Society  loc.  cit.),  he  showed  that  whilst  the  smell  of  organic  matter 
was  still  imperceptible  in  barracks,  among  healthy  men,  when  the  air 
contained  0*208  of  CO^  per  1000,  it  was  quite  distinct  in  hospitals  (among 
ordinary  cases)  when  the  COg  amounted  to  0*166 ;  so  that  if  3000  cubic  feet 
per  hour  be  put  as  a  minimum  in  health,  this  ought  to  be  increased  by  one- 
third,  giving  4000  as  a  minimiiTn  in  sickness  even  of  an  ordinary  character, 
— ^to  be  increased,  of  course,  without  limit  in  cases  of  a  serious  nature.  In 
the  new  Hdtel  Dieu  at  Paris,  it  is  intended  to  give  at  least  100  cubic  metres 
(3500  cubic  feet)  per  head  per  hour ;  but  this  amount  is  not  sufficient  Dr 
Sutherland  believes  that  at  least  4500  cubic  feet  per  head  per  hour  must  be 
allowed  when  there  are  many  bad  cases,  and  especially  surgical  cases  with 
open  wounds ;  and  during  epidemics,  or  when  hospital  gangrene,  pyaemia,  or 
erysipelas  are  spreading,  6000  cubic  feet  at  least  must  be  given ;  or,  in  other 
words,  the  supply  must  be  almost  unlimited.  The  best  surgeons  now  consider 
an  almost  complete  exposure  of  pysBmic  patients  to  the  open  air  the  best  treat- 
ment ;  and  it  is  well  known  that  in  typhus  fever  and  (to  a  less  extent)  la 
typhoid,  and  also  in  smaU-pox  and  plague,  this  complete  exposure  of  patients 
to  air  is  the  first  important  mode  of  treatment,  before  even  diet  and  medicines. 
Even  temperature  must  be  sacrificed  to  a  considerable  extent,  in  order  to 
obtain  fresh  air,  if  a  choice  requires  to  be  made  between  the  two. 

Humidity, — The  condition  of  the  air  as  regards  humidity  is  a  matter  of  some 

^  Etude  Comparative  defl  Deux  Syst^mea  de  Chaoffiige  et  de  Ventilation,  &c.    Par  G,  Grassiy 
56,  p.  12. 
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importance,  but  has  not  hitherto  been  much  considered.  In  Dr  de  Chaumont's 
experiment  the  mean  humidity,  in  rooms  having  less  than  0*2  per  1000  of 
respiratoiy  impurity  (reckoned  as  COg),  was  73  per  cent.,  at  a  temperature  of 
63**  Fahr.     This  might  be  taken,  provisionally,  as  a  standard."^ 


SECTION  n. 

THE  MODE  IN  WHICH  THE  NECESSARY  QUANTITY  OF  FRESH 

AJR  CAN  BE  SUPPLIED. 

This  is  an  engineering  problem,  and  there  can  be  no  doubt  that  in  time  to 
come  it  will  be  as  carefully  considered  by  engineers  as  the  supply  of  water,  or 
the  removal  of  the  solid  and  fluid  excreta.  Ventilation  is,  in  fact,  the 
problem  of  the  removal  of  the  gasiform  excreta  of  the  lungs  and  skin. 

SuB-SsonoN  L — ^Preliminary  Gonbiderationb. 

1.  Cubic  Space,  f — ^A  certain  amount  of  fresh  air  has  to  pass  through  a  given 
air  space  in  a  fixed  time  to  order  to  maintain  a  certain  degree  of  purity ;  the 
amount  has  been  fixed  (page  143)  at  3000  cubic  feet  for  each  adult  healthy 
male  in  an  hour ;  before  considering  the  appliances  for  moving  this  air,  we 
must  consider  what  should  be  the  TniniTnnTn  size  of  the  air  space  for  each 
healthy  male  adult  through  which  the  fresh  air  has  to  pass. 

This  will  entirely  depend  on  the  rate  at  which  air  can  be  taken  through  the 
space  without  the  movement  being  perceptible  or  injurious.  The  size  of  the 
space  is  chiefly  of  consequence,  as  it  aflects  this  condition.  The  larger  the 
air  space  the  less  is  the  necessity  for  the  frequent  renewal  of  air,  and  the  less 
the  chances  of  draught  Thus  a  space  of  100  cubic  feet  must  have  its  air 
changed  thirty  times  in  an  hour,  if  3000  cubic  feet  of  air  are  to  be  given, 
while  a  space  of  1000  cubic  feet  need  only  have  it  changed  three  times  in  an 
hour  for  an  equal  ventilation. 

When  the  most  perfect  mechanical  means  are  employed,  the  air  of  even 
a  small  air  space  can  be  changed  sufficiently  often  without  draught  Thus,  in 
Pettenkofer's  experimental  room  at  Munich,  the  air  space  is  424  cubic  feet, 
and  2640  cubic  feet  can  be  drawn  through  by  a  steam  engine  in  an  hour 
without  perceptible  movement ;  in  other  words,  the  change  is  six  times  per 
hour  nearly.     With  the  best  mechanical  contrivances,  and  with  disregard  of 

*  From  the  state  of  the  air  as  resards  hmnidity,  informatioii  may  sometimes  be  obtained 
which  might  take  the  phioe  of  the  COt  detenninatioii,  in  the  absence  of  means  for  carrying  out 
the  latter.  For  instance,  at  St  Mary's  Hospital  the  air  of  the  wards  was  found  to  have  7o  per 
cent,  of  hmnidity,  or  6*8  per  cabic  foot ;'  to  reduce  it  to  73  per  cent.,  or  5*6  grains  per  cuoie 

foot,  uMle  the  external  air  contained  5*2,  we  should  have  5-5 1  6-^"0^"^*  ^^  ^^  should  re- 
quire to  add  to  the  existing  deUvery  of  air,  at  least  as  much  more  per  hour  as  would  equal  the 
total  cubic  space.  In  the  case  referred  to  this  was  about  2256  cubic  feet.  The  actual  supply 
was  208O,  total  4386  per  head,  or  about  the  Quantity  demanded  for  proper  hospital  ventilation, 
f  For  the  rules  on  the  measurement  of  cuoic  space,  see  the  chapter  on  the  Examination  of 
Air.  In  the  metropolitan  lodging-houses,  30  superficial  and  240  cuoic  feet  are  allowed ;  in  the^ 
iecti<ni-house8  of  the  metropoTitim  police  60  feet  superficial  and  450  cubic  feet  are  given.  The 
Poor-law  Board  allows  300  cubic  feet  for  every  healthy  person  in  dormitories,  and  from  S50 
cubic  feet  and  upwards,  according  to  circumstances,  as  far  as  1200  cubic  feet  for  every  sick 
person.  In  Dublin  an  allowance  of  800  cubic  feet  is  required  in  the  registered  lodging-houses. 
(From  an  excellent  pamphlet,  entitled  Essentials  of  a  Healthy  Dwelling,  p.  13.)  In  the 
PrnsBian  armv  the  allowance  is  496  cubic  feet  (Prussian  measurement,  which  is  nearly  the  same 
u  English),  the  superficial  space  beine  42-46  square  feet ;  in  the  old  Hanoverian  army  the 
calnc  space  was  700  to  800  cubic  feet  (Prussian).  The  London  School  Board  have  given,  in  a 
general  schoolroom,  10  square  feet  per  scholar,  and  in  graded  schools  9  square  feet ;  the  heiglit 
wu  ordered  to  be  13  feet--making  130  and  117  cubic  feet  respectively.    This  seems  very  small. 
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cost,  we  are  tlieTefore  ceriain  that  a  caUc  space  of  424  feet  would 
"be  sufficient,  and  there  ifl  every  probability  that  engineers  could  ventilate  even 
a  smaller  space  without  perceptible  movement 

But  if  the  mechanical  contrivances  are  of  an  inferior  kind,  and  particularly 
if  natural  ventilation  is  used,  the  difficulties  of  ventilating  a  small  space  are 
considerable,  and  are  caused  not  so  much  by  the  rate  of  movement  of  the 
greater  part  of  the  air  in  the  room,  as  by  the  rate  at  the  openings  where  the 
fresh  air  comes  in  very  quickly,  and  causes  currents  in  the  room.  Suppose, 
for  example,  a  space  of  500  cubic  feet  with  a  man  in  it,  who  has  to  be  supplied 
with  3000  cubic  feet  in  an  hour;  if  the  inlet  opening  be  12  square  inches, 
the  rate  of  movement  through  it  would  be  10  feet  per  second,  or  nearly  7 
miles  per  hour ;  if  24  square  inches,  it  would  be  5  feet^  or  about  3*4  miles  per 
hour.  In  either  case,  in  such  a  small  room,  the  air  could  not  be  properly 
distributed  before  reaching  the  person,  and  a  draught  would  be  felt  li 
instead  of  500  cubic  feet  1000  were  given,  the  problem  is  easier,  for  the  small 
current  of  fresh  air  mixing  with  the  larger  volume  of  air  in  the  room  is  more 
easily  broken  up,  and  the  man  being  further  from  the  opening  the  movement 
is  less  felt  The  question,  in  fact,  turns  in  great  measure  on  the  power  of  in- 
troducing the  air  without  draught 

If  the  change  of  air  is  carried  on  by  what  is  termed  natural  ventilation,  and 
under  the  ordinary  conditions  of  this  cUmate,  a  change  of  air  six  times  per  hour, 
as  in  Pettenkofer*s  room,  could  not  be  attempted  Even  five  times  per  hour 
would  be  too  much,  at  least  in  barracks  with  600  cubic  feet  per  head,  the 
rooms  are  cold  and  draughty,  when  anything  approaching  to  3000  cubic  feet 
per  head  per  hour  are  passing  through ;  that  is  a  change  of  five  times  per  hour 
for  each  600  cubic  feet  of  air  sp£U^  A  change  equal  to  four  or  thiee  times 
per  hour  is,  I  believe,  generally  all  that  can  be  borne  under  the  conditions  of 
warming  in  this  country,  and  if  this  be  correct,  from  750  to  1000  cubic  feet 
should  be  the  minimum  allowance  of  the  initial  air  space.* 

With  good  warmii^  and  an  equable  movement  which,  however,  is  not 
always  easy  to  get,  there  might  be  larger  inlets,  and  therefore  more  easy  dis- 
tribution and  a  smaller  air  space  to  begin  witL  If  the  inlets  are  48  square 
inches,  the  rate  through  them  to  supply  a  space  of  500  cubic  feet  with  3000 
cubic  feet  per  hour,  would  be  only  2^  feet  per  second ;  and  if,  as  should  be 
the  case  in  artificial  ventilation,  the  inlet  is  72  or  80  square  inches  in  size,  the 
rate  would  only  be  a  little  over  1 J  foot  per  second,  which  would  be  impercep- 
tible even  at  the  orifice.  But  there  is  an  argument  against  a  small  cubic  space 
even  with  good  mechanical  ventilation,  viz.,  that  if  anything  arrests  the 
mechanism  for  a  time,  the  ratio  of  impurity  ^m  respiration  increases  much 
faster  in  a  smaU  than  in  a  large  space,  f 

*  It  will,  of  oouTse,  be  perceived  that  the  whole  argament  turns  on  the  assumption  of  the 
correctness  of  the  standara  of  practicable  purity,  viz.,  '6  volume  sdf  carbonic  aad  per  1000. 
If  a  less  pure  standard  is  fixed,  the  amount  of  fresh  air  per  hour  would  of  course  be  less ;  but 
I  hope  the  purer  standard  will  bto  adopted. 

t  Experimental  data  on  many  of  these  points  are  still  wanting.  In  prisons,  with  cells  for 
separate  confinement  and  artificial  ventilation,  the  amount  of  space  is  seldom  under  750  to  800 
cuoic  feet,  and  practically  this  is  found  to  be  too  small. 

In  Pentonville  Prison,  on  Jebb's  system,  the  air  was  hardly  ever  changed  three  times  in  the 
hour,  during  mv  experiments,  although  the  cells  are  nearly  800  cubic  feet  in  capacity.  The 
mean  supply  of  air  per  hour- was  about  1050  cubic  feet.  In  Gosport  military  prison,  also  on 
Jebb's  principle  (but  not  perfectly  carried  out),  the  mean  supply  was  about  800  cubic  feet,  but 
the  cells  are  only  about  600  in  capacity.  In  Aldershot  military  prison  (not  on  Jebb's  principle) 
with  cells  about  6(X)  cubic  feet  in  size,  the  mean  supply  was  unaer  500.  And  in  Chatham  oon- 
yict  prison,  where  the  cells  are  only  200,  the  mean  supply  was  about  490.  Wilson  (Hand- 
book of  Hygiene)  appears  to  have  found  the  air  changed  in  the  large  cells  at  Portsmouth  con- 
vict prison  about  8  times  in  the  hour,  and  in  the  small  about  4  times :  tiiis^  however,  is  certainly 
not  the  rule.    (P.  de  C.)  ' 
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The  warmth  of  the  moving  air  influencee  the  sensation  of  the  persons  exy 
posed  to  it  At  a  temperature  of  55°  or  60°,  a  rate  of  1|^  feet  per  second  ( =  1 
mile  per  hour  nearly)  is  not  perceived ;  a  rate  of  2  and  2^  feet  per  second 
(1*4  and  1*7  miles  per  hour)  is  imperceptible  to  some  persons;  3  feet  per 
second  (2  mUes  per  hour  nearly)  is  perceptible  to  most ;  a  rate  of  3|  feet  is 
perceived  by  aU  persons ;  any  greater  speed  than  this  will  give  the  sensation 
of  draught,  especially  if  the  entering  air  be  of  a  different  temperature,  or  moist. 
If  the  air  be  about  70°  Fahr.,  a  rather  greater  velocity  is  not  perceived,  while 
if  it  be  still  higher  (80°  to  90°  Fahr.),  the  movement  becomes  again  moie  per- 
ceptible, and  this  is  also  the  case  if  the  temperature  be  below  40°  Fahr.  If 
the  air  could  be  warmed  to  a  certain  point  in  a  cold  climate,  or  if  the  climate 
be  warm,  there  may  be  a  much  more  rapid  current,  and  consequently  a 
smaller  cubic  space  might  be  given.  The  subject  of  ventilation  is  in  cold 
climates  connected  inseparably  with  that  of  warming,  for  it  is  impossible  to 
have  efficient  ventilation  in  cold  weather  without  warming  the  air.  (See 
chapter  on  Wabming.) 

The  above  remarks  apply  to  adult  males;  for  women  and  children 
it  might  be  considered  that  the  amount  of  fresh  air  and  of  cubic  space 
should  be  less,  as  they  vitiate  the  air  less  than  men.  But  as  the  difference 
between  women  and  men  is  not  great^  and  as  children,  in  proportion  to 
their  size,  undergo  a  more  rapid  tissue  change  than  adults,  it  would  be  the 
safest  course  to  have  the  same  rule  for  all  individuals  of  whatever  age, 
except  the  very  youngest  and  oldest,  who  require  special  conditions  of 
warming.  Some  persons,  however,  class  two  children  as  one  adult ;  but  if 
this  be  adopted,  the  rule  should,  at  any  rate,  be  restricted  to  children  imder 
five  years  old.* 

The  amount  of  cubic  space  thus  assigned  for  healthy  persons  is  far  more 
than  most  people  are  able  to  have ;  in  the  crowded  rooms  of  the  artizan  class^ 
the  average  entire  space  would  probably  be  more  often  200  or  250  cubic  feet 
per  head  than  800.  The  expense  of  the  larger  rooms  would,  it  may  be  f  eared^ 
be  fatal  to  the  chance  of  such  an  ideal  standard  being  generally  carried  out ; 
but,  after  all,  the  question  is,  not  what  is  likely  to  be  done,  but  what  ought 
to  be  done ;  and  it  is  an  encouraging  fact  that  in  most  things  in  this  worlds 
when  a  right  course  is  recognised,  it  is  somehow  or  other  eventually  carried 
out 

So,  in  the  case  of  soldiers,  the  amount  of  authorised  regulation  spax^e 
(600  cubic  feet),  is  below  the  standard  now  given,  but  still  the  space  is 
as  much  as  can  be  demanded  at  present.  It  has  been  found  very 
difficult,  without  incurring  greater  expense  than  the  country  woidd  bear,  to 
give  every  man  even  the  600  cubic  feet,  and  as  soldiers  are  healthy  men,  and 
can  bear  rapid  movement  of  air,  and  as  some  of  the  entering  air  is  warmed 
by  the  barrack  grate,  the  600  cubic  feet  may  possibly  suffice. 

For  sick  persons  the  cubic  space  should  be  more  than  for  healthy  persons* 
We  are  to  remember  that  there  are  other  impurities  besides  those  ansing  from 
respiration  and  transpiration,  and  that  immediate  dilution  and  as  speedy 
removal  as  can  be  managed  are  essential 

Very  much  the  same  considerations  apply  to  sick  as  to  healthy  men,  except 
that  the  allowance  of  air  in  all  cases  of  acute  diseases  must  be  greater ;  and, 
therefore,  especially  if  natural  ventilation  be  employed,  the  cubic  space  has  to 

*  If  any  difference  is  made,  children  ought  to  be  considered  as  evolving  not  less,  than  0'45  of 
a  enbic  foot  of  CO,  per  hour ;  the  amount  0*6  ooght  to  be  retained  for  women,  and  0*7  ought 
to  be  allowed  for  men.    In  this  way  the  minimum  hourly  supply  in  health  in  repose  ought  to  be .; 

For  children,     .        .  2250 ;  for  women  3000 ;  for  men  3500.; 

In  ordinary  sickness,  8400;  „      4000;.  „  5250. 
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1)6  enlarged  also,  to  insure  good  diBtribntion  "without  draught,  for  surface 
chilling  must  be  carefully  avoided. 

Admitting  that  on  an  average  4000  cubic  feet  of  fresh  air  should  be 
supplied,  in  hospitals,  per  patient  per  hour,  and  if  the  change  of  air  is  to  be 
four  or  three  times  per  hour,  as  the  best  rate  of  movement^  the  cubic  space 
must  be  1000  or  1300  cubic  feet  respectively.  A  consideration  of  another 
kind  may  aid  in  determining  the  question  as  regards  sick  men.  In  hospitals 
a  certain  amount  of  floor  space  is  indispensably  necessary ;  first,  for  the  lateral 
separation  of  patients;  secondly,  for  convenience  of  attendance  For  the 
first  object  the  greater  floor  space  the  better  j  and  in  respect  of  the  second,  Dr 
Acland  has  clearly  shown  that  the  miTdmum  floor  space  for  convenient  nursing 
should  be  72  square  feet  per  bed.*  In  a  ward  of  12  feet  in  height  this  would 
give  864  cubic  feet. 

'  Considering,  however,  the  immense  benefit  to  patients  of  pure  air,  and 
the  practical  experience  of  hospital  physicians,  it  is  very  desirable  not  to 
fix  the  floor  and  cubic  space  of  hospital  wards  intended  for  acute  and  surgical 
diseases,  and  for  cases  with  copious  discharges,  at  the  minimum  of  what 
may  suffice.  The  desire  of  most  hospital  physicians  and  surgeons  is  to 
obtain  for  their  patients,  if  they  can,  a  floor  space  of  100  to  120  square  feet, 
and  a  cubic  space  of  1500  to  2000  cubic  feet^  and  I  believe  tluit  this  is 
true  wisdom. 

A  notion  prevails  among  many  people,  that  cubic  space  may  take  the  place 
of  change  of  air, — so  that  if  a  larger  cubic  space  be  given,  a  certain  amount 
of  change  of  air  may  be  dispensed  with,  or  less  fresh  air  be  required.  This 
is  quite  erroneous :  even  the  largest  space  can  only  provide  sufficient  air  for  a 
limited  time,  after  which  the  same  amount  of  fresh  air  must  be  supplied 
hourly,  whether  the  space  be  large  or  small  This  is  shown  by  the  table  on 
page  143.  Even  in  a  space  of  10,000  cubic  feet  per  head  the  Hmit  of 
admissible  impurity  would  be  reached  in  a  little  over  3  hours,  after  which  the 
same  hourly  supply  of  3000  feet  would  be  as  necessary  as  in  a  space  of  100 
cubic  feet-t 

The  amount  of  ventilation  for  animals  has  not  been  experimentally  deter- 
mined to  my  knowledge.  A  horse  is  said  to  require  at  least  2466  cubic  feet 
of  fresh  air  per  hour,  but  he  probably  requires  more,  and  the  analysis  of  the 
air  of  stables  shows  that  the  air  has  frequently  been  very  impure.  |  At 
present,  the  Army  Eegulations  allow,  in  new  stables,  each  horse  1605  cubic 
feet,  and  100  square  feet  of  floor  space  ;§  and  the  means  of  ventilation,  as 
will  be  presently  noticed,  are  ample.  In  the  new  Army  Horse  Infirmaries, 
the  superficial  area  is  to  be  127  square  feet,  and  the  cubic  space  1900  feet 
per  horse. 

*  See  report  of  the  Committee  appointed  to  inquire  into  the  cabic  space  of  Metropolitan 
Workhoiwes,  1867,  p.  12. 

t  For  further  remarks  on  this  point  see  my  Lectures  on  State  Medicine ;  also  Hygiene  in  the 
Sanitary  Record,  1874-5.  In  a  pamphlet  b^  General  Morin,  Note  sur  Tespace  cubique,  &c.,  a 
table  is  given  that  might  be  misleading,  without  explanation.  It  really  shows  the  amount  of 
air  necessary  to  dilute  a  certain  amount  of  impurity  evolved  in  a  certain  cubic  space,  and  is 
similar  to  the  table  given  on  page  143  of  this  work.  For  continuous  ventilation  the  necessary 
supply  in  any  ordinary  space  after  the  first  hour,  is  a  constant  Quantity.    (F.  de  C.) 

%  If  there  is  a  constant  relation  between  weight  and  the  evolution  of  CO^  (as  seems  likely), 
then  a  horse,  weighing  500  lb  would  evolve  per  hour  about  2  cubic  feet  or  ClOj  which  would 
require  10,000  cubic  feet  of  air  to  reduce  to  the  standard  adopted  for  men.  The  supply  above 
named  (2466)  would  reduce  the  impurity  to  from  0*8  to  1*0  per  1000  according  to  the  size  of 
the  animal ;  adding  to  tMs  0*4  for  the  incoming  air,  we  have  1'2  to  1*4  as  the  probable  con- 
dition of  the  air  of  the  stable.  Mtircker  fixes  the  standard  at  2*5  to  3.0  per  1000,  which 
would  argue  a  delivery  of  air  of  only  about  800  to  1000  per  hour,  certainly  too  small. 

§  Report  of  the  Barrack  and  Hospital  Improvement  Commission  on  the  Ventilation  of 
Oavalry  Stables,  1863,  p.  10. 
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In  the  stabled  of  cattle  there  is  often  excessiYe  over-crowding,  and  it  is 
weU-known  that  there  is  a  vast  amount  of  disease  among  them,  which,  how- 
ever, is  seldom  allowed  to  go  far,  as  they  are  sent  to  the  butcher.  Dr  Ballard, 
who  paid  great  attention  to  the  cattle  plague  in  Islington,  recommended  that 
at  least  1000  cubic  feet  should  be  allowed  per  animal 

2.  Source  of  the  air  suppliecL-^Jii  order  that  the  object  of  the  ventilation 
shall  not  be  defeated,  it  is  necessary  that  the  air  entering  a  room  shall  be 
pure.  The  air  must  be  the  pure  external  air,  and  not  be  derived  from  places 
where  it  has  stagnated  and  tuken  up  impurities ;  if  it  is  drawn  along  passages 
or  tubes,  and  through  louvres  or  basements,,  these  should  be  capable  of 
inspection  and  cleansing.  All  air-shafts  should,  if  possible,  be  ^ort  and 
eaalj  cleaned  This  is  an  important  rule,  and  should  lead  to  the  rejection  of 
aU  plans  in  which  the  air-shafts  are  long  and  incapable  of  being  cleaned.  I 
have  seen  several  instances  of  air  being  distributed  by  costly  appliances,  and 
yet  being  drawn  from  an  impure  source,  or  allowed  to  be  contaminated  on  its 
passaga  Instead  of  perforated  bricks,  there  should  be  sliding  panels,  or 
hinged  flaps,  so  that  the  tube  may  be  easily  reached 

3.  Warming  or  cooling  of  the  air. — ^The  air  may  require  to  be  warmed 
to  60"  or  65°  Fahr.,  or  cooled  according  to  the  season  or  locality.  The 
wanning  in  cold  and  temperate  climates  is  a  matter  of  necessity,  as,  if  dis- 
comfort is  caused  by  cold  draughts^  ventilation  openings  are  certain  to  be 
closed 

4.  Distribution. — The  distribution  in  the  rooms  should  be  perfect,  that  is, 
there  should  be  uniform  diffusion  of  the  fresh  air  through  the  rooms.  The 
best  way  of  ascertaining  this  is  to  compare  the  amount  of  air  utilised,  as 
calculated  from  the  observed  COo,  with  the  actual  movement  of  air,  as 
measured  with  the  air-meter.  If  the  distribution  is  good  the  two  quantities 
ought  not  to  differ  materially.  Much  difficulty  is  found  in  properly  managing 
tiiuform  diffusion,  and  it  requires  careful  arrangement  of  the  various  open- 
ings. The  distributing  plaiis  should,  if  possible,  prevent  the  chance  of 
breathed  air  being  lebreathed,  especially  in  hospitals.  As  the  ascent  of  re- 
spired air  is  rapid,  on  account  not  only  of  its  temperature,  but  from  the  force 
with  which  it  is  propelled  upwards,  for  patients  in  bed,  the  point  of  discharge 
should  be  abova 

During  the  last  few  years  it  has  been  argued  that  it  is  better  that  the  foul 
air  should  pass  oflf  below  the  level  of  the  person,  so  that  the  products  of 
respiration  may  be  immediately  drawn  down  below  the  mouth,  and  be  replaced 
by  descending  pure  air.  But  the  resistance  to  be  overcome  in  drawing  down 
the  hot  air  of  respiration  is  so  great  that  there  is  a  considerable  waste  of  power, 
and  the  obstacle  to  the  discharge  is  sometimes  sufficient,  if  the  extracting 
force  be  at  all  lessened,  to  reverse  the  movement,  and  the  fresh  air  forces  its 
way  in  through  the  pipes  intended  for  discharge.  This  plan,  in  fact,  must  be 
considered  a  mistake.  The  true  principle  is  that  stated  long  ago  by  D'Arcet^ 
In  the  case  of  vapours  or  gases  the  proper  place  of  discharge  is  above ;  but 
heavy  powders,  arising  in  certain  arts  or  trades,  and  which  from  their  weight 
rapidly  fall,  are  best  drawn  out  from  below. 

Sub-Sbction  IL — ^Mkans  by  which  Aie  is  set  in  Motion. 

These  are : — 1«^,  the  forces  continually  acting  in  nature,  and  which  produce 
what  has  been  termed  natural  ventilation.  2dy  The  forces  set  in  action  by 
man,  and  which  produce  the  so-caUed  artificial  ventilation* 

The  division  is  convenient,  but  not  strictly  logical,  as  the  forces  which  act 
in  natural  do  so  also  in  artificial  ventilation  to  a  certain  extent 
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ISTatural  Ysntilation — Gbkbral  Statxmentb. 

Three  forces  act  in  natural  Tentilation,  viz.,  diifusion,  windfl,  and  the 
difference  in  weight  of  masses  of  air  of  unequal  temperature. 

1.  DIFFUSION. 

As  every  gas  diffuses  at  a  certain  rate,  viz.,  inversely  as  the  square 
root  of  its  density,  there  is  a  constant  escape  of  any  foreign  gas  into 
the  atmosphere  at  large.  From  every  room  that  is  not  air-tight  Pettenkofer 
and  Eoscoe  have  shown  that  diffusion  occurs  through  brick  and  stone,  and 
Pettenkofer  believes  that  one  of  the  evils  of  a  newly  built  and  damp  house  is 
that  diffusion  cannot  occur  through  its  waUs.  But  the  ordinary  plastered  and 
papered  walls  reduce  diffusion  to  a  most  insigniiicant  amount  Through 
chinks  and  openings  produced  by  imperfect  carpentry  the  air  diffuses  fast, 
and  Eoscoe  found  that  when  he  evolved  carbonic  acid  in  a  room  the  amount 
had  decreased  one-half  &om  that  cause  in  90  minutes. 

The  amount  of  purification  produced  by  diffusion  under  ordinary  circum- 
stances is  shown  by  observation  to  be  insufficient,  and,  in  addition,  organic 
substances,  which  are  not  gaseous,  but  molecular,  are  not  affected  by  it.  As 
a  general  ventilating  power,  it  is  therefore  inadequate. 

2.  THB  AOnOX  OF  THE  WINDS. 

The  wind  acts  as  a  powerful  ventilating  agent,  and  in  various  ways.  If  it 
can  pass  freely  through  a  room,  with  open  doors  and  windows,  the  effect  it 
produces  is  immense.  For  example,  air  moving  only  at  the  rate  of  2  miles 
an  hour  (which  is  almost  imperceptible),  and  allowed  to  pass  freely  through 
a  space  20  feet  wide,  will  change  the  air  of  the  space  528  times  in  one  hour. 
N"o  such  powerful  action  as  this  can  be  obtained  in  any  other  way. 

The  wind  will  pass  through  walls  of  wood  (single-cased),  and  even  of  porous 
bricks  or  stone ;  and  perhaps  this  will  account  for  the  fact  that  such  houses, 
though  cold,  are  healthy  habitations.  By  covering  a  brick  with  wax,  or 
inclosing  a  portion  of  a  brick  wall  in  an  air-tight  box,  Pettenkofer  has  shown 
that  the  force  of  the  breath  will  drive  air  through  the  brick,  and  will  blow 
out  a  candle  on  the  other  side  if  the  current  of  air  be  collected  in  a  small 
channel  The  force  required  to  drive  the  air  through  is,  however,  reaUy  con- 
siderable, as  the  air  in  the  brick  must  be  brought  into  a  state  of  tension. 

Marcker*  has  given  the  following  as  the  amount  of  air  passing  in  one  hour 
through  a  square  metre  of  wall  space,  when  the  difference  of  temperature  is 
1°  C. : — Sandstone,  1*69  j  limestone,  2*32;  brick,  2*83;  tufaceous  limestone, 
3*64 ;  and  loamy  brick,  5*12  cubic  metres  of  air.  The  little  porosity  of  sand- 
stone depends  on  the  amount  of  moisture  it  holds.  The  moisture,  in  fact, 
greatly  influences  the  transit  Plaster,  however,  appears  to  arrest  wind,  if  it 
be  true,  as  stated,  that  in  the  interior  of  some  thick  walls,  after  many  years, 
lime  has  been  found  still  caustic ;  and  Marcker  also  notices  the  obstructive 
effects  of  mortar. 

There  are  two  objections  to  winds  as  ventilating  agents  by  perflation. 

1.  The  air  may  be  stagnant  In  this  country,  and,  indeed,  in  most 
countries,  complete  quiescence  of  the  air  for  more  than  a  few  hours  is  scarcely 
known.  Air  is  called  "  still "  when  it  is  really  moving  1  or  1^  mile  an  hour. 
The  average  annual  movement  of  the  air  in  this  country  is  from  6  to  12  milee 
per  hour ;  but  it  varies,  of  course,  greatly  from  day  to  day,  and  in  different 

*  Untersiich.  Uber  nat  et  ktinstliche  Ventilation.  Oottingen,  1871.  The  ventilation  of 
cattle  stalls  and  stables  is  well  discussed  in  this  book.  The  standard  of  COg  is  fixed  at  2*5  to  3 
per  1000  Yolumes  of  air. 
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places.  The  mean  movement  at  Ketley  (average  of  13  years)  is  about  10^ 
per  hour;  at  Aldershot  it  is  12^  miles  per  hour  (mean  of  5  years.) 

2.  A  much  more  serious  evil  is  the  uncertainty  of  the  movement,  and  the 
difficulty  of  r^ulafcion.  When  the  velocity  reaches  5  or  6  feet  per  second, 
unless  the  air  he  warm,  no  one  wiU  bear  it.  The  wind  is  therefore  excluded, 
or,  if  allowed  to  enter  directly  through  small  openings,  is  badly  distributed. 
Passing  in  with  a  great  velocity,  it  forces  its  way  like  a  foreign  body  through 
the  air  in  the  room,  causing  draughts,  and  escaping,  it  may  be,  by  some 
opening  without  proper  mixing,  I  have  measured  a  current  entering  in  this 
way  for  many  feet 

But  the  wind  acts  in  another  way.  A  moving  body  of  air  sets  in  motion 
all  air  in  its  vicinity.  It  drives  air  before  it,  and,  at  the  same  time,  causes 
a  partial  vacuum  on  either  side  of  its  own  path,  towards  which  all  the  air  in 
the  vicinity  flows  at  angles  more  or  less  approaching  right  angles.  In  this 
way,  a  small  current  moving  at  a  high  velocity  will  set  in  motion  a  large 
body  of  air. 

llie  wind,  therefore^  blowing  over  the  tops  of  chimneys,  causes  a  current  at 
right  angles  to  itself  up  the  chimney,  and  the  unequal  draught  in  furnaces  is 
owing,  in  part^  to  the  variation  in  the  velocity  of  the  wind.  Advantage, 
tiierefore,  can  be  taken  of  this  aspirating  power  of  the  wind  to  cause  a  move- 
ment of  air  up  a  tube.  The  wind,  however,  may  impede  ventilation  by 
obstructing  the  exit  of  air  from  any  particular  opening,  or  by  blowing  down 
a  chimney  or  tube.  This  is,  in  fact,  one  reason  of  the  failure  of  so  many 
systems  of  ventilation ;  they  may  work  well  in  a  still  atmosphere,  but  the 
iomiense  resistcmce  of  the  wind  has  not  been  taken  into  account.  At  3  miles 
an  hour,  the  pressure  of  the  wind  is  f  of  an  ounce  on  each  square  foot ;  it  ia 
1  ounce  at  3^  miles  j  2  ounces  at  5  miles;  4  ounces  at  7  miles;  ^Ib  at  10 
miles;  and  lfi>  at  14  miles.  At  Netley  the  average  pressure  is  a  little  over 
^Ib  per  square  foot 

In  some  systems  of  ventiUition  the  perflating  power  of  the  wind  has  been 
used  as  the  chief  motive  agent  In  Egypt  the  wind  is  allowed  to  blow  in  at 
the  top  of  the  house  through  large  funnels.  This  plan  has  been  in  use  from 
time  immemorial  This  was  the  case  in  Mr  Sylvester's  plan,  which  was  used 
at  Derby  and  Leicester  forty  or  fifty  years  ago.  A  large  cowl,  turning  towards 
the  wind,  was  placed  in  a  covenient  spot  near  the  building  to  be  ventilated — 
a  little  above  the  ground  if  in  the  country,  or  at  some  height  if  in  a  town. 
The  wind  Mowing  down  thd  cowl  passed  through  an  under-ground  channel  to 
the  basement  of  the  house,  and  entered  a  chamber  in  which  was  a  so-caUed 
cockle-stove^  or  calorif ere  of  metal  plates,  or  water  or  steam  pipes,  by  which 
the  air  was  warmed.  It  then  ascended  through  tubes  into  the  rooms  above, 
aui  passed  out  by  a  tube  or  tubes  in  the  roof,  which  were  covered  by  cowls 
turning  from  the  wind  So  that  the  aspiratory  power  of  the  air  was  also 
used.  This  plan  is  extremely  economiceJ,  but  the  movement  of  the  air  is 
unequal,  and  it  iB  difficult  to  regulate  it  It  has  been  proposed  to  place  a  fan 
in  the  tunnel  to  move  the  air  in  periods  of  calm,  and  the  plan  then  becomes 
identical  in  principle,  and  almost  in  detail,  with  the  method  of  Van  Hecke. 

Mr  Ritchie*  has  employed  a  similar  plan  in  the  ventilation  of  a  dwelling- 
houseL  The  air  is  warmed  in  winter  to  about  70"  Fahr. ;  every  room  has  a 
longitudinal  opening  over  each  door,  concealed  by  the  architrave,  and  regulated 
by  valves,  and  through  this  the  warm  air  from  the  staircase  enters  the  rooms, 
and  then  passes  up  the  chimney,  and  up  outlet  air-flues  placed  in  the  walls, 
comjnencing  at  the  ceiling,  and  ending  at  the  wall-heads  under  the  roof. 

*  TrsatiBe  on  Ventaation,  by  Robert  Ritchie,  C.E.,  1862,  p.  89. 
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Dr  Amott  ventilated  the  Field  Lane  Bagged  School  on  thid  principle  mth 
excellent  effect,  as  is  shown  by  the  annexed  cnt  In  this  case,  as  in  all 
others,  the  movement  is  also  in  part  carried  on  by  the  third  cause  of  motion 

^  __  in  air,  viz.,  the  effect  of  unequal 

rrtN  density  of  masses  of  air. 

^j  In  the  ventilation  of  ships,  the 

wind  is  constantly  used;  and  by 
wind-sails  and  tubes  with  cowls 
turning  towards  the  wind,  air  is 
driven  between  decks  and  into  the 
hold« 

In  using  the  wind  in  this  way, 
the  difficulty  is  to  distribute  the  air 
so  that  it  shall  not  cause  draughts. 
This  i»  best  done  by  bending  the 
tubes  at  right  angles  two  or  three 
times,  so  as  to  lessen  the  velocity, 
by  enlarging  the  channel  towards 
the  opening  in  the  interior  of  the 
vessel,  and  by  placing  valves  to  par- 
tially close  the  tubes,  if  necessary, 
and  by  screens  of  wire-gauze.  * 


Fig.  IL 


In  all  cases  in  which  the  air  of  a  room,  as  in  abasement  story,  or  in  the  hold 
of  a  ship  perhaps,  is  likely  to  be  colder  than  the  external  air,  and  when  artificial 
means  of  ventilation  cannot  be  employed,  the  wind  should  be  taken  advantage 
of  as  motive  agent 

The  aspiratory  power  of  the  wind  can  be  secured  by  covering  auMshaftswith 
movable  cowls  turning  from  the  wind,  and  special  forms  of  covering  hereafter 
described,  which  aid  up  currents  and  prevent  down  draughts. 

3.  MOVEMENTS  PRODUOED  BY  UNEQUAL  WEIGHTS  OF  AIB. 

The  wind  itself  is  caused  by  this  power  ;  but  it  is  necessary,  in  discussing 
ventilation,  to  look  upon  this  as  if  it  were  an  independent  force.  If  the  air 
in  a  room  be  heated  by  fire,  or  the  presence  of  men  or  animals,  or  be  made 
moister,  it  endeavours  to  expand ;  and  if  there  be  any  means  for  it  to  escape, 
a  portion  of  it  will  do  so,  and  that  which  remains  will  be  lighter  than  an 
equal  bulk  of  the  colder  air  outside.  The  outer  air  will  then  rush  into  the 
room  by  every  orifice,  until  the  equality  of  weight  outside  and  inside  is  re- 
established. But  as  the  fresh  air  which  comes  in  is  in  its  turn  heated,  the 
movement  is  kept  up  in  a  constant  stream,  cold  air  entering  by  one  set  of 
orifices,  and  hot  air  escaping  by  another. 

We  have  now  to  inquire  how  the  rate  of  this  constant  stream  of  air  may  be 
calculated,  t  The  mode  most  generally  used  is  based  on  two  well-known 
laws :  first,  that  the  velocity  in  feet  per  second  of  falling  bodies  is  equal  to 
(nearly)  8  times  the  square  root  of  the  height  through  which  they  have  fallen ; 

"  »  ■ 

^  As  the  use  of  perforated  ant  plates  and  of  wire-gauze  is  very  cominon  in  ventilation,  it  is 
necessary  to  bear  in  mind  that  these  screens  very  soon  get  clogged  with  dirt.  In  all  cases  they 
should  be  so  arranged  as  to  be  easily  inspected  and  cleaned  ;  and  it  should  be  a  matter  of  routine 
duty  to  see  that  they  are  constantly  kept  dean.  It  should  also  be  understood  that  the  delay  by 
friction  through  the  fine  wire-gauze  is  exceedingly  great.  I  believe  it  is  better  to  avoid  uieir 
use  as  much  as  possible. 

t  Many  of  these  points  are  given  in  Hood's  Treatise  on  Warming  and  Ventihttion,  and  in 
Wolpert  (Principien  der  Vent,  und  Luftheizung),  and  are  also  discussed  in  P^clet  (Traits  de  la 
Chaleur,  8d  edit.),  and  by  General  Morin  (Etudes  sur  la  Ventilation,  Paris.  1868,  t  ii.),  to 
which  reference  is  made  for  those  who  wish  to  enter  into  the  mathematical  part  of  the  inqoiiy. 
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and,  second,  that  fluids  pass  tbiotigli  an  onfice  in  a  partition  with  a  velocity 
equal  to  that  which  a  body  would  attain  in  falling  through  a  height  equal  to 
the  difference  in  depth  of  the  fluid  on  the  two  sides  of  the  partition.*  The 
pressure  of  air  upon  any  surface  may  be  represented  by  the  weight  of  a  column 
of  air  of  uniform  density  of  a  certain  height.  Thus  the  pressure  of  the  atmo- 
sphere at  the  surface  of  the  earth  is  nearly  16Tb  on  the  square  inch,  and  this 
would  be  the  weight  of  a  column  of  air  of  about  5  miles  in  height  Air, 
therefore,  rushes  into  a  vacuum  with  a  velocity  equal  to  that  which  a  heavy 
body  would  acquire  in  falling  from  a  height  of  5  miles,  viz.,  1304  feet  per 
second.  But  i^  instead  of  rushing  into  a  vacuum,  it  rush  into  a  chamber  in 
which  the  air  has  less  pressure  than  outside,  its  velocity  will  be  that  due  to  a 
height  which  represents  the  difference  of  pressure  outside  and  inside.  In 
ordinary  cases  this  difference  of  pressure  cannot  be  obtained  by  direct  observa- 
tion, but  must  be  inferred  from  the  difference  of  temperature  of  the  outer  and 
inner  air.  Air  is  dilated  one  part  in  491  of  its  volume  for  every  degree  of 
Fahrenheit  that  its  temperature  is  raised,  consequently  the  difference  of  pressure 
outside  and  inside  will  be  as  follows : — 

The  height  from  the  aperture  at  which  air  enters  to  that  from  which  it 
escapes,  multiplied  by  the  difference  of  temperature  between  outside  and  inside, 
and  divided  by  491. 

If  the  height  be  20  feet^  and  the  difference  of  temperature  15  degrees,  we 

20  X  15 
lave  the  height  to  produce  velocity  of  inflowing  current  =» — loT"  =^'61  of 

a  foot,  and  the  velocity  =  8  J'^  =  8  x  -781  =  6-248.  This,  however,  is  the 
theoretical  velocity.  In  practice  an  allowance  must  be  made  for  friction 
^^  h  h  ^'  ^^^^  h  according  to  circumstances.  The  diminution  of  velocity 
from  friction  is  in  proportion  to  the  length  of  the  tube,  and  is  inversely  as  the 
diameter.  Eight  angles  greatly  increase  the  friction.!  The  friction  increases 
also  as  the  square  of  the  velocity.  The  deduction  of  Jth  would  leave  4*686 
linear  feet  per  second  as  the  actual  velocity.  If  this  be  multiplied  by  the 
area  of  the  opening,  in  feet,  or  decimals  of  a  foot,^  the  amount  of  air  is  ex- 
pressed in  cubic  feet  per  second,  and  multiplying  by  60  will  give  the  amount 
per  minute. 

A  table  is  given  at  page  178,  in  which  this  calculation  has  been  made  for 
all  probable  temperatures  and  heights ;  but  it  must  be  remembered  that  the 
movement  is  greatly  influenced  by  the  wind. 

This  cause  of  movement  is,  of  course,  constantly  acting  when  the  tempera- 
ture  of  the  air  changes.  It  will  alone  suf&ce  to  ventilate  all  rooms  in  which 
the  air  is  hotter  than  the  external  air,  but  will  not  answer  when  the  air  to  be 
changed  is  equal  in  temperature  to,  or  colder  than,   the  external  air. 

Ab  its  action  is  equable,  imperceptible,  and  continuous,  it  is  the  most  useful 
agency  in  natural  ventilation  in  cold  climates,  in  inhabited  and  warm  rooms ; 
and  in  all  habitations  arrangements  should  be  made  to  allow  it  to  act.  As 
the  action  increases  with  the  difference  of  temperature,  it  is  most  powerful  in 
winter,  when  rooms  are  artificially  warmed,  and  is  least  so,  or  is  quite  arrested 

*  This  is  frequently  called  the  Bnle  of  Montgolfier.  The  formula  ia  v— V2flrH;  g  being 
the  acceleniion  of  velocity  in  eaoh  second,  of  time,  via.,  82*18  feet,  and  H  the  neight  of  the 
descent. 

f  The  friction  caused  by  angles  is  probably  nearly  in  the  proportion  of  i  A,gifi  %  q>  where  9  is 

the  angle  in  the  tube  :  by  this  formula  right  angles  would  cause  a  loss  of  one-half  the  velocity. 
X  It  wiU  be  found  always  easier  to  take  the  area  in  decimals  of  a  foot  instead  of  inches  ;  but 
if  it  be  taken  in  inches,  multiply  the  linear  dischaige  by  the  number  of  square  inches,  and 
divide  hj  14i. 
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in  summer,  or  in  hot  climates,  when  the  internal  and  external  temperaturee 
are  identical 

4.  FBACTIOAL  AFPLIOATION  OF  THE  GENERAL  STATEMENTS  OF  NATURAL 

VENTILATION.* 

1.  No  particular  arrangements  are  necessary  to  allow  diffusion  to  act,  except 
that  there  shall  he  communication  hetween  two  atmospheres. 

2.  To  ohtain  the  perflation  of  the  wind,  windows  should  he  placed,  in  all 
cases  where  it  can  he  managed,  at  opposite  sides  of  a  room.  The  windows  should 
open  at  the  top,  and  in  case  the  wind  has  a  high  velocity,  means  should  he 
taken  to  distribute  it  This  can  he  done  by  sloping  the  window  inwards 
when  it  opens,  or  a  board  may  be  placed  obliquely  upwards  from  the  top  sash 
of  the  window,  when  it  opens  in  the  usual  way ;  then  the  air  striking  against 
the  board  is  thrown  up  towards  the  ceiling.  Or,  wire-gauze  may  cover  the 
space  left  when  the  window  is  open.  The  velocity  of  the  wind  is  checked  by 
the  gauze,  and  the  current  is  minutely  divided. 

Various  plans  have  been  proposed  by  different  persons.  The  panes  of  glass 
may  be  made  double,  spaces  being  left  at  the  bottom  of  the  outside  pane,  and 
at  the  top  of  the  inner  one,  so  that  the  wind  is  obliged  to  pass  up  between 
the  two  panes  before  it  enters  the  room.  Or,  the  lower  sash  being  raised, 
and  a  piece  of  wood  placed  below  it^  the  air  is  ^allowed  to  pass  through  the 
space  left  between  the  upper  and  lower  sashea  Or,  glass  louvres,  which  can 
be  more  or  less  closed,  are  placed  in  one  of  the  panes  of  the  window ;  or  a 
number  of  holes  are  obliquely  bored  through  the  panes,  through  which  the 
air  may  pass  up  towards  the  ceiling  before  it  intermixes  with  the  air  of  the 
room.  In  Lockhead's  ventilator  there  is  a  frame  over  the  glass  louvre,  with 
a  regulator  in  the  centre.  In  Cooper's  ventilator  a  movable  plate  of  glass  can 
be  brought  by  a  movable  handle  over  the  opening. 

StaDard  has  proposed  to  ventilate  workshops  and  factories  by  having  a 
double  ceiling ;  the  lower  ceiling  is  to  be  nmde  of  zinc  or  oiled  paper,  per- 
forated with  very  numerous  small  holes ;  and  the  space  between  the  two 
ceilings  is  to  be  freely  open  to  the  air  on  all  sides ;  thus  there  would  be  almost 
open-air  breathing,  as  the  communication  with  the  external  air  would  be  con- 
stant and  at  all  parts  of  the  room. 

Mr  Potts^  proposes  a  double  cornice,  perforated  through  two  sets  of  holes ; 
the  upper  holes  are  connected  by  means  of  the  upper  tube  of  the  cornice  with 
the  chimney,  the  lower  with  the  outside  air ;  the  fresh  air  is  supposed  to  enter 
the  room,  flow  down  the  walls,  and  be  generally  diffused,  while  the  vitiated 
air  rises  to  the  top,  and  passes  off  through  the  upper  holea  It  is  believed  in 
this  way  that  continual  movement  and  good  distribution  are  secured.  I  have 
not  seen  the  results  of  any  systematic  inquiry,  but  the  plan  has  been  well 
spoken  of  by  some  engineers. 

Besides  windows,  special  openings  may  be  provided  for  the  wind  to  blow 
through,  as  in  the  plans  already  referred  to  of  Mr  Sylvester  and  Dr  Amott 

In  all  warm  climates,  where  no  chill  can  be  produced  by  wind,  it  is  a  good 
plan  to  make  the  walls  entirely  pervious.  Nothing  can  be  better  than  the 
ventilation  of  the  bamboo  matted  houses  in  Burmah.  The  wind  blows 
through  them,  but  is  so  broken  up  into  currents  that  it  is  not  in  the  least 
unpleasant.  Even  in  colder  parts  of  India,  the  upper  parts  of  the  walls  might 
be  made  thus  pervious,  provision  being  made  to  cover  them,  if  necessary,  in 
the  cold  season. 

*  A  very  good  account  of  the  various  plans  in  natural  ventilation  will  be  found  in  Mr 
Edward's  wo&,  *'  On  the  Ventilation  of  Dwelling-houses/'  1868,  in  which  figures  of  the  plana 
are  given. 
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To  obtain  the  full  effect  of  tlie  aapinting  power  of  the  Trind,  chinmeys  or 
yentUating  tubes  should  be  fitted  with  cowls  turning  away  from  the  wind. 
Ihe  cowl  should  be  large,  and  should  expand  greatly  towards  the  end,  ao  as 
to  make  the  calibre  of  the  opening  several  times  greater  than  that  of  the  tube 
(fig.  1 3).  Most  cowls  on  chimneys  are  too  smalL  The  upper  rim  should  also 
project  a  little,  so  as  to  lessen  the  chance  of  rain  getting  in. 

Another  form  of  covering  is  represented  in  fig.  1 2,  and  is  also  drawn  in 
wction  (fig.  14).  Whichever  way  the  wind  blows  it  almost  always  causes  an 
npdraoght;     A  little  lain,  however,  may  possibly  penetrate,  but  otherwise  it 


Kg.  12.  Fig.  IB. 

is  M  good  as  the  cowL  Si  Macdonald's  twin-fan  ventilator  may  be  used  also 
{)ee%  21,  page  164). 

louvred  openings  are  not  nearly  so  good  j  the  aspirating  effect  is  much  less, 
dowu-diaughte  are  common,  and  rain  gets  in.  tS  louvres  are  used,  a  plan 
ioTented  by  Mr  Bitcbie  is  a  good  one.*  Inside  the  louvre  is  a  movable 
cylinder,  turning  with  a  vane ;  on  the  side  apposite  the  wind  is  an  opening 
tboogh  which  the  air  escapes  (fig.  16). 

3.  The  movement  produced  by  the  difference  of  weight  of  unequally  heated 
Wies  of  air  will,  of  course,  go  on  through  open  windows  and  doors,  and 
through  all  the  contrivances  just  mentioned.  But  as  in  cold  climates  windows 
ud  doois  moat  sometimes  be  shut,  no  room  of  any  kind  should  be  without 

*  Fcdrt  (op.  eiLt.L'p.  211)  Sgnna  a  itiitAj  of  cliiiim«7  coverings,  *ud  many  otiun  hai* 
hnpiepond. 
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additional  openings,  which  may  pennit  this  movement  from  unequal  tempera- 
ture to  go  on.  l^e  great  difBiculty  here  is  to  exclude  the  action  of  the  wind ; 
and,  in  fact,  it  is  impossible  to  do  so ;  but,  as  far  as  possible,  the  openings 
should  be  protected  &om  the  perflating  influence  of  the  wind,  so  that  only  its 
aspirating  force  should  be  acting.  They  should  be  capable  of  being  lessened 
in  size,  when  the  difference  of  the  external  and  internal  temperatures  is  great. 
As  long  as  there  are  openings,  movement  will  go  on ;  and  it  does  not  really 
matter,  as  long  as  there  is  proper  distribution,  where  the  air  comes  in  or  goes 
out,  or  whether  its  direction  is  constant  In  fact,  it  scarcely  ever  is  constant^ 
so  liable  is  the  direction  to  be  altered  by  winds,  by  the  action  of  the  sun 
heating  one  side  of  a  room,  by  the  unequid  distribution  of  heat  in  the  room, 
&c  StiU  it  seems  desirable,  as  far  as  it  can  be  done,  to  make  such  arrange- 
ments as  shall  give  the  movement  of  air  a  certain  direction ;  and  therefore,  in 
most  systems,  some  of  the  openings  are  intended  for  the  admission  of  frosh 
air ;  and  are  called  inlet^  entrance,  or  adduction  openings ;  others  are  intended 
for  the  discharge  of  impure  air — and  are  termed  exit,  outlet^  or  abduction 
openings. 

Total  size  of  all  the  special  openings,  whether  intended  for  Inlets  or  Outlets, — 
As  the  movement  of  air  increases  with  temperature,  the  size  of  the  apertures 
can  only  be  flxed  for  a  certain  given  temperature ;  and  as  the  efflux  of  hot  air 
increases  with  the  height  of  the  column  (supposing  the  temperature  is  equal 
throughout),  a  different  size  has  also  to  be  fixed  for  different  heights. 

This  causes  a  difficulty  in  fixing  the  proper  size  for  ventilating  openings  in 
the  case  of  natural  ventilation,  as  the  conditions  are  so  variable.  The 
theoretical  size  for  any  required  change  of  air,  supposing  the  conditions  were 
constant,  may  be  obtained  from  the  table  at  page  178,  which  is  calculated 
from  Montgolfier's  formula,  with  a  deduction  of  \  for  friction* 

Thus,  say  that  the  height  of  the  heated  column  is  20  feet,  and  the  difference 
of  temperature  between  the  air  in  the  room  and  that  outside  is  20°,  the  linear 
rate  of  discharge  as  stated  by  the  table  (allowance  being  made  for  friction)  is 
322  feet  per  minute,  or  19,320  feet  per  hour.  If  the  opening  were  1  square 
foot,  this  would  give  19,320  cubic  feet  per  hour.  But  if  3000  cubic  feet  per 
hour  are  wanted  for  one  man,  the  orifice  of  1  square  foot  or  144  square  inches 
is  too  large,  and  must  be  lessened  in  the  proportion  of  3000  to   19,320, 

3000  X  144      ^^  .    i_      /        J         ^     V    .  ,       , 

— i"9~oo() —  =*  22  square  mches  (round  numbers),  t.e.,  reduced  to  22  square 

inches.     There  must  be  a  corresponding  space  for  entry,  maln'Tig  the  total 
ventilating  opening  44  square  inches. 

To  take  another  example ;  let  us  say  the  heated  column  is  15  feet,  the 
difference  of  temperature  10*,  and  the  required  supply  for  one  man  2000 
cubic  feet  The  table  gives  the  linear  rate  as  197  feet  per  minute,  or  11,820 
per  hour;  an  orifice  of  144  square  inches  would  then  give  11,820,  and  an 

orifice  of  24  square  inches  would  give  2000,  ( —     ^     —  «  24  )  •     But 

\      ll,o20  / 

if  in  the  above  conditions  3000  cubic  feet  hourly  supply  were  wanted,  the 

opening  must  be  36  square  inches.     These  examples  show  how  impossible 

it  is  to  fix  any  size  which  shall  meet  all  conditions,  even  if  the  influence  of 

wind  could  be  completely  excluded,  which  is  impossible.     The  only  way  is 

to  adopt  a  size  which  will  meet  most  cases,  and  supply  means  of  altering  the 

size  according  to  circumstances.     In  this  country,  a  size  of  24  square  inches 

per  head  for  inlet^  and  the  same  for  outlet,  seems  calculated  to  meet  common 

conditions ;  but  arrangements  should  be  made  for  enabling  this  to  be  lessened 

or  closed  in  very  cold  weather,  or  if  the  influence  of  strong  winds  is  too  • 
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mach  felt*  Moreover,  the  size  must  be  in  part  dependent  on  the  size  of  the 
room,  because  in  a  small  room  with  many  people  it  is  impossible  to  have  the 
siase  so  great  as  it  would  be  if  each  person's  space  were  48  square  inches,  unless 
some  portion  of  the  air  were  warmed. 

Belaiive  size  of  the  Inlets  and  Outlets. — It  is  commonly  stated  that,  as  the 
heated  air  expands,  the  outlets  should  be  larger  than  the  inlets,  and  the  great 
disproportions  of  5  to  4  and  10  to  9  have  been  given,  Aj^  however,  the 
average  difference  of  temperature  is  only  about  10°  to  15*"  Fahr.  in  this 
country,  the  disproportion  is  much  too  great,  as  a  cubic  foot  of  air  only 
expands  to  1*020361  cubic  feet  with  an  increase  of  10°.  Even  if  the 
difference  is  30°  Eahr.,  a  cubic  foot  of  air  only  becomes  1*061  cubic  feet, 
which  is  equal  to  an  increase  of  about  -^tL  llie  difference  is  so  slight  that 
it  may  be  neglected,  and  the  inlets  and  outlets  can  be  made  of  the  same  size. 

It  is  desirable  to  make  each  individual  inlet  opening  not  larger  than.  48  to 
60  square  inches  in  area,  or  enough  for  two  or  three  men ;  and  to  make  the 
outlet  not  more  than  one  square  foot,  or  enough  for  six  men.  Distribution  is 
more  certain  with  these  small  openings.  It  must^  however,  be  borne  in  mind, 
that  if  a  calculation  is  made  for  a  single  opening  of  a  certain  size,  dividing  it 
into  a  number  of  smaller  openings  causes  a  great  loss  by  increasing  the  friction. 
This  loss  \a  in  the  ratio  of  the  square  roots  of  the  respective  areas.  Propor- 
tionate allowance  must  of  course  be  made.! 

Position  and  Description  of  the  Inlet  and  Outlet  Tubes, — 1.  Inlets, — The 
air  must  be  taken  from  a  pure  source,  and  there  must  be  no  chance  of  any 
effluvia  passing  in.  As  a  rule,  the  inlet  tubes  should  be  short,  and  so  made 
as  to  be  easily  cleaned,  otherwise  dirt  lodges,  and  the  air  becomes  impure. 
Inlets  should  not  be  laige  and  single,  but  rather  numerous  and  smaU  (from  48 
to  60  inches  superficial),  so  that  the  air  may  be  properly  distributed.  They 
should  be  conical  or  trumpet-shaped  where  they  enter  the  room,  as  the  entering 
air,  after  perhaps  a  slight  contraction,  spreads  out  fan-like,  and  a  slight  back- 
current  from  the  room  down  the  sides  of  the  funnel  facilitates  the  niiYiTig  of 


*  The  foUowin^  formala  proposed  by  Dr  de  Chanmont  can  be  used  instead  of  the  table  at  page 
I78l  No  ooTTection  is  made  for  friction,  and  therofore  the  8i2es  should  be  increased  in  the  pro- 
portion  of  8  to  4  if  the  outlets  are  long.  It  is  based  on  Montgolfier's  formula,  with  the  dischai-ge 
calculated  for  the  hour  and  for  square  inches,  instead  of  for  the  minute  and  the  linear  discharge, 
as  in  the  table. 

Let  A  be  the  height  of  the  heated  column  of  air ;  t  its  temperature  ;  f  the  temperature 
of  the  external  air ;  -002  the  ratio  of  expansion  of  air  for  each  degree  of  Fahr. ;  and  100  a  con- 
stant Let  D  be  the  deliyery  requirea  per  hour,  and  «  the  total  inlet  and  outlet  area  in 
square  inches.    Then  to  find  4  : 


°         -♦ 


100(VA(<-0  X  -200) 


Example  :  Snppose,  as  in  the  text,  that  the  heated  column  be  20  feet,  its  mean  temperatuie 
(K^,  and  that  of  the  outer  air  46°,  and  the  required  deUvery  be  3000  cubic  per  hour.; 


3000 

-83*5 


100  (V  20  (65"  -  45")  X  -002) 

square  inches  for  inlet  or  outlet,  or  1676  for  inlet  alone.  Increasing  this  on  the  supposition 
that  a  quarter  of  the  Telocity  is  destroyed  by  passage  through  a  long  tube,  the  siae  ofthe  inlet 
opening  wiU  be  22  square  inches  (round  numbers). 

A  converse  formula  by  Dr  de  Cl^aumont  may  be  also  usefbl.  If  the  area  of  the  inlet  openine 
(♦0  is  known,  to  find  the  delivery  per  hour  under  conditions  A,  t,  and  tf. 

200  (VA(<-<')  X  -OOS)  ♦»  -  D. 

Tlie  constant  200  is  obtained  by  multiplying  8600  (seconds  per  hour)  by  twice  the  square  root 
of  16-00  ( -  8  nearly),  and  dividing  by  144  square  inches.  By  halving  this  constant  we  get  the 
number  for  both  inlet  and  outlet  together. 

•f  Thus  if  we  divide  an  opening  into  four  parts,  we  shall'get  only  one-half  as  much  air  throufrh 
tile  four  openings  as  we  got  through  the  single  opening ;  so  that  to  get  the  same  amount  with 
diviiioii,  each  part  must  be  equal  to  half  the  original  opening. 
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the  entering  air  with  that  of  the  room.  To  lessen  the  risk  of  immediate 
down-draught  they  should  turn  upwards,  if  they  are  placed  above  the  heads 
of  the  persons.  Externally  the  inlets  should  be  partly  protected  from  the 
wind ;  otherwise  the  wind  blows  through  them  too  rapidly,  and,  if  the  current 
be  strong,  draughts  are  felt;  an  overhanging  shelf  or  hood  outside  will 
answer  pretty  welL  Valves  must  be  provided  to  partially  close  the  openings 
if  the  wind  blows  in  too  strongly,  or  if  the  change  of  air  is  too  rapid  in  cold 
weather.     If  covered  with  wire-gauze,  it  must  be  frequently  cleaned. 

Sometimes  an  inlet  tube  must  be  carried  some  distance  to  an  inner  room, 
or  to  the  opposite  side  of  a  large  room  which  is  unprovided  with  crosa-ventila- 
tion.  In  tins  case  the  heat  of  the  room  so  warms  the  tube  that  the  wind 
may  be  permitted  to  blow  through  it. 

The  position  of  the  inlets  is  a  matter  of  some  difficulty.  If  there  are 
several,  they  should  be,  of  course,  equally  distributed  through  the  room,  so 
as  to  insure  proper  Tniving  of  the  air.  Thej  should  not,  however,  be  placed 
too  near  an  outlet,  or  the  fresh  air  may  at  once  escape ;  theoretically,  their 
proper  place  of  entrance  is  at  the  bottom  of  the  room,  but  if  so,  the  air  must 
in  this  climate  be  warmed ;  no  person  can  bear  the  cold  air  flowing  to  and 
chilling  the  feet     The  air  can  be  warmed  easily  in  various  ways,  viz : — 

(a.)  The  air  may  pass  through  boxes  containing  coils  of  hot-water  pipes, 
or  (in  factories)  of  steam  pipes.  This  is  the  best  mode  of  warming.  The 
colLb  may  be  close  to  the  outside  waU,  or  in  the  centre,  or  in  hospitals  in  boxes 
under  the  beds,  communicating  with  the  exterior  air,  and  opening  into 
the  ward. 

(b,)  The  air  may  pass  into  air-chambers  behind  or  round  grates  and  stoves, 
and  be  there  warmed,  as  in  the  present  barrack  and  hospital  grate,  contrived 
by  Captain  Galton ;  or  as  in  the  Meissner  or  Bohm  stoves  of  Germany ;  *  or 
as  in  the  terra  cotta  stove,  in  the  Herbert  Hospital  at  Woolwich.  (See 
Wakming.) 

If  the  air  cannot  be  warmed,  it  must  not  be  admitted  at  the  bottom  of  the 
room;  it  must  be  let  in  above,  about  9  or  10  feet  from  the  floor,  and  be 
directed  towards  the  ceiling,  so  that  it  may  pass  up  and  then  fall  and  mix 
gradually  with  the  air  of  the  room.  The  Beurrack  Commissioners  have  adopted 
this  plan  with  half  the  fresh  air  brought  into  a  barrack-room.  The  other 
half  is  warmed.     It  answers  very  welL 

In  towns  or  manufacturing  diistricts  the  air  is  so  loaded  with  particles  of 
coal,  or,  it  may  be,  other  powders,  that  it  must  be  Altered.  Nothing  answers 
better  for  this  thsoi  muslin  or  thin  porous  flannel,  or  paperhangers^  canvas, 
spread  over  the  opening,  which  then  should  be  made  larger.  This  covering 
can  be  moistened  if  the  incoming  air  be  too  dry. 

The  tubes  proposed  by  Mr  Tobin  of  Leeds  provide  for  the  introduction  of 
air  from  the  outside  at  the  floor  level  and  then  up  a  vertical  tube,  about  4  feet  in 
height ;  this  gives  a  vertical  direction  to  the  current,  which  is  retained  for 
several  feet  further  before  it  begins  to  spread  and  descend.  The  action  of 'such 
a  tube  is,  of  course,  much  affected  by  the  direction  of  the  wind,  and  in  some 
instances  it  is  reversed  altogether.  The  method  is,  however,  useful  in  some 
cases,  particularly  for  introducing  air  into  places  which  could  only  be  reached 
with  difficulty  by  other  means.  It  has  been  tried  on  a  laige  scale  at  St 
Mary's  Hospital,  Paddington,  with  fair  success,  f  In  some  forms  (as  made  by 
the  Sanitary  Engineering  Company),  there  is  an  arrangement  for  washing  the  air 

*■  The  Gennaiu  appear  to  he  now  making  great  nee  of  these  ventilating  stores  in  hospitals^ 
and  even  in  private  nooses.    For  a  good  aoconnt^  see  Both  and  Lex,  L  c  p.  248^  et  aeq,      __^ 
t  See  Dr  de  Chanmont's  Report  op.  eU, 
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and  arreeting  impuritiee.  A  somewhat  aimilar  vertical  tube  is  adrertised  hy 
Meesis  ShUIitoe  and  Shoitland  of  Mandiestei.  A  modification  for  bedrooms 
and  other  rooms  in  private  housee  is 

also  suggested  by  Mr  Tobin,  viz.,  to  * — .  _ 

cut  out  alita  between  the  saahes  oi  *''* —  *-^ 

the  windows,  so  that  the  air  enters  '  *^ 

vertically,  even  when  the  window  is 
shut  This  is  similar  in  principle 
to  other  modifications  of  window 
ventilation  already  referred  to,  but 
it  is  only  adapted  for  comparatively 
small  rooms,  and  is  quite  inappli- 
cable to  a  hospital  ward  or  the  like. 

2.  OuJie/g.— The  place  for  the 
outlets  is  a  most  important  con- 
sideration, as  it  will  determine  in 
great  measure  the  position  of  the 
inlets.  If  there  are  no  means  of 
heating  the  air  passing  through 
them,  they  should  be  at  the  top  of 
the  room ;  if  there  are  means  of 
heating  them,  they  may  he  at  any 
point  If  not  arttficiidly  warmed, 
the  highest  outlet  tube  is  usually 
the  point  of  greatest  discharge,  and 
sometimes  the  only  one. 

(a)  Outlet  Tabes  mtkaut  Artifi- 
cial Heat. — They  should  be  placed 
at  the  highest  point  of  the  room ; 
should  be  inclosed  as  far  as  possi- 
ble within  walla,  so  as  to  prevent 

the  air  being  cooled ;   should  he  Fig.  10.— Vertical  inlet  tnbe, 

straight  and  with  perfectly  smooth 

internal  surfacee,  so  that  friction  may  be  reduced  to  a  minimum.  In 
shape  they  may  be  round  or  square^  and  they  must  be  covered  above  with . 
some  apparatus  (the  cowl,  hexagon  tube,  &c),  which  may  aid  the  aspirating 
power  of  the  wind,  and  prevent  tjie  passage  of  rain  into  the  shaft  The  louvred 
openings  are  not  the  best. 

The  causes  of  down-draught  and  down-gusts  in  outlet  tubes  are  these,  the 
wind  forces  down  the  air  ;  rain  gets  in,  and,  by  evaporation,  so  cools  the  air 
that  it  becomes  heavier  than  the  air  in  the  room ;  or  the  air  hecomes  too  much 
cooled  by  passage  through  an  exposed  tube,  so  that  it  cannot  overcome  the 
weight  of  the  superincumbent  atmosphere ;  or  another  outlet  shafts  with  greater 
discharge,  reverses  the  current 

Arrangements  should  be  made  to  distribute  the  down-draught,  if  it  occurs ; 
flanges  placed  at  some  little  distance  below,  so  as  to  throw  the  air  upwards 
■gun  before  it  mixee  with  the  air  of  the  room,  or  simple  contrivances  of  a  aimilar 
Und,  may  be  used.  Valves  should  be  also  fixed  to  lessen  the  area  of  the  out- 
let when  necessary.  If  there  are  several  outlet  tubes  in  a  room,  all  should 
commence  at  the  same  distance  from  the  floor,  be  of  the  same  height  (or  the 
discharge  will  be  unequal),  and  have  the  same  exposure  to  sun  and  wind. 

Simple  ridge  openings  may  be  used  in  one^toried  buildings  with  slanting 
mofs ;  they  ventilate  most  thoroughly,  hut  snow  sometimes  drifts  in.  Rain 
may  be  prevented  entering  by  carrying  down  the  sides  of  the  overhanging 
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ridge  for  vouiB  Jitde  difltanee.  A  fiange  placed  some  little  diitance  below  will 
throw  any  down-draught  towards  the  walls. 

(6)  Outlets  unth  Artificial  Warmth, — ^The  dischaigeof  onUets  is  much  more 
certain  and  constant  if  the  air  can  be  warmed.  The  chimney  with  open  fire  is 
an  excellent  outlet — so  good  that  in  dwelling-houses,  if  there  are  proper  inlets, 
no  other  outlet  need  be  made.  When  rooms  are  large,  and  more  crowded^ 
other  outlets  are  necessary ;  the  heat  of  the  fire  may  be  farther  utilised  by 
shafts  round  the  chimney,  opening  at  the  top  of  the  room,  or,  in  other  words, 
by  surrounding  the  smoke-flue  with  foul-air  shafts. 

Gas,  if  used,  should  in  all  cases  be  made  to  warm  an  outlet  tube,  both  to 
carry  off  the  products  of  combustion,  and  to  utilise  its  heat  The  best  arrange- 
ment appears  to  be  to  place  over  the  gas-jet  a  pipe  to  carry  off  the  products  of 
combustion,  and  to  case  the  pipe  itself  with  a  tube,  the  opening  of  which  is 
at  the  ceiling ;  the  tube  carrying  o£f  the  gas  products  is  hot  enough  to  cause  a 
Tery  considerable  draught  in  its  casing,  and  thus  two  outlet  currents  are  in 
action,  one  over  the  gas,  and  one  from  the  ceiling  round  the  gas-tube.  A 
modification  of  the  lunp  proposed  in  1846  by  Mr  Eutter  answers  yery  well, 
aud  is  now  coming  into  use,  as  arranged  by  Mr  Rickett& 

In  various  other  ways  the  heat  of  fire  and  lights  may  be  taken  advantage  of. 

There  will  be  seldom  any  difficulty  in  arranging  the  inlets  and  outlets,  and 
in  obtaining  a  satisfactory  result,  if  these  principles  are  bom  in  mind,  viz.,  to 
have  the  fiesh  air  pure,  to  distribute  it  properly,  and  to  adopt  every  means  of 
securing  the  outlets  from  cold  or  of  artificially  warming  them^  and  of  distribut- 
ing the  air,  which,  in  spite  of  all  precautions,  will  occasionally  pass  down  them. 

In  hot  climates,  when  outlet  shafts  are  run  up  above  the  general  level  of 
the  boilding,  it  would  be  of  advantage  to  make  them  of  brick  work,  and  to 
colour  them  black,  so  that  they  may  absorb  and  retain  heat 

5.  PLANS  OF  TUBES  AND  SHAFTS  WHICH  HAVE  BEEN  PROPOSED. 

In  most  of  the  plans  which  have  been  proposed,  the  inventors  have  not  dis- 
tinctly seen  that  the  influence  of  the  winds  and  of  the  movement  of  air  pro- 
duced by  unequal  temperatures  must  be  carefully  distinguished,  and,  as  far  as 
can  be  done,  provided  for. 

1.  Openings  at  once  to  the  Outer  Air  for  Inlets^  the  Chimney  being  relied  an 
far  the  Outlets  or  Special  Tubes  fixed  in, — Perforated  or  air  bricks  are  let  into 
the  walls.  A  usual  sise  is  9  x  3  inches,  and  the  united  area  of  all  the  several 
openings  in  one  brick  is  about  1 1^  square  inchea  Another  common  size  is 
10x6  inches,  with  an  open  area  of  about  24  square  inches.  The  wind  blows 
freely  through  them,  and  draughts  are  produced. 

The  Sheringham  valve  is  a  great  improvement  on  this;  the  air  passes 
through  a  perforated  brick  or  iron  plate,  and  is  then  directed  upwards  by  a 

valved  opening,  which  can  be  closed,  if  necessary, 

by  a  balanced  weight  (fig.  17).     The  size  of  the  in- 

W^  temal  opening  is,  in  the  usual-sized-valve,  9  inches 

I     by  3,  and  the  area  is  27  inches.     These  valves  are 

^Ci^^BB     visually  placed  towards  the  upper  part  of  the  room. 
..^.t^n     The  wind  blows  through  theni,  and  the  movement 
is  therefore  variable.      They  are  often  outlets;  it 
Fig*  17.  -vfill,  in  fact^  depend  upon  circumstances  whether 

they  are  inlets  or  outlets.  Very  little  draught  is, 
however,  caused  by  them,  unless  with  a  high  wind;  on  the  whole,  they  are 
the  best  inlets  of  this  kind. 

An  open  iron  &amo  of  the  size  of  a  brick,  covered  with  perforated  zinc,  and 
with  a  valve  to  close  it^  if  necessary,  is  a  still  simpler  plan,  and  the  air  is  pret^ 
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irell  distzitrnted.    His  gxiue  Bhould  be  cleaued  freqiuotlj.     Hi  Boyle  of  Lod^ 

don  uses  a  round  plate  working  on  a  screw,  which 

COD  be  bionght  nearar  orfarUWfrom  aconec^xmd-  ^^^^^ 

ing  opening  in  the  wall ;  the  air  enteiing  ebrikes  on  i  M^^H 

the  plat«,  and  then  spreads  circnUrly  over  the  wall, 

and  is  than  drnrn  gaLHj  into  the  room.     Some 

ingenioos  fonoB  ol  i^et  sod  ontlst  have  aho  been 

introduced  by  Mr  Bichaid  Weaver,  C.K 

2.  Tubu  cf  Diffsrent  Kinii».~A  single  tnbe 
has  been  sometimea  used  for  inlet  and  ontlet^  a 
double  canvnt  being  established.  This  is,  how- 
ever, a  mde  plan,  as  Uieie  aie  no  means  of  dis- 
kibnting  the  air,  and  as  the  intermingling  of  the 
cnirant  and  the  friction  of  the  meeting  air  is 
Bometimee  so  great  as  to  impede,  or  even  for  a 
ttmestop,  the  moTement.'*     To  avoid  these  incon-  ''K-  ^^■ 

veniencee,  Watson  propased  to  place  a  partition  in  the  tube  (fig.  16),  and 
Moir  suggested  the  ose  of  a  double  partition  tunning  from  comer  to  comer, 
so  as  to  make  four  tubes.     He  covered  his  . 

divided  tabe  with  a  lonvre,  so  as  to  make  0% 

use  in  some  d^ree  of  the  aspiratory  power  of 
the  wind  on  one  side. 

In  theee  tubes,  accidental  ciicmostanoea, 
snoh  as  the  sun's  rays  on  one  side,  the  wind, 
the  file  in  the  lOom,  &c.,  will  determine 
which  is  outlet  and  which  is  inlet  They  are 
so  br  better  than  the  single  tube,  that  the  par- 
tition divides  the  carrents  and  prevents  frio- 
ticm,  bnt  there  is  the  same  inegalar  action  and 
changing  of  currents  from  accidental  circum- 
stances, so  that  the  direction  of  the  currents 
and  their  rate  are  vanable.  The  distiibutiDn 
of  the  entering  air  is  ^so  not  good. 

Hnch  better  than  these  plans  is  U^'Einnell's 
circolar  tube.    It  consists  of  two  cylinders,  one  ^^  jg 

eaairclingtlie  other,  the  area  of  the  inner  tube 

and  eaciTcling  ring  being  equal     The  inner  one  is  the  outlet  tube ;  it  is  ■>  be- 
eanse  the  casing  of  the  other  tube  maintains  the    ^^ 
tetBperatare  of  the  air  in  it ;  and  it  is  also  always 
made  rather  higher  than  the  other ;  above  it  is 
[notacted  by  a  hood,  but  if  it  had  a  cowl  turning  ^ 
away  from  the  wind  it  would  be  bett«r     The 
<mt^  cylinder  or  ring  is  the  inlet  tube ;  the  air  is 
taken  at  a  lower  level  than  the  top  of  the  outlet 
tabe ;  when  it  enters  the  room,  it  is  thrown  up 
towards  the  ceiling,  and  then  to  the  walls  by  a 
flange  placed  on  the  bottom  of  the  inner  tube , 
tiie  air  then  passee  from  the  walls  along  the  floor    ' 
towards  the  c«iti«  of  the  room,  and  upwards  to    I 
the  outlet  sbaa     (Figs.  19  and  20.)  Both  tubes 
can  be  closed  by  valves.     If  there  is  a  fire  in  Uie   ' 
room,  both  tabes  may  become  inlets ;  to  prevent 
*  Tbt  suidd  of  Watnn'i  rantilBtuig  tuba  li  wall  adaptad  ba  ihowiiig  how  oppoaiiy  n 


164  TEimLATIOH. 

this  the  ontlet  tube  should  be  closed ;  if  doors  and  windows  are  open,  botlt 

tubes  become  outlets. 

The  moTement  of  air  by  this  plan  is  imperceptible,  or  almost  so ;  it  is  an 
admirable  mode  for  square  or  round  looms,  or  small  dinrchee ;  for  very  long 
rooms  it  is  less  adapted. 

The  tube  is  made  of  all  sizes,  from  6  inches  in  diameter,  which  is  adapted 
for  a  sitting-room,  up  to  7  or  6  feet,  which  is  the  size  used  in  some  churches. 
The  two  tubes,  after  passing  out  of  the  room,  may  be  taken  in  different 
directions,  care  being  ^en  that  the  inner  tube  is  always  the  longest,  aad,  if 
possible,  with  the  fewest  curves. 

If  the  two  tubes  can  be  kept  together  for  some  distance,  an  advantage 
would  perhspe  be  gained,  as  the  hot  W  would  transmit  a  portion  of  its  h^t 
to  the  air  in  the  Quter  tube,  which  would  enter  the  room  at  a  higher  tempera- 
ture than  would  otherwise  be  the  case ;  some  loss  of  movement  would  reeull^ 
but  this  would  be  trifling. 

Di  J.  D.  Macdonald  R.K,  F.ILS.,  has  proposed'  an  ingenious  form  of 
ventilator,   something  on   M'Einnelt's  principle, 
,  but  with  a  modification  of  arrangement,  intended 

to  facilitate  the  movement  of  air.  The  tube  may 
be  divided,  either  by  having  one  tube  within 
another  (as  in  M'Einnell's)  or  by  a  aeptum,  as 
shown  in  fig.  21.  A  fan  in  the  upper  part  of  the 
tube  determinea  the  course  of  the  current  always  in 
the  same  direction,  and  this  fan  is  driven  by  the 
action  of  the  wind  upon  another  motile  fan  on 
the  top  of  the  tube,  which  may  be  left  free,  or 
covered  with  a  self-adjusting  cover,  as  in  the  figure. 
One  advantage  of  this  arrangement  is  that  no 
reflux  current  ie  possible,  and  no  rain  can  get  down 
the  tube. 

Dr  Amott's  chimney  ventilator  is  a  valved  open- 
ing at  the  top  of  the  room,  leading  at  once  into  the 
chimney,  and,  lite  Dr  Chowne's  siphon,  has  the 
great  advanl^e  of  drawing  the  air  fram  the  top 
of  the  room ;  it  has  been,  and  is,  much  used,  but 
'  has  the  inconvenience  of  occasionally  allowing  the 
reflux  of  smok& 

Mr  Boyle  has  altered  this  chimney  ventilator 

by  hangii^  small  talc  plates  at  a  certain  ai^le ; 

,  falling  by  their  own  weight,  they  close  the  open- 

*'     '  ing  and  prevent  reflux,  but  a  very  alight  pressure 

from  without  opens  them. 

Of  these  various  plans,  M'Einnell's  or  Macdonald's  should  be  chosen,  if  the 
tur  must  be  admitted  at  the  top  of  the  room ;  and  they  are  well  adapted  for 


U  Bra  at  once  divided — one  pwBca  up,  one  down,  tbeud«s  of  the  tube,  sod  the  a 
•  J  Motile  fan.     2.  Aaplratorj  fan.     8,  gelt-adinating  cap,  a  closed  quarter  of  ditto,  b 


fl.  Iron  frame  work  carryiiig  upper  socket,  &c.  7.  Conii 
rounii  the  circular  plate  bearing  the  fane.  8.  The  main  ahart.  9.  Cireul»r  hood  protecting 
10.  Tbe  aperture  of  inRreat.  11.  Middle  lou^tadinal  septum  dividiuB  the  main  shaft  into 
two  equal  parts,  12.  Central  Ingress  tube.  13.  EipaasioD  of  do.  ll.  Grating  to  regulate 
the  eutering  air.  16.  Lower  aperture  of  Ingreu  (ciienmfereDtuJ).  IS.  Upper  outlet  tube. 
18.  Upper  aperiure  of  ^reas  (central). 
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goftrd-TOomB,  cells,  fokd  iooms  of  small  dimensiotifl,  irheii  it  is  deeiied  to 
b»v6  the  TentUating  apparatiu  ont  of  reach.  Wataon's  divided  tube  can  also 
be  osed,  bat  is  len  oaeful  than  the  othen 

8y«Um  of  VentUalioti  Adopted  in  t?i3  Arm}/. 

On  Home  Service. — The  official  plan  now  in  two  waa  arranged  about  18 
yeais  ago  hj  the  Barrack  Improvement  Commission ;  it  Ib  applied  in  most  of 
the  new  barracks,  and  is  several  old  ones.  It  has  answered  extremely  well, 
and  it  is  much  to  be  desired  that  it  should  be  carried  out  everywhere.  It  is 
based  on  the  plan  of  natural  Tentilation,  and  consista  of — 

1.  An  ontlet  shaft,  or  more  if  required,  proceeding  from  the  highest  point 
of  the  room ;  the  exact  position  in  the  rocau  Taries ;  it  is  sometimes  at  the 
comer,  or  at  one  side,  according  to  circiunstances.  This  shaft  is  carried  straight 
up  inside  the  wall,  and  about  4  to  6  feet  above  the  root,  and  is  covered  with 
a  lonvT«.  It  is  made  of  wood,  is  very  smooth  inside,  and  is  provided  with  a 
flap  for  partly  closing  it  below.  Its  size  is  regulated  by  that  of  the  room  and 
by  the  number  of  inmates,  but  it  is  not  made  larger  than  I  square  foot ;  if 
more  outlet  is  required,  another  shaft  is  put  up.  The  relation  between  its 
size  and  that  of  the  room  varies  with  the  position  of  the  room.  In  a  Uu«e- 
atoried  barrack  the  rule  is  as  ft^ows  : — 

1.  On  the  ground  floor,  1  square  inch  of  section  area  of  outlet  shaft  for 

every  60  cubic  feet  of  room  space,  or  for  each  man  10  square  inches  of 
area. 
3.  On  the  first  floor,  1  square  inch  for  every  65  cubic  feet  oi  room  ^>ace, 

or  for  each  man  10-9  ^say  11)  square  inches. 
3.  On  the  second  floor,  1  square  inch  for  every  50  cubic  feet  of  room  space, 

or  for  eefib  vaaa  12  square  inches. 
In  a  one^storied  barrack  the  amount  should  be  the  same  as  the  second  floor, 
or,  in  other  words,  12  men  would  have  a  shaft  of  1  square  foot.  In  addition, 
there  is  the  chimney,  which,  with  Gallon's  stove,  gives  a  section  area  per  head 
of  about  6  square  inches.  The  total  outlet  area  per  man  is  therefore  16  to  18 
inches,  according  to  circumstances. 

2.  Inlets. — The  amount  of  inlet  is  a  trifle  more  than  1  square  inch  to  every 
60  cubic  feet  of  room. 

Half  ^e  inlet  air  is  warmed  in  all  the  new  barracks  and  many  old  barracks 
by  being  taken  through  air-chambeia  behind  the  fire  (area  of  tube  =•  6  square 
inches  per  head),  and  the  other  half  comes 
direct  from  the  outer  air  into  the  rooms 
through  Sheringham  valves.  Area  of  outer 
opening  <-  5  square  inches,  making  altogether 
11  square  inches  of  inlet  opening  per  man. 

The  cold  air  inlets  (Sheringham  valves) 
aie  placed  at  the  sides  near  the  ceiling,  about 
9  feet  from  the  floor,  and  are  not  opposite 
each  other.  Fig.  22  shows  a  usual  arrange- 
ment The  outlet  fpace  is  thus  seen  to  be 
rath^  larger  than  tbe  inlet,  but  as  the  doors 
sod  windows  seldom  fit  close,  it  is  probable 
that  practically  this  is  of  little  consequence. 

The  movement  of  mr  through  these  open-  p.   ^2, 

ings  is  tolerably  regular — as  legidar  as  it 

ever  can  be  in  natural  ventilation.  The  discharge  of  air  through  the 
chimney  and  oi^et  shaft  averages  about  1200  cubic  feet  .per  head  per  hour, 
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with  a  range  from  700  to  IdOO  or  1600,  aceoiding  to  the  amount  of  fiie,  the 
warmth  of  the  loom,  and  tiie  movement  of  the  eztonial  air.  The  uaoal  upward 
current  through  the  outlet  shafts  at  nighty  is  from  3  to  5  feet  per  second. 
Sometimes  the  chimney  and  outlet  a  little  counteract  each  other ;  a  strong 
chinmey  draught  may  stop  the  current  in  the  outlet  shaft,  hut  there  is  seldom 
any  down-draught  unless  rain  heats  into  the  louvre  and  trickles  down  the  in- 
side of  the  shaft  The  ventilation  of  hanacks  has  heen  wonderfully  improved 
hy  this  plan,  and  the  average  carhonic  acid  ranges  from  *7  to  1  per  1000 
volumes,  according  to  the  rapidity  of  movement  of  the  air. 

The  hospital  system  is  precisely  the  same^  except  that  the  dimensions  are 
nearly  doubled. 

Medii&rranean  Stations, — ^The  same  system  is  directed  to  be  carried  out 
whenever  practicable  at  Malta  and  Gibraltar,  only  the  size  of  the  inlets  and 
outlets  are  trebled ;  for  example,  there  is  1  square  inch  of  outlet  for  every  20 
cubic  feet  of  space  instead  of  60  as  at  home ;  great  care  is  ordered  to  be  taken 
to  remove  all  outside  obstacles  to  the  movement  of  the  wind. 

The  Tropica  and  India, — ^The  same  system  in  principle  is  now  directed  to 
be  used  in  Indian 

SECTION  IIL 

ARTIFICIAL  VENTILATION. 

Artificial  ventilation  is  accomplished  in  two  ways ;  either  the  air  is  drawn 
out  of  a  building  or  room  (the  method  by  extraction),  or  it  is  driven  in,  so  aa 
to  force  out  the  air  already  in  the  room  (the  method  by  propulsion). 

SuB-SEonoN  1. — ^Vbntilation  by  EXTRAOnON. 

This  is  produced  by  the  application  of  heat,  so  as  to  cause  an  upward  current, 
or  by  the  steam  jet,  or  by  a  fan  or  screw,  which  draws  out  the  air. 

1.  Extraction  hy  Heat. — ^The  common  chimney  is  a  weU  known  example 
of  this.  There  is  a  constant  current  up  the  chimney,  when  the  fire  is  burning, 
in  proportion  to  the  size  of  the  fire  and  of  the  chimney.  The  usual  current 
up  a  common  sitting-room  chimney,  with  d  fair  fire,  is,  as  measured  by  an 
anemometer,  from  3  to  6  feet  per  second.  A  very  large  fire  will  bring  it  up 
to  8  or  9  feet.  The  movement  caused  by  a  kitchen  or  furnace  fire  is,  of 
course,  greater  than  this.  If  the  area  of  the  section  where  the  anemometer 
is  placed  be  known,  the  discharge  can  be  stated  in  cubic  feet. 

When  the  air  enters  equably,  and  is  well  distributed,  the  movement  of  air 
is  from  the  inlets  gently  towards  the  fire-place ;  there  is  also  said  to  be  a 
movement,  from  above  the  fire-place,  along  the  ceiling  and  down  the  walls, 
and  then  along  the  floor  to  the  chimney.  (Eeid  and  Stewart,  quoted  by  the 
Barrack  Commissioners.) 

In  the  wards  of  Fort  Pitt  the  current,  with  a  good  fire,  is  about  3|  to  4^ 
feet  per  second ;  and  as  the  section  area  of  the  throat  is  '5  square  foot,  the 
average  discharge  is  about  7200  cubic  feet  per  hour.  In  the  barracks  of 
Chatham,  Dr  Fyffe  found  the  discharge  by  the  chimney  to  be  9080  cubic  feet 
per  hour  (average  of  six  observations).  Li  the  barracbs  at  Gravesend,  Messrs 
Hewlett,  Stanley,  and  Eeid  found  the  discharge  to  be  6120  cubic  feet  per 
hour  (average  of  twenty  observations).  At  Chelsea  New  Barracks,  with  a 
fire  alight  but  low,  the  velocity  was  14*6  per  second,  or  21,038  cubic  feet  per 
hour;  and,  with  the  fire  out,  11*9  per  second,  or  17,088  per  hour.*    In  the 

«  Dr  F.  de  Caiaum<mt^  Reporto,  Ansy  Med.  Reports,  voL  ix. 
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ezperimenta  of  the  Barrack  Gomxoiasionen,*  the  ishimney  dischaige  langod  from 
5300  to  16,000  cubic  feet  per  houi^  tlie  mean  of  twenty-fiye-experiments  being 
9904  cubic  feei  Eveu  in  summer,  mthout  a  fire,  these  ie  genemlly  a  good 
up-cunent  f  It  may  be  then  concluded  that,  with  an  ordinary  fire,  a  chimney 
gives  a  discharge  sufficient  for  foui  or  five  persons.  I^  then,  more  than  thie 
number  of  persons  habitually  live  in  the  room,  another  ontlet  must  be  provided^ 

As  the  current  up  the  chmmey  is  so  great  when  the  flie  ia  lighted,  all  othec 
openings  in  a  room,  if  not  too  many,  become  inlets ;  and,  iu  this  way,  down- 
draughts  of  air  may  occur  from  tubes  intended  as  outlets.  There  ia  no  remedy 
for  this ;  and  if  too  much  enters,  the  outlets  must  be  more  or  less  dosed. 

If  the  room  be  without  openings,  so  that  no  air  can  teach  the  fire,  air  ia 
drawn  down  the  chimney,  and  a  double  current  is  established,  by  whmh  the 
fire  is  fed.  The  down-cutrent  coming  in  puffii  is  one  cause  of  smoky 
chimneys,  and  may  be  at  once  cured  by  making  an  inlst 

The  chimney  and  fire  is.  a  l^pe  of  a  number  of  other  similar  modes  of 
ventilation  by  extraction. 

The  ventilation  of  mines  is  carried  on  by  li^^iting  a  fire  at  the  bottom  of  a 
abaft  (the  upcast  or  return  shaft),  or  half  a  shaft,  if  there  be  only  one.  The 
air  is  drawn  down  the  other  or  downcart  or  intake  shaft,  or  half  the  shaft, 
and  ia  then  made  to  traverse  the  gaUenes  of  the  mine,  being  directed  this  way 
or  that  by  partitions.  Double  doors  are  used,  so  that  there  is  no  back  or  side 
rush  of  the  air.  The  current  passes  through  the  upcast^ahaft  at  the  rate  of 
from  8  to  10  feet  per  second ;  it  flows  through  the  main  galleries  at  the  rate 
of  from  4  to  6  feet  p^r  second,  or  even  more,  and  fsom  1000  to  2000  cubic 
feet  per  head  per  hour  are  supplied  in  good  mines.  In  fire-damp  mines  much 
more  than  this  is  given,  even  as  much  as  6000  cubic  feet  per  man  per  hour. 
{^  Proceedings  of  Civil  Engineers,''  voL  zii.  p.  308).  If  the  quantity  of  air 
be  feduced  too  low  there  is  a  serious  diminution  in  the  amount  of  work  per* 
formed  by  the  men.  A  horse  is  said  to  require  2466  cubic  feet^  and  a  light 
59  cubic  feet  per  houz.  It  may  easily  be  conceived  how  skilfully  the  air 
must  be  directed,  so  as  to  traverse  the  most  remote  workings ;  in  some  mines 
a  portion  of  air  makes  a  circuit  of  from  30  to  40  miles  before  it  can  arrive  at 
the  upcast^haft  The  size  of  the  shafts  in  a  colliery  varies  from  8  to  11  or 
12  feet  in  diameter ;  the  sectional  area  of  a  shaft  of  the  former  size  would  be 
50  a^oare  feet.  A  current  of  8  feet  per  second  in  the  upcast-shaft  would  give 
a  discharge  of  1,440,000  cubic  feet  per  hour,  which  would  give  720  men 
2000  cubic  feet  per  hour. 

The  sectional  area  and  height  of  the  extfacting  shaft,  and  of  the  tubes 
running  into  it,  have  been  fixed  by  P^et ;  the  principle  is  to  give  to  the 
shaft  the  greatest  height  which  can  be  allowed,  and  the  largest  section  which 
can  be  given,:^  without  permitting  the  temperature  of  the  contained  air  to  fall 
so  low  as  to  be  unable  to  overcome  the  resistance  of  the  atmospheie  at  the 
top  of  the  shaft,  or  the  action  of  the  winds.§ 

*  Bepott,  ISei.  p.  78. 

t  In  August  180V I  found  tC  Fort  EUon  tlw  velocity  to  be  on  one  oooasion  7*6  per  aecood 
and  at  Qoeport  New  Barracks,  8*4.  The  velocity  generally  raises  from  1}  feet  to  3  feet  per 
second,  althoogh  it  is  often  more.    (F.  de  C.) 

t  De]aCbabnr,8ded.l861,  tiiip.66,  s^se;. 

§  The  amouDt  of  the  lesistanoe  given  to  the  movement  of  air  through  the  tubes  leading  to 
the  shaft,  and  in  the  shaft  itself,  can  be  calculated  from  the  formula  given  bv  P^let  at  p.  47 
(t.  liL),  but  which  it  is  unnecessary  to  introduce  here.  General  Morin's  oDservations  show 
that  the  diiFeience  in  the  volumes  of  air  passing  through  small  openings  is  in  the  ratio  of  the 
square  root  of  the  area.  The  increased  velocity  through  the  smaller  openings  does  not  com- 
pensate for  this  great  loss.  The  shape  of  the  tubes  ought  also  to  be  considerad^the  least  resist* 
ance  beinff  given  by  a.  circular  aperture.  For  a  table  of  friction  due  to  form  of  aectional 
area,  see  ^*  Hygiene  *'  in  Sanitary  Record,  1875^  by  Dr  F.  de  Chaomont. 


16d  :  .     VKNTIULTION.-:    . 

■  Li  laige  buildings  the  eame  plan  is  often  tised;  a  cliinmey  {ehemin^ 
cPappel  of  the  French)  is  heated  by  a  fire  at  the  bottom,  and  into  the  bottom 
of  this  shaft,  close  to  the  fire,  run  a  number  of  tubes  coming  from  the 
different  rooms.  Several  French  and  English  hospitals,  and  many  other 
buildings,  are  ventilated  in  this  way.  Dr  Eeid  for  some  years  ventilated  the 
Houses  of  Parliament  in  the  same  manner,  and  so  powerful  was  his  up- 
draught,  that  he  could  change  the  entire  air  in  the  building  in  a  few  minutes. 

In  dwelling-houses  it  has  been  proposed  to  have  a  central  chimney,  into 
which  the  chimneys  of  all  the  fires  shall  open,  and  to  surround  this  with  air- 
shafts  connected  with  the  tops  of  the  rooms.  It  is  supposed  that,  if  other 
inlets  exist,  there  will  be  a  current  both  up  the  chimney  and  up  the  shaft 
running  beside  it 

In  cdl  these  cases  it  requires  that  the  workmanship  shall  be  very  exact,  00 
that  air  shall  not  reach  the  extracting  shaft  except  through  the  tubes. 

It  is  now  about  a  hundred  and  twenty  years  ago  since  Dr  Mead  brought 
before  the  Eoyal  Society  Mr  Sutton's  plan  of  ventilating  ships  on  the  same 
principle.  Tubes  running  from  the  hold  and  various  cabins  joined  together 
into  one  or  two  large  tubes  which  opened  into  the  ashpit  beneath  the  cooking 
fires.  If  the  doors  of  the  ashpits  were  kept  closed,  the  fires  drew  the  air 
rapidly  from  aU  parts  of  the  ship.  Unfortunately,  this  plan  never  came  into 
general  use.  The  same  plan  was  adopted  by  Dr  Mapleton  for  the  ventilation 
of  the  hospital  ships  employed  in  the  last  (1860)  China  War.  The  arrange- 
ment requires  some  watching  to  prevent  careless  cooks  from  allowing  air  to 
reach  the  fires  in  other  ways. 

On  the  same  principle  some  men-of-war  are  now  being  ventilated.*  The 
funnel  and  upper  part  of  the  boiler,  and,  as  far  as  possible,  all  the  steam 
apparatus,  are  inclosed  in  an  iron  casing,  so  that  a  space  is  left  of  some  3  or 
4  feet  between  the  casing  and  the  funneL  When  the  fires  are  lighted,  there 
is  of  course  a  strong  current  up  this  space,  and  to  supply  this  the  air  is  drawn 
down  through  all  the  hatchways  towards  the  furnace  doors.  The  temperature 
of  the  stoke-hole  is  reduced  from  130'  or  140''  Fahr.,  to  60°  and  70" ;  and  the 
draught  to  the  fires  is  so  much  more  perfect,  that  more  steam  is  obtained  from 
the  same  amount  of  fuel.  This  plan,  devised  by  Mr  Baker,  has  been 
ingeniously  applied  by  Admiral  Fanshawe,  late  superintendent  at  Chatham 
dock-yard,  to  the  ventilation  of  every  part  of  the  ship  where  there  are  no 
water-tight  compartments.  Edmond's  plan  combines  with  this  the  ventilation 
not  only  of  the  hold,  but  of  the  timbers  of  the  ship. 

Sometimes,  instead  of  a  fire  at  the  bottom  of  the  chimney,  it  is  placed  at 
the  top ;  but  this  is  a  mistake,  as  there  is  a  great  loss  of  heat  from  the  imme- 
diate escape  of  the  heated  air ;  the  proper  plan  is  to  heat^  as  much  as  possible, 
the  whole  column  of  air  in  the  chimney,  which  can  only  be  done  by  placing 
the  fire  below. 

Frequently,  instead  of,  or  in  addition  to  a  fire,  heat  is  obtained  in  the  shaft 
by  means  of  hot  water  or  steam  pipes.  This  plan  has  long  been  in  use  in 
England,!  &i^d  has  since  been  introduced  into  France,  and  improved  by  M. 
L^n  Duvoir.  Warming,  as  well  as  ventilation,  is  accomplished  by  this 
method,  which  is  in  action  at  the  Hospitals  Lariboisi^re  (in  one-half)  and 
Beaujon.  It  appears  to  be  at  once  effectual  and  economical,  though  it  has 
been  sharply  criticised  by  Grassi  and  P^clet.  After  a  very  long  investigation 
into  the  merits  of  all  rival  plans,  it  was  adopted  by  a  French  Conunission  for 

*  In  the  new  ironclads  it  is  found  necessary  to  use  lai^  fans  driven  by  special  engines 
to  effect  tboroa^b  change  of  air  below. 

t  It  is  in  use  in  the  Circuit  Court-House  in  Glasgow,  and  in  the  Police  Buildings  at  Edin* 
buigh  (Ritchie),  and  in  many  other  buildings. 
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tiid  warming  tmd  ventilation  of  the  Palais  de  Justice  at  Paris,  and  has  since 
been  adopted  in  other  public  buildings,  chiefly  from  the  advocacy  of  General 
Morin.*  The  plan  at  the  Hospital  Lariboisi^re  is  simply  this :  an  extracting 
abaft  contains  in  the  lower  part  a  boiler,  from  which  two  spiral  hot-water 
tabes  run  up  to  the  requisite  height  in  the  shaft,  and  then,  leaving  it,  pass 
downwards  and  enter  the  wards,  in  which  they  are  coiled  so  as  to  form  hot- 
water  stoves,  and  then  leaving  the  wards,  they  pass  down  and  re-enter  the 
boiler.  There  is  a  continual  circulation  of  hot  water,  and  in  the  shaft  there 
is  necessarily  an  upward  ctmrent  of  air.  But  as  the  air  is  continually  increas- 
ing in  temperature  towards  the  point  of  discharge,  there  is  a  loss  of  power,  just 
as  in  the  case  of  the  fire  being  placed  at  the  top  instead  of  the  bottom  of  the 
abaft  From  the  bottom  of  the  wards  air-conduits  or  tubes  run  into  the  ex- 
tracting shaft)  and  thus  the  vitiated  air  is  drawn  out  of  the  wards.  The  fresh 
air  ia  admitted  directly  from  the  outside  into  the  wards,  and  is  warmed  by 
being  admitted  through  the  coils  of  the  hot-water  tubes.  In  the  summer  the 
water  is  shut  off  from  the  water-stoves,  but  the  temperature  of  the  extracting 
abaft  is  still  maintained. 

It  is  certainly  true  that  the  ventilation  by  this  plan  is  irregular ;  f  and  also, 
that  in  the  Hospital  Lariboisi^re,  a  much  greater  quantity  of  air  passes  through 
the  extracting  shaft  than  enters  through  the  hot-water  stoves. 

In  the  summer,  when  there  is  ventilation  without  warming,  the  outflow  of 
air  from  the  wards  varied  from  84*4  cubic  metres  (2980  cubic  feet)  to  55*3 
cabic  metres  (1952  cubic  feet)  per  head  per  hour.} 

In  the  winter,  when  there  are  both  ventilation  and  warming,  the  outflow  of 
air  from  the  wards  was  82*2  cubic  metres  or  2902  cubic  feet^  per  head  per  hour. 
Of  that  amount)  only  35  cubic  n^etres  (1235  cubic  feet)  entered  by  the  water- 
stoves,  the  rest  came  in  by  doors  and  windows  and  other  opening&-an  objec- 
tionable  pointy  as  the  air  might  press  in  from  the  closets.  Yet,  in  spite  of 
tbia,  the  temperature  was  maintained  pretty  well  up  to  the  limit  fixed  in  the 
agreement,  viz.,  15**  cent,  or  59*"  Fahr. 

Oil  has  been  used  in  some  cases  instead  of  water. 

Very  frequently,  instead  of  a  fire  or  hot-water  vessels,  lighted  gas  is  used  to 
cause  a  current,  and  if  the  gas  can  be  applied  to  other  uses,  such  as  lighting, 
cooking,  or  boiling  water,  the  plan  is  an  economical  one. 

In  tiieatres  the  chandeliers  have  long  been  made  use  of  for  this  purpose* 
M.  D'Arcet  proposed  this  for  several  of  the  old  theatres  in  Paris,  and  the  Com- 
iniffiion§  appointed  to  determine  the  mode  of  ventilation  to  be  adopted  in  the 
Theatres  Lyrique  et  du  Cirque  Imperial,  have  determined,  after  much  considera- 
tion, that  this  plan  is  the  best  adapted  for  theatres.  The  details  have,  however, 
been  somewhat  modified  from  those  devised  by  D'Arcet^  and  are  too  long  to 
be  here  inserted,  but  they  seem  admirably  adapted  to  distribute  the  entering 
air  thoroughly,  and  to  insure  its  discharga  /  The  entering  air  is  warmed  by 
calorif^res  below  the  pit^  and  is  then  carried  by  flues  to  the  front  of  the  stage, 
and  to  the  front  of  each  tier  of  boxes,  where  they  open  at  the  floor.  The  out- 
going air  is  drawn  away  by  flues  running  from  each  box,  and  ending  in  a  large 
central  shaft  surroundmg  the  tube  which  carries  off  the  products  of  the  com- 
bustion of  the  central  chandelier.  But  every  gas-jet  in  the  house^  as  well  as 
the  spare  heat  of  the  furnace,  is  made  to  contribute  its  share  of  movement. 

*  Two  exoeUent  reports  have  been  made  by  this  Commission,  of  which  General  Morin  is  re- 
porter. Their  titles  are  given  farther  on.  Much  information  is  also  given  in  General  Morin's 
vork  on  ventilation,  Btades  star  la  Ventilation,  Paris,  1863,  2  vola 

t  P6clet--Tnut^  de  la  Chalenr,  1861,  t  iu.  ik267. 

t  Gnssi,  op.  eit  pp.  35-87. 

I  Rapport  de  la  Commission  snr  le  Chanffage  et  la  Ventilation  dn  Th^tre  Lyriqne  et  dd 
Tlitotre  da  Cirque  Imperial  *  Bapporteur  le  General  Morin.    Paris,  1861. 
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Tlie  ammmt  which  caa  be  Bupplkd  in  winter  is  30  cubic  metres  (  » 1059  cabio 
feet)  per  head  per  hour.  The  bmning  of  20  cubic  melms  (706*2  cubic  feet) 
of  gas  in  one  hour  at  the  Opera  (Jomique  caused  the  dischaige  of  80,000  cubic 
metres  of  air  (2,825,280  cubic  feet).  The  temperature  of  the  air  was  9°  cent 
or  16*"  Fahr.  above  the  external  air.  At  the  Vaudeville,  10  cubic  metres  (353 
cubic  feetWf  gas  was  consumed  per  hour,  and  15,523  cubic  metres  (548,210 
cubic  feet)  passed  through  the  chimney,  so  that  1  cubic  foot  of  gas  perfectly 
consumed  caused  the  discharge  of  1553  cubic  feet  of  air.  General  Morin, 
from  numerous  experiments,  found  that  1  cubic  metre  of  gas  caused  the  dis- 
charge of  1000  cubic  metres  of  air,  or  1  cubic  foot  would  cause  the  dischaige 
of  1000  cubic  feet  of  air.* 

The  advantage  of  extraction  by  heat^  especially  in  the  case  of  theatres  and 
buildings  where  gas  can  be  brought  into  play,  are  obvious. 

There  are  some  objections  to  extractions  by  the  fire  and  hot-air  shaft 

(1.)  The  inequality  of  the  draught  It  is  almost  impossible  to  keep  the 
fire  at  a  constant  height  The  same  quantity  of  combustible  material  should 
be  consumed  in  the  same  time  every  day,  and  the  heat  should  be  kept  in  by 
)arge  masses  of  masonry.  Still,  with  these  precautions,  the  atmospheric 
influences^  and  changes  in  the  quality  of  the  combustibles,  cannot  be 
avoided. 

(2.)  The  inequality  of  the  movement  from  different  rooms.  Erom  rooms 
nearest  the  shafts  and  with  the  straightest  connecting  tubes,  there  may  be  a 
strong  current,  whUe  from  distant  rooms  the  friction  in  the  conduits  is  so  great 
that  Uttle  air  may  pass.  The  greatest  care  is  therefore  necessary  in  calculat- 
ing the  resistance^  and  in  apportioning  the  area  of  the  tubes  to  the  resistance. 
TMs  plan  is,  indeed,  best  adapted  for  the  cqmpact  buildings.  Occasionally, 
if  the  friction  be  great,  from  too  small  size,  or  tiie  angular  arrangement  of  the 
conduits  leading  to  the  hot-shaft,  there  may  be  no  movement  at  all  in  the 
conduits,  but  a  down-current  to  feed  the  fire  is  established  in  the  shaft 
itself — a  state  of  things  which  was  discovered  by  Dr  Sanderson  to  exist  in 
the  ventilation  of  St  Mary's  Hospital  in  London. 

.  (3.)  The  possibility  of  reflux  of  smoke,  and  perhaps  of  air,  from  the  shaft 
to  the  rooms,  is  another  objection  of  some  weight 

(4.)  The  impossibility  of  properly  controlling  the  places  where  fresh  air 
enters.  It  will  flow  in  from  all  sides,  and  possibly  from  places  where  it  ia 
impure,  as  from  closets,  &c. ;  air  is  so  mobile  that  with  every  care  it  is 
difficult  to  bring  it  under  complete  control — ^it  will  always  press  in  and  out  at 
the  point  of  least  resistance. 

2.  Extraction  by  the  Steamjet. — ^The  moving  agent  here  is  the  force  of  the 
Bteam-jet^  which  is  allowed  to  pass  into  a  chimney.  The  cone  of  steam  sets 
in  motion  a  body  of  air  equal  to  217  times  its  own  bulk.  Tubes  passing  from 
different  rooms  enter  the  chimney  below  the  steam-jet,  and  the  air  is  extracted 
Irom  them  by  the  strong  upward  current  This  plan  is  best  adapted  for 
factories  wi^  spare  steam.  It  was  employed  for  some  time  in  the  ventilation 
of  the  House  of  Lords,  but  was  finally  abandoned. 

3.  JEastractian  by  a  Fan  or  Screw. — ^An  extracting  fan  or  Archimedean 
screw  has  been  used  to  draw  out  the  air.  Several  different  kinds  have  been 
proposed  by  Messrs  Combes,  Letoret,  Grlepin,  and  Lloyd,  and  have  been  used 
in  coal  mines  in  Belgium,  and  in  some  of  the  English  minea  At  the  Abercam 
mine,  in  South  Wales,  a  fan  is  used  of  13^  feet  diameter ;  the  vanes,  eight  in 
number,  are  3^  feet  wide  by  3  feet  long ;  at  60  revolutions  per  minute  the 
velocity  of  the  air  is  782  linear  feet  per  minute,  and  45,000  cubic  feet  are 

•  EtttdM  snr  U  y eat  t  iL  p.  720. 
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•extracfed;  the  Telocity  at  the  ciictunferenoe  of  Hie  fan  is  2545  feet  per 
minute ;  the  theoretical  coneuinptioii  of  coal  per  hour  ia  17*4  lb.* 

Mr  Yan  Hecke  formerly  used  a  fau  for  this  purpose,  in  his  system  of 
ventilation  of  buildings,  but  he  has  found  it  better  to  abandon  it^  and  sub- 
stitute a  propelling  fan.  It  was  proposed  by  Mr  Higgins  to  put  in  a  chimney 
an  Archimedean  screw  to  be  turned  by  tiie  wind,  and  in  this  way  it  was 
thought  a  constant  upward  current  would  be  caused.  But  the  pli^i  has  little 
power,  and  is  not  now  employed. 

To  both  these  methods  of  extraction  some  of  the  objections  already  noted 
apply,  but  eztraetion  by  the  &n  is,  of  ooiurse,.  more  uniform. 

8uB^B0TiON  n. — ^Ventilation  by  Peopulsion. 

This  plan  was  proposed  by  Desaguliers,  in  1734,t  when  he  invented  a  fan 
or  wheel  inclosed  in  a  box.  The  air  passed  in  at  the  centre  of  the  fan,  and 
was  thrown  by  the  revolving  vanes  into  a  conduit  leading  from  the  box.  In 
some  form  or  other  this  &n  has  been  used  ever  since,  and  the  conduits  leading 
from  it  are  now  generally  made  large,  so  that  the  fan  may  move  slowly,  and 
deliver  a  large  quantity  of  air  at  a  low  velocity.  The  fan,  if  small,  is  worked 
by  hand ;  if  laiger,  by  horse,  water,  or  steam  power. 

The  fans  are  often  made  with  six  or  ei^ht  rays,  each  carrying  vanes  at  the 
end,  which  should  be  as  close  as  possible  to  the  enveloping  box.  In  size, 
the  length  of  the  vanes  should  be  more  than  half  the  length  of  the  rays ;  the 
number  of  rays  should  augment  with  the  diameter  of  the  orifice  of  access.  { 
(Pfclet,  p.  259.) 

The  amount  of  air  delivered  can  be  told  by  timing  the  speed  of  revolution 
of  the  extremities  of  the  fan  per  second,  or  per  minute ;  the  effective  velocity 
is  equal  to  fths  of  this,  and  this  is  the  rate  of  movement  of  the  air.  If  the 
section  area  6f  the  conduit  be  known,  the  number  of  cubic  feet  discharged 
per  second,  minute,  or  hour  can  be  at  once  calculated. 

The  power  of  this  plan  is  v«y  considerable.  With  a  fan  of  10  feet 
diameter,  revolving  sixty  times  per  minute,  the  effective  velocity  is  1414  feet 
per  minute.  The  rate  of  movement  in  the  main  channel  should  not  be  more 
than  4  feet  per  second ;  the  conduits  must  gradually  enlarge  in  calibre ;  and 
the  movement,  when  the  air  is  delivered  into  the  rooms,  should  not  be  more 
&an  1^  feet  per  second. 

At  the  Hospital  Lariboisi^re  in  Pans,  it  is  stated  that  150  cubic  metres 
(  =  4296  cubic  feet)  have  been  delivered  per  head  per  hour,  in  the  wards 
ventilated  by  the  propelling  fan  of  MM.  Thomas  et  Laurens.  It  must,  how- 
ever, be  remembered,  that  the  later  observations  of  General  Morin  have 
shown  that  much  of  the  movement  ascribed  to  the  fan  was  really  owing  to 
natural  ventilation. 

This  plan  is  very  well  adapted  for  those  cases  in  which  a  laige  amount  of 
air  has  to  be  suddenly  supplied,  as  in  ceowded  music  halls  and  assembly 
rooms.  8t  George's  Hall  at  Liverpool  is  ventilated  in  this  way.  The  air  is 
taken  from  the  iMisement ;  is  washed  by  being  drawn  through  a  thin  film  of 
water  thrown  up  by  a  fountain ;  is  passed  into  calorif^res  (in  the  winter), 
wh6are  it  can  be  moistened  by  a  steam-jet^  if  the  difference  of  the  dry  and  wet 
bulb  be  more  than  four  or  six  degrees,  and  is  then  propelled  along  the 


♦  Utb'b  BictloDiiry,  1800 :  ait.  Ventilation,  vol.  iii.  p.  961. 

t  Coone  of  Experimental  Philosophy,  vol.  iL  p.  5o4.  The  wheel  mm  shown  to  the  Royal 
Sodefey  in  1784. 

t  P^let,  De  la  Chaleor,  8d  edition.  1868,  t.  L  pp.  260,  268.  Nnmerons  kinds  of  fans  fot 
proimlsion  and  extraction  are  fignied,  imd  detailea  accounts  of  construction  and  amount  (tf 
worx  ai«  given. 
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channels  which  distribuie  it  to  the  halL    In  summer,  it  is  cooleid  in  the  con- 
duits by  the  evaporation  of  water. 

At  the  Hdpitd.  Necker  in  Paris,  and  in  many  other  places,  the  plan  of  Yan 
Hecke  is  in  use.  A  fan,  worked  by  an  engine,  drives  the  air  into  small 
chambers  in  the  basement^  where  it  is  warmed  by  cockle  stoves,  and  then 
ascends  into  the  rooms  above,  and  passes  out  by  outlet  shafts  constructed  in 
the  walls.  The  system  is  effective  and  economical,  though  it  is  only  just  to 
say  that,  the  use  of  the  fan  excepted,  it  is  precisely  similar  in  principle  to 
Sylvester's. 

In  addition  to  the  fan,  other  appliances  have  beeen  used.     Soon  after 

DesaguHers  proposed  the  fan,  Dr 
Hales  employed  large  bellows  for 
the  same  purpose,  and  they  were 
used  for  some  time  on  board  some 
men-of-war,  and  in  various  build- 
ings. They  were  worked  by  hand  ; 
-{j  and  probably  this,  and  their  faulty 
construction,  led  to  their  being  dis- 
used. Their  use  has  been  revived, 
and  their  form  modified  and  im- 
proved by  Dr  Amott*  (fig.  23).  Dr 
Amott  has  shown  that  Hales  lost 
much  power  by  forcing  his  air 
through  small  openings;  and,  by 
some  ingenious  alterations,  has  made 
an  effective  machine.  It  is  a  large  box  or  cylinder,  in  which  a  piston  works  ; 
openings  are  made  at  the  ends  of  sufficient  size  ^  oiled  silk  hangs  over  the  upper 
openings  on  the  insidey  and  on  the  lower  openings  on  the  outside  of  the  box. 
These  covers,  therefore,  act  as  valves,  and  allow  the  air  to  pass  in  one  direc- 
tion only ;  as  t^e  piston  moves,  air  is  driven  through  the  lower  openings,  on 
the  side  towards  which  the  piston  is  moving,  while  fresh  air  enters  at  the 
same  time  through  the  upper  openings  at  the  opposite  end.  A  pump  of  6  feet 
long,  4  feet  wide,  made  of  deal  boards,  and  fitted  with  a  piston  of  wood,  can 
be  constructed  in  a  few  hours,  and  will  deliver  96  cubic  feet  at  every  stroke. 

Dr  Arnott  has  also  fitted  up  a  gasometer  pump,  which  was  used  in  the 
York  County  Hospital  for  some  time,  but  was  finally  disused,  probably  because 
the  apparatus,  though  excellent  ia  principle,  was  not  quite  large  enough. 
The  hydraulic  air-pump,  sometimes  used  in  mines,  is  useful  on  a  small  scale,  f 
The  punkah  used  in  India  is  another  mechanical  agent  with  a  similar  though 
more  imperfect  action.  When  a  punkah  is  pulled  in  a  room  open  on  all  sides, 
it  will  force  out  a  portion  of  air,  the  place  of  which  will  be  at  once  supplied 
by  air  rushing  in  with  greater  or  less  rapidity  from  aU  points.  If  the  punkah 
can  be  moistened  in  any  way,  its  cooling  effect  is  considerable.  Captain 
Moorsom,  of  the  52d  Eegiment,  some  years  ago  proposed  an  ingenious  plan, 
which  is  given  in  the  Indian  Sanitary  Eeport  A  wheel  turned  by  a  bullock 
both  moves  the  punkah,  and  elevates  water,  which  then  passes  along  the  top 
of  the  punkah,  and  flows  down  it. 

The  advantages  of  ventilation  by  propulsion  are  its  certainty,  and  the  ease 
with  which  the  amount  thrown  in  can  be  altered.  The  stream  of  air  can  be 
taken  from  any  pointy  and  can,  if  necessary,  be  washed  by  passing  through  a 

«  On  the  Smokeless  Fireplace,  by  Neil  Arnott,  M.D.,  F.R.S..  kc,  1855,  p.  162 ;  and  in 
other  publications.    In  the  ngnre  all  the  yalves  are  shown  open,  but,  during  action,  the  top 
valves  on  one  side,  and  the  bottom  on  the  other,  are  altaraately  open  or  dosed. 
.   t  Ure*s  DicUonary,  I860,  vol.  ti .  p.  958. 
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thin  film  of  water,  or  lihrough  a  thin  screen  of  moistened  cotton,  and  can  he 
warmed  or  cooled  at  pleasure  to  any  degree.  In  fact,  the  engineer  can  intro- 
duce into  this  operation  the  precision  of  modem  science. 

The  diBadTantages  are  the  great  cost,  the  chances  of  the  engine  hreaking 
down,  and  some  difficulties  in  distribution.  If  the  air  enter  through  small 
openings,  at  a  high  velocity,  it  will  make  its  way  to  the  outlets  without  mix- 
ing.    The  method  requires,  therefore,  great  attention  in  detail, 

SECTION  IV. 

EELATIVE  VALUE  OF  NATURAL  AND  ARTIFICIAL 

VENTILATION. 

'  Circumstances  differ  so  widely,  that  it  is  impossible  to  select  one  system  in 
preference  to  all  othera  In  temperate  climates,  in  most  cases,  especially  for 
dweUing-houses,  barracks,  and  hospitals,  natural  yentilation,  with  such  powers 
of  extraction  as  can  be  got  by  utilising  the  sources  of  warming  and  lighting, 
is  the  best.  Who,  in  fact,  would  not  attempt  to  make  use  of  these 
vast  powers  of  nature  which  are  ever  ready  to  serve  us )  Incessant  movement 
of  the  air  is  a  law  of  nature.  We  have  only  to  allow  the  air  in  our  cities 
and  dwellings  to  take  share  in  this  constant  change,  and  ventilation  will  go  on 
uninterruptedly  without  our  care. 

In  some  circumstances,  however,  as  in  the  tropics,  with  a  stagnant  and 
warm  air ;  and  in  temperate  climates  in  certain  buildings,  where  there  are  a 
great  number  of  small  rooms,  or  where  sudden  assemblages  of  people  take 
place,  mechanical  ventilation  must  be  used.  So  much  may  be-  said  both  for 
the  system  of  extraction  and  propulsion  under  certain  circumstances,  that  I 
think  it  is  impossible  to  give  an  abstract  preference  to  one  over  the  other. 
This  is  evident,  indeed,  from  the  fact,  that  quite  contrary  opinions  have  been 
arrived  at  by  equally  competent  men.  P^clet,  whose  great  authority  no  one 
can  doubt^  says  (De  la  Chaleur,  t.  iiL  p.  63),  "Mechanical  ventilation  has 
then  an  immense  advantage  over  the  ventilation  of  an  extracting  chimney  " 
(cheminee  d^appd) ;  and  Grassi,  from  a  comparison  of  the  two  plans  at  the 
Lariboisi^re  Hospital,  unequivocally  condemned  the  system  of  extraction  as 
arranged  by  Duvoir,  Yet,  lately.  General  Morin,  aftOT  a  fresh  inquiry  into 
the  whole  subject,  has  as  decidedly  pronounced  the  system  of  propulsion  to 
be  everywhere  inferior  to  that  by  extraction.  He  has  also  condemned  the 
plan  of  Van  Hecke,  which  previously  had  been  praised  by  Pettenkofer.  In 
idci,  it  is  evident  that  the  special  conditions  of  the  case  must  determine  the 
choicei,  and  we  must  look  more  to  the  amount  of  air,  and  the  method  of  dis- 
tiibution,  than  to  the  actual  source  of  the  moving  power.  But  in  either  case 
the  greatest  engineering  skill  is  necessary  in  the  arrangement  of  tubes,  the 
supply  of  fresh  air,  &c  The  danger  of  contamination  of  air  as  it  passes 
through  long  tubes,  and  the  immense  friction  it  meets  with,  must  not  be  over- 
looked. For  hospitals,  I  cannot  but  believe  natural  ventilation  is  the  proper 
plan.  The  cost  pf  the  various  plans  will  depend  ■  entirely  on  circumstances ; 
the  nature  of  the  building ;  the  price  of  materials,  coal,  &c.  On  the  whole, 
the  plans  of  ventilating  and  warming  by  hot-water  pipes,  and  Van  Hecke's 
plan,  are  cheaper  than  the  method  by  propulsion  by  means  of  a  large  fan ;  but 
the  latter  gives  us  a  method  which  is  more  under  engineering  control,  and  is 
better  adapted  for  hot  climates  when  it  is  desired  to  cool  the  air. 


CHAPTER  IV. 

EXAMINATION  OF  AIE  AND  OF  THE  SUFFICIENCY  OF 

VENTILATION. 

The  sufficiency  of  ventilation  should  be  examined — 

let,  By  determining  the  amount  of  cubic  space  assigned  to  each  person,  and 
the  amount  of  movement  of  the  air,  or,  in  other  words,  the  number  of  cubic 
feet  of  fresh  air  which  each  person  receives  per  hour. 

2d,  By  examining  the  air  by  the  senses,  and  by  chemical  and  mechanical 
methods,  so  as  to  determine  the  presence,  and,  if  possible,  the  amounts  of  sus- 
pended matters,  organic  vapour,  carbonic  acid,  sulphuretted  hydrogen,  and 
watery  vapour. 

SECTION  L 

MEASUREMENT  OF  CUBIC  SPACE* 

The  three  dimensions  of  length,  breadth,  and  height  are  simply  multiplied 
into  each  other.  If  a  room  is  square  or  oblong,  with  a  flat  ceiling,  there  is, 
of  course,  no  difficulty  in  doing  this,  but  frequently  rooms  are  of  irregular 
form,  with  angles,  projections,  half-circles,  or  segments  of  circles.  In  such 
cases  the  rules  for  the  measurement  of  the  areas  of  circles,  segments,  triangles, 
&c,  must  be  used.  By  means  of  these,  and  by  dividing  the  room  into  several 
parts,  as  it  were,  so  as  to  measure  first  one  and  then  another,  no  difficulty 
will  be  felt  After  the  room  has  been  measured,  recesses  containing  air  should 
be  measured  and  added  to  the  amount  of  cubic  space ;  and,  on  the  other  hand, 
solid  projections,  and  solid  masses  of  furniture,  cupboards,  &c.,  must  be 
measured,  and  their  cubic  contents  (which  take  the  place  of  air),  deducted 
from  the  cubic  space  already  measured.  The  bedding  also  occupies  a  certain, 
amount  of  space;  a  soldier's  hospital  mattress,  pillow,  three  blankets,  one 
coverlet,  and  two  sheets,  will  occupy  almost  10  cubic  feet,  about  7  if  tightly 
rolled  up.  It  is  seldom  necessary  to  make  any  deduction  for  tables,  chairs, 
and  iron  bedsteads,  or  smaU  boxes;  it  is  a  refinement  to  do  this,  or  to 

*  The  following  are  some  nsefal  measures ; — 

1  cubic  foot, «       1728  cubic  inches. 

„     „ -  28-81  Flench  litres. 

1  pint, ^  84*66  cubic  inches. 

1  fluid  ounce,      .       .       .       ...        ^  1788    „       „ 

1  cubic  metre  (French),      ...»  85*81658  cubic  feet  rEnirlish). 

1  litre  (French), -  0-086816  cubic  feet 

1  litre, -  61*027  cubic  inches. 

1  cubic  centimetre,  ...»  0*061 03  cubic  inches. 

Cubic  centimetres  are  to  cubic  inches  as  16*4  to  1. 
The  Prussisn  foot  is  eaual  to  12*357  inches,  or  1*0298  English  feet,  and  the  cubic  foot  Pros- 
sian  is  equal  to  1*002  cubic  feet  English,  or  almost  l*10th  more.    Thid  Prussian  square  foot  is 
equal  to  i52'7  square  English  inches,  or  1*0605  English  square  feet    One  English  square  foot 
is  equal  to  '9429  Prussian  square  feet. 
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reduce  the  temperataie  of  fhe  air  to  standard  tempeiatare,  as  is  sometimes 
done. 

A  deduction  must  be  made,  however,  for  the  IxMlies  of  persons  living  in 
the  room ;  a  man  of  average  size  takes  the  place  of  about  2^  to  4  cubic  feet 
of  air  (say  3  for  the  average).*  . 

In  Imear  measurement^  it  is  always  convenient  to  measure  in  feet  and 
decimals  of  a  foot,  and  not  in  feet  and  inches,  f  If  square  inches  aie 
measured^  they  may  be  turned  into  square  feet  by  multiplying  by  "OOT. 


EiTLBB — Area  or  Superfictea. 


Area  of  drde^ 


>» 


M 


Circamfereniee  of  circle^ 
Diameter  of  eircUy 

Area  of  ellipse^   . 

Circumference  of  eUipeej 
Area  of  reetangley 
Area  of  parallelogram^ 
Area  of  trapezium,      . 


D«x  -7854. 
C^x  0796. 
D  X  31416. 
C  -^31416. 

{Multiply  the  product  of  the 
two  diameters  by  •7864. 
{Half  sum  of  the  two  diame- 
ters by  3-1416. 
Multiply  two  sides. 

{Multiply  a  side  by  its  width 
on  the  square. 
Multiply  4  sum  of  the  two 
perpendiculars  by  the  dia- 
gonal on  which  ihej  fall ; 
or 


Fig.  24. 


Fig.  26. 


Area  of  irapemdy 


Divide  into  two  triangles 
in  the  most  convenient 
manner,  calculate  the 
areas,  and  take  the  sum. 


Take  4  the  sum  of  the 
parallel  sides  and  multi- 
ply by  the  distance  be- 
tween them. 


Fig.  26. 


*  The  weight  of  a  man  in  stones,  divided  hf  4,  gives  the  cubic  fiwt  he  occupies.    Thus  a  man 
veifl^iDg  12  stones  occupies  S  cubic  feet, 
t  The  following  table  may  be  found  convenient  :— 

T««i.«.  Dedmal  iMits  of 

"»<*«^  a  foot. 

12  -  1*00 

11  .  0*92 

K)  «-  0'88 

9  -  0-76 

8  -  0-«7 

7  -  0-58 


ihee. 

1 

DediDBl  parti  Of 

afoot 

e 

H 

0-50 

6 

M 

0-42 

4 

m 

0*88 

3 

■■ 

0-25 

2 

>■ 

0-17 

1 

■■ 

O'OS 
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Area  of  triangle^ 


Base     X  1  height^  or 
Height  X  \  base. 


Fig.  27. 
Area  of  segment  ofdrde^ 


Fig.  28. 


To  §  of  product  of  chord 
and  height  add  the  cube 
of  the  height  divided  by 
twice  the  chord 

(Ch  X  H  X  f )  +  g-gh 


Cubic  Capacity  of  a  Cube. — Multiply  the  three  dimensions,  length, 
breadth,  and  height 

Cubic  Capacity  of  a  Cone  or  Pyramid. — Area  of  base  x  J  height 

Cubic  Capacity  of  a  Cylinder, — ^Area  of  base  x  height 

Cubic  Capacity  of  a  Parallelepiped. — Multiply  area  of  one  side  by  the 
perpendicular  let  fall  on  it 

Cubic  Capacity  of  a  Dome. — ^Two-thirds  of  the  product  of  the  area  of  the 
base  multiplied  by  the  height  (area  of  base  x  height  x  |). 

Cubic  Capacity  of  a  Sphere.— D^  x  -5236. 

The  cubic  capacity  of  a  bell-tent  may  be  taken  as  that  of  a  cone. 

The  cubic  capacity  of  an  hospital  marquee  must  be  got  by  dividing  the 
marquee  into  several  parts — Ist,  into  body ;  and  2d,  roof : — 

1.  Body,  as  a  solid  rectangle,  wifii  a  half  cylinder  at  each  end. 

2.  Koof,  solid  triangle,  and  two  half  cones. 

The  total  number  of  cubic  feet,  with  additions  and  deductions  all  made, 
must  then  be  divided  by  the  number  of  persons  living  in  the  room ;  the  result 
is  the  cubic  space  per  head. 

SECTION  n. 

MOVEMENT  OF  AIR  IN  THE  ROOM. 

The  direction  of  movement  must  first  be  determined,  and  then  its  rate. 

1.  DIBBOnON  OF  HOVEMBNT. 

Eirst  enumerate  the  various  openings  in  the  room — doors,  windows, 
chimney,  special  openings,  and  tubes — ^and  consider  which  is  likely  to  be  the 
direction  of  movement,  and  whether  there  is  a  possibility  of  thorough  move- 
ment of  the  air.  Then,  if  it  is  not  necessary  to  consider  further  any  move- 
ment through  open  doors  or  windows,  close  all  these,  and  examine  the  move- 
ment through  liie  other  openings.  This  is  best  done  by  smoke  disengaged 
from  smouldering  cotton-velvet,  and  less  perfectly  by  small  balloons,  light 
pieces  of  paper,  feathers,  &c  The  flame  of  a  candle,  which  is  often  used,  is 
only  moved  by  strong  currents.  It  may  be  generally  taken  for  granted  that 
one-half  the  openings  in  a  room  will  admit  fresh  air,  and  half  will  be  outlets. 
But  this  is  not  invariable,  as  a  strong  outlet,  like  a  chimney,  may  draw  air 
through  an  inlet  of  far  greater  area  than  itself  or  may  draw  it  through  a 
much  smaller  area,  with  an  increased  rapidity. 
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2.  BATS  OF  MOVEMENT. 

The  diiecidoii  being  known,  it  is  only  neceasaiy  to  measure  the  discharge' 
tbiough  the  outlets,  as  a  corresponding  quantity  of  fresh  air  must  enter. 

By  the  Anemometer, — ^This  is  best  done  by  an  anemometer,  or  air-meter,  of 
vhieh  there  are  several  in  the  market  The  one  commonly  used  is  that 
invented  by  Combes  in  1838 :  four  little  sails,  driven  by  the  moving  air,  turn 
an  axis  with  an  endless  screw,  which  itself  turns  some  small  toothed  wheels, 
which  indicate  the  number  of  revolutions  of  the  axis,  and  consequently  the 
space  traversed  by  the  sails  in  a  given  time,  say  one  minute.  M.  Neumann, 
of  Paris,  has  modified  this  anemometer  by  omitting  most  of  the  wheels,  and 
introducing  a  delicate  watchmaker's  spring,  which  opposes  the  force  of  the 
wind,  and  when  it  equals  it,  brings  the  sails  to  a  stand-still  By  a  careful 
graduation  (which  must  be  done  for  each  instrument),  the  rate  per  second  is 
determined,  and  is  indicated  by  a  small  dial  and  index. 

Mr  Casella  of  Hatton  Grarden,  has,  at  my  suggestion,  modified  and  improved 
this  instrument^  and  has  adapted  it  to  English  measures.  A  very  beautiful 
instrument  is  thus  available  at  a  comparatively  low  price,  by  which  the 
movement  of  air  can  be  measured  very  readily. 

CaseUa's  air-meter  is  thus  used : — ^Being  set  at  the  zero  pointy  it  is  placed 
in  the  current  of  air ;  if  it  is  placed  in  a  tube  or  shaft,  it  should  be  put  well 
in,  but  not  quite  in  the  centre,  as  the  central  velocity  is  always  greater  than 
that  of  the  side ;  a  point  about  two-fifths  from  the  sides  of  the  tube  will  give 
the  mean  velocity.  The  time  when  the  sails  begin  to  move  is  accurately 
noted,  and  then,  after  a  given  time,  the  instrument  is  removed,  and  the 
movement,  in  the  time  noted,  is  given  by  the  dial  A  correction  is  then  made, 
if  the  instrument  requires  it,  and  the  linear  discharge  is  obtained.  *  If  this  linear 
discharge  is  multiplied  by  the  section-area  of  the  tube  or  opening  (expressed  in 
feet  or  decimals  of  a  foot),  the  cubic  discharge  is  obtained.  If  the  current 
varies  in  intensity,  the  movement  should  be  taken  several  times,  and  the  mean 
calculated ;  and  if  the  tube  is  so  small  that  the  sails  approach  closely  to  the 
circumference,  the  results  cannot  be  depended  on.  If  placed  at  the  mouth  of  a 
tube,  it  often  indicates  a  much  feebler  current  than  really  exists  in  the  tube. 

The  cubic  discharge  per  minute  being  known,  the  amount  per  hour  is  got 
hj  multiplying  by  60,  and  this,  divided  by  the  number  of  men  in  the  room, 
gives  the  discharge  per  head  for  that  particular  aperture. 

An  anemometer  on  a  larger  scale  is  fixed  in  some  of  the  large  outlets  of  the 
Paris  hospitals,  showing  the  movement  at  every  moment  by  means  of  an 
index  and  diaLt 

By  the  Manometer. — ^Dr  Sanderson  has  made  an  ingenious  alteration  of  a 
manometer  described  by  P^clet,  which  can  also  be  employed  to  measure  the 
pressure,  and  by  calculation  the  velocity,  of  the  air.  The  current  of  air  is 
aUowed  to  impinge  on  a  surface  of  water,  and  the  height  to  which  the  water  is 
driven  up  a  tube  of  known  inclination  and  size  gives  at  once  a  measure  of  force. 
But,  as  necessiteting  a  little  calculation,  this  instrument  is  less  useful  than  the 
anemometer,  though  it  is  adapted  for  cases  where  the  anemometer  cannot  be 
n^  as  it  may  be  connected  by  a  long  tube  with  a  distant  room,  and  probably 
would  be  well  fitted  to  measure  constantly  the  velocity  in  an  extraction  shaft. 

In  measuring  the  movement  of  the  air  in  chimneys,  or  places  whether 
either  the  heat  or  the  dust  would  ii^ure  the  air-meter,  a  manometer  must  be 
used.    Mr  Eletoher  describes  what  appears  to  be  a  good  oncj: 

*  All  instraments  Teqoira  correction,  as  they  never  give  the  whole  of  the  Telocity.     In 
Guella'a  newest  forms  the  correction  is  additive  and  uniform  for  all  velocities, 
t  Peclet—  De  la  Chalenr,  t  i.  p.  171,  where  the  description  will  he  found. 
X  Fifth  Anvual  Report  sf  the  Inspector  under  the  Alkali  Act^  Blue  Book. 
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By  Calculation. — Supposiiig  the  external  air  is  tranquil,  and  that  tlie  only 
oause  of  movement  is  the  unequal  weights  of  the  external  colder  and  tho 
internal  wanner  air,  the  amount  of  discluiige  may  be  approximately  obtained 
by  the  law  of  Montgolfier,  described  in  the  chapter  on  Vkmtilation.  There 
is  a  fallacy,  however,  as  the  amount  of  friction  con  never  be  precisely  known. 
Still,  as  an  approximation,  and  in  the  absence  of  an  anemometer,  the  rule  is 
useful ;  and  I  have  therefore  calculated  a  table  as  follows. 

On  testing  this  table,  however,  by  the  air-meter,  I  have  found  it  give  too 
much  when  the  tubes  are  long,  on  account  of  the  great  friction,  and  I  would 
therefore  advise  the  further  deduction  of  Jth  when  the  shaft  or  tube  is  long, 
and  ifi  at  the  same  time  of  small  diameter.  If  the  tube  has  many  angles,  or  ia 
greatly  curved,  this  table  is  too  imperfect  to  be  used. 

Table  to  ihoui  the  Diaehargt  of  Air  in  linear  feet  per  mitude.  Calcmlatedfrom  Mont- 
golfitr'i  formula;  the  scpoimaii  of  air  being  taken  as  d'OOifor  each  dtgree  FahrtnKeU, 
and  otu-fourth  being  deduetedforfrieti^n.     i&naid  mimlere  have  been  taixa.) 


Tons*  the  table,  detenaine  the  heiRht  of  the  warm  colnmD  of  air  from  the  point  of  entr«nc« 
to  the  point  of  diflchsrga.  Ascertain  the  difference  between  its  temperature  and  that  of  the 
orternal  air.  Take  out  number  from  table,  and  multiply  by  the  section-area  of  the  discbarge- 
tobe  or  opening,  in  foot  or  decimsU  of  >  toot  The  result  ia  the  discbarge  in  cubic  feet  per 
minnte,  multiply  by  60— result,  discharga  per  hour,  ffaampfc.— Heiffht  of  column,  32  feet : 
difTereniM  of  t*mpei»tnra  between  internal  and  eitemal  air,  17  deg.  Looking  iu  the  table,  we 
and  oppnaile  to  82  and  undst  17,  37£  teat.    That  would  be  ui  area  of  1  aquare  foot 

I87B         T 
■76 
TLerefore  we  set  281   feet  (per 
1875     \        minute),  mnltiplied   by  60  — 
S625  10,8fi0  feet  pel' Loot. 
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If  the  movement  of  the  extemal  air  influencee  the  movement  in  the  room^ 
as  when  the  wind  blows  throogh  openings,  calculation  is  useless,  and  thd 
anemometer  only  can  be  depended  on, 

SECTION  IIL 
EXAMINATION  OF  THE  AIR. 

1.    BT  THE  SBNSBS. 

Many  impurities  are  quite  imperceptible  to  smell,  but  it  so  happens  that 
animal  organic  matters,  whether  arising  in  respiration  or  in  disease,  have,  for 
the  most  part,  a  peculiar  foetid  smell,  which  is  very  perceptible  to  those  trained 
to  observe  it  when  they  enter  a  room  from  the  open  air.  This  is,  in  fact,  a 
most  delicate,  as  well  as  a  ready  way  of  detecting  such  foetid  impurities,  and, 
with  a  little  trouble,  the  sense  of  smell  may  be  cultivated  to  the  point  of  ex- 
k«me  acutenesa.  Only,  it  must  be  remembered,  that  in  a  short  time  the 
impression  is  lost,  and  is  not  at  once  regained  even  in  the  open  air.  For  a 
deUdled  consideration  of  this  question  see  Dr  de  Chaumont's  papers  in  the 
"Proceedings  of  the  Royal  Society,"  1875  and  1876.  Among  other  points, 
it  is  shown  that  the  humidity  of  the  air  has  a  very  marked  influence 
in  rendering  the  smell  of  organic  matter  perceptible,  even  more  powerful  than 
a  rise  in  temperature.  Thus  the  eflfect  of  an  increase  of  (me  per  cent,  in  the 
humidity  is  as  great  as  a  rise  of  4*'  18  Fahr.  in  temperature,  calculated  fi'om 
the  mean  of  458  fully  recorded  observations.* 

As  the  evidence  of  the  senses,  however  practically  useful,  is  always  liable 
to  be  challenged,  a  more  thorough  examination  of  the  air  must  in  many  cases 
be  made. 

2.  MIGROSOOPIOAL  AND  OHEMIOAL  EXAHIKATION, 

The  points  which  should  be  examined  are — f 

1.  The  existence  and  .character  of  suspended  matters  as  judged  of  by  the 

microscope. 

2.  The  amount  of  carbonic  acid,  which  is  taken  as  a  convenient  measure  of 

all  impurities. 

3.  The  amount  of  the  ammonia  existing  as  such,  or  formed  by  the  action 

of  alkaline  permanganate  on  nitrogenous  substances  floating  in  the  air 
(free  and  albuminoid  ammonia). 

4.  The  amount  of  oxidisable  substances,  as  judged  of  by  the  amount  of 

oxygen  given  ofif  by  permanganate. 

5.  The  amount  of  watery  vapour. 

6.  The  presence  of  sulphuretted  hydrogen,  or  of  ammonia. 

Microscopical  Examination, 

1.  Suspertded  Maiter8.X — It  is  probable  that  the  microscopical  examination 
of  air  will  give  us  in  future  more  important  information  even  than  the  chemical 
examination*  It  is,  of  course,  a  merely  qualitative  test^  as  there  are  no  means 
of  properly  estimating  the  amount  collected. 


•  Snpplementary  Note  on  the  Theory  of  Ventilation,  Proceedings  of  the  Royal  Society, 
KoT.  m-1876. 

f  The  amounts  of  oxygen  and  nitrogen  can  also  be  determined ;  bnt  very  numerous  obser- 
vations hare  shown  that  the  oxygen  often  varies  within  extremely  narrow  limits,  even  when 
there  is  no  doubt  of  the  presence  of  considerable  impurity  in  the  air,  so  that  as  far  as  present 
knowledge  gives,  the  determination  of  its  amount  is  no  good  guide  as  a  general  rule. 

X  6ee  page  9/  for  an  account  of  the  suspended  matters  in  air,  ^      i 
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.  The  suspended  matters  may  be  collected  very  simply  by  Poucbet's  aeroscope. 
A  small  funnel  is  drawn  into  a  small  point,  below  wbicb  is  a  slip  of  glass 
moistened  with  glycerine.  The  end  of  the  funnel  and  a  slip  of  glass  are  inclosed 
in  an  air-tight  chamber,  from  which  a  small  glass  tube  passes  out  and  is  con- 
nected by  india-rubber  tubing  with  an  aspirator.  As  the  water  runs  out 
through  the  aspirator,  air  passes  down  the  funnel  and  impinges  on  the  gly- 
cerine, which  arrests  any  solid  particles. 

As  it  is,  however,  desirable  to  avoid  glycerine,  which  may  (in  spite  of 
previous  careful  examination)  contain  foreign  particles,  a  still  better  plan  is,  to 
take  a  sn^Jl  bent  tube,  wash  it  thoroughly,  dry  it,  and  heat  it  to  redness ; 
when  cool,  it  should  be  placed  in  a  freezing  mixture,  an  indiarrubber  tube  be 
Hxed  on  one  end,  and  air  slowly  drawn  through ;  the  water  of  the  air  condenses 
in  the  tube,  and  many  of  the  solid  particles  fall  with  it  A  drop  is  then  taken 
by  a  perfectly  clean  glass  rod,  previously  heated  to  redness,  placed  on  a  clean 
glass,  and  looked  at  with  an  immersion  lens,  as  soon  after  collection  as  pos- 
sible. 

Or  air  may  be  drawn  through  pure  distilled  water,  a  drop  of  which  is  then 
examined. 

Dr  Watson  (Staff-Surgeon),  in  his  examination  of  the  air  at  Netley,*  used 
Ime  glass  threads  soaked  in  pure  glycerine,  or  dry,  and  crushed  ghas ;  after 
the  air  was  drawn  through,  he  washed  the  glass  threads  with  pure  water,  and 
then  examined  the  water.     These  glass  thr&Guls  form  good  traps  for  the  larger 

particles.! 

An  aspirator,  to  draw  air  through  the  tubes,  is  very  easily  made ;  a  square 
tin  vessel,  with  a  tap  below,  and  a  small  opening  above  to  receive  the  india- 
rubber  tube,  is  all  that  is  necessary ;  fill  thils  with  water,  and  let  it  run  down, 
and  measure  the  total  quantity  (in  a  pint  vessel)  discharged  without  tilting  the 
vessel  An  imperial  pint  contains  34*659  cubic  inches,  and  one  fluid  ounce 
1*733  cubic  inches.  A  cubic  foot  is  very  nearly  1000  fluid  ounces,  and  the 
ounce  may  be  taken  as  1*728  cubic  inches. j:  The  exact  delivery  of  the 
aspirator  is,  therefore,  easily  determined ;  the  air  should  be  drawn  slowly 
through  the  bent  tube  in  the  freezing  mixture  or  through  the  aeroscope^  so 
that  no  particles  can  escape. 

Chemical  Examination, 

2.  Estimation  of  Carbonic  Acid, — For  our  purpose  the  method  proposed 
by  Pettenkofer  is  the  best.  A  glass  vessel  is  taken  capable  of  holding  a 
gallon,  or  4^  litres.  The  capacity  is  determined  by  filling  it  with  water,  and 
by  measuring  the  contents  by  means  of  a  litre  or  pint  measure  (1  oz. »  28*4 
cubic  centimeters).  The  vessel  is  thoroughly  dried,  and  is  then  filled  with 
the  air  to  be  examined,  which  is  most  readily  done  by  pumping  in  the  air 
with  a  bellows.  Angus  Smith  recommends  extracting  the  air  from  the  bottle. 
When  this  is  done  60  G.C.  of  clear  lime  or  baryta  water  are  put  in,  and  the 
mouth  is  closed  with  an  india-rubber  cap.§  llie  vessel  is  agitated,  so  that 
the  lime  water  may  run  over  the  sides,  and  then  is  left  to  stand  for  not  less 
than  six  or  eight  hours  if  lime-water  be  used ;  if  barytarwater  be  used  the 
experiment  may  be  completed  in  a  much  shorter  time,  less  than  one  hour. 


*  Army  Medical  Department  Report,  yol.  zi.  p.  529. 

f  I  have  found  carryine  the  air  through  a  succession  of  bottles  containing  pure  distilled 
water  the  best  plan,  for  the  sediment  is  examined  bj  the  microscope,  and  theiiquid  part  oan 
be  used  for  chemical  examinations  for  oiganic  matter.    (F.  de  G.) 

±  These  numbers  are  exact  at  89°  Fahr.,  or  the  niaximum  density  point  of  water. 

I  Should  an  india-rubber  cap  not  be  available,  a  cork  or  a  bung  may  be  used,  tieid  over  with 
leather  or  oil-skin  ;  in  that  case  the  second  alkalinity  of  the  lime-water  (if  this  be  used)  should 
be  determined  as  soon  after  the  six  or  eight  hours  as  possible,  certainly  within  24  hours. 
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The  carbonic  acid  is  absorbed  by  the  lime  or  baryta  water,  and  consequently 
the  causticity  of  these  fluids  is,  ^o  tanioy  lessened.  If  the  causticity  of  the 
lime  or  baryta  is  known  before  and  after  it  has  been  placed  in  the  vessel,  the 
difference  will  give  the  amount  of  lime  or  baryta  which  has  become  imited 
with  carbonic  acid. 
The  causticity  of  lime  is  determined  by  means  of  a  solution  of  crystallised 

oxalic  acid.  If  2*25  grammes  of  crystallised  0  (0  +  3Aq)  are  dissolved  in 
1  litre  of  water,  1  C.C.  will  exactly  neutralise  1  milligramme  ('OOl  gramme) 
of  lime ;  30  C.C.  of  lime  water  are  taken,  and  exactly  neutralised ;  good 
tormeric  paper  is  the  best  plan  for  determining  the  exact  point  of  neutralisar 
tion,  and  the  margin  of  the  drop  gives  the  most  delicate  indication.  The 
amount  of  lime  in  the  30  C.C.  is  then  equal  to  the  number  of  C.C.  of  oxalic 
add  used ;  it  is  always  somewhere  between  34  and  41  milligrammes.* 

After  the  lime  has  absorbed  the  carbonic  acid  of  the  air  in  the  vessel,  30 
C.C.  of  the  solution  are  taken  out  and  tested  with  the  oxalic  acid  solution  as 
before ;  the  difference  shows  the  milligranmies  of  lime  precipitated  by  the 
COj.  Multiply  the  difference  by  0*795,  the  result  is  the  C.C.  of  COg  in  the 
quantity  of  air  examined.  Deduct  60  C.C.  from  the  total  capacity  of  the  jar 
(to  account  for  the  space  occupied  by  the  lime  water  put  in),  and  state  the 
capacity  in  litres  and  decimals:  divide  the  C.C.  of  COj  obtained  by  the 
corrected  capacity  of  the  jar;  the  quotient  is  the  C.C.  of  COj  per  1000 
volumes  of  air. 

Example, — ^The  first  alkalinity  of  lime-water  )       og.  f^^  30  C  C 

was,      .  .  .  •  .1 

After  exposure  to  the  air  in  the  )       «». 

jar  it  was,     ....  J  " 

Difference,  being  milligrammes  of  i         6*  precipitated  by  COj  in 

lime,    .        .         .         .         .  J  jar. 

Multiply  by  factor,    .         .         .     0*795 

4-770  =  Total  CO^  in  jar  in  CC 

Capacity  of  jar, 4385  C.C. 

Deduct  60  CC.  for  space  taken  by  lime-water,       60 

Net  capacity, =  4325  C.C.  »  4*325  litres. 

Then  4-770^4*325  =  1*103  C.C.  of  COg  per  Utre,  or  volumes  per  1000. 

The  factor  0*795  is  obtained  as  follows : — ^The  difference  between  the  two 
alkalinities  expresses  milligrammes  of  lime  precipitated  by  carbonic  acid ;  from 
this  the  milligranmies  of  COj  can  be  got^  by  calculating  from  the  ratios  of 
the  equivalents  thus : 

C«0.  C0«.  Mgm.  of  CaO.    Mgm.  of  CO9. 

56       :       44         :  :         a        :        x      :     .*.      X'^ax.—  , 

Do 

Ab  one  CC.  of  C0«  at  32**  Fahr.  (0**.  cent.)  weighs  1*9767  milligrammes, 
the  ratio  between  weight  and  volume  is  =  0*506 ;  .\  x  x  0*506  =  C.C. 

of  CO  J,  corresponding  to  the  milligranmies  by  weight.  As  60  CC.  of  lime- 
water  were  put  into  the  jar,  and  only  30   CC  taken,  the  result  must  be 

*  The  amoTUit  yaries  with  the  temperature,  lime  being  less  soluble  in  hot  than  cold  watei^ 
at  (»-7  the  amount  is  88*6  with  a  dilference  of +0*1  for  every  degree  below  that,  and-O'l  for 
^?ery  degree  above  (Fahr.). 
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44 
multiplied  by  2.    Therefore  the  factors  combined  are :  gg  x  0*506  x  2  =  0*795^ 

and  thifi,  multiplied  by  Oy  the  difference  between  the  two  alkalinities,  givee 
9s,  the  total  G.C.  of  COj  in  the  jar. 

If  baryta  be  used  instead  of  lime,  it  must  be  free  of  traces  of  potash  and  soda; 
B  much  smaller  quantity  of  liquid  may  be  employed,  as  it  is  so  much  more 
soluble  than  lime ;  the  calculation  is  the  same. 

A  correction  for  the  temperature  of  the  air  examined  must  be  made,  the 
standard  being  32"*  Fahr.,  or  the  freezing-point  of  water.  If  the  temperature 
be  above  this  (as  it  will  generally  be,  at  least  in  buildings)  the  air  will  be 
expanded,  and  a  smaller  quantity,  consequently,  will  be  operated  on.  On  the 
other  hand,  below  32**  the  air  will  be  contracted,  and  a  larger  quantity 
operated  on  than  at  the  standard  temperature.  This  can  be  corrected  by 
adding  0*2  per  cent  to  the  result  for  every  degree  above  32°,  and  subtracting 
it  for  every  degree  below ;  the  reajson  being  that  air  expands  or  contaracte  0'2 
per  cent  for  every  degree  (or  1  per  cent  for  every  5  degrees)  it  deviates  from 
the  standard.     (See  MbtboroIjOGy.) 

Example. — In  the  preceding  example  the  COo  was  found  to  be  1'103  per 
1000.  Suppose  the  temperature  to  have  been  60°  Fahr.,  then  60  -  32  =  28** 
to  be  corrected  for ;  28  x  0*2  =  5*6  per  cent  to  be  added  on  to  result,  or  the 
result  must  be  multiplied  by  1-056, .-.  M03  x  1-056  =  M54  per  1000,  the 
corrected  result  Suppose  the  temperature  had  been  25**  Fahr.,  then 
32  -  25  =  7**  to  be  corrected  for ;  7  x  0*2  =  1-4  per  cent  to  be  deducted,  or  the 
result  must  be  multiplied  by  1  -00  -  -014  -  0*986, .  •.  1  -103  x  0-986  =  1  -087,  the 
corrected  result 

A  correction  for  pressure  is  not  necessary,  unless  the  place  of  observation 
be  much  removed  from  searlevel  \  in  that  case,  the  barometer  must  be  observed, 
and  a  rule  of  three  stated. 

As  standard  height  of  bar:  \  /  observed  height )    .  .  por^itv     •     -r 
(  =  29-92  in.  =  760  mm.):  J  \       '  of  bar:        /    '  '  ^P^^^^     '     ^' 

3.  Estimation  of  Free  Ammonia  and  of  the  Nitrogenous  Matter  in  Air  by 
conversion  into  Albuminoid  Ammonia. — ^The  nitrogenous  matter  existing  in 
air  may  be  in  the  form  of  dead  or  living  matter  of  very  various  kinds.  Ite 
determination  may  be  useful  as  showing  that  one  or  other  of  these  classes  of 
substances  existe  in  the  air  in  proportions  greater  than  in  pure  air.  The 
amount  of  nitrogen  may  be  estimated  in  a  sinular  manner  to  that  proposed  by 
Wanklyn  and  Chapman  for  water.  The  late  Mr  Chapman,*  finding  that  water 
did  not  sufi&ciently  absorb  the  nitrogenous  substances  in  air,  proposed  to  heat 
finely-powdered  pumice-stone  to  redness,  to  moisten  it  with  pure  water,  and 
then  to  place  it  over  some  coarse  pieces  of  pumice-stone  supported  on  wire  in 
a  funnel  j  a  definite  quantity  of  air  (say  100  litres)  is  then  drawn  through  the 
funnel ;  the  pumice-stone  is  transferred  to  a  retort  containing  water  freed  from 
ammonia,  and  distilled  as  in  the  determination  of  the  albuminoid  ammonia 
of  water.  (See  page  83.)  Dr  Angus  Smithf  takes  a  bottle  of  about^2000 
C.C.  capacity,  places  in  it  30-50  C.C.  of  the  purest  water,  draws  into  it  the 
air  to  be  examined,  and  then  agitates  the  water  in  the  bottle,  and  proceeds 
as  in  Wanklyn's  and  Chapman's  water  test  The  most  convenient  way  is  to 
draw  the  air  through  a  succession  of  wash  bottles,  each  containing  100  C.C. 
of  water,  perfectly  free  from  ammonia,  by  a  measured  aspirator,  and  then  to 
determine  the  free  and  albuminoid  NHg  in  Wanklyn's  method. 

Another  plan  is  to  lead  a  definite  quantity  of  air  through  a  clean  curved 


♦  Chemical  News,  Feb.  11,  1870.  f  Air  and  Ram,  p.  421. 
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iaboy  sanonnded  by  a  free2diig  mixtuie ;  the  water  of  the  air  oondensee,  and 
with  it  mnch  of  the  organic  matter ;  the  tube  ia  then  washed  out  with  pure 
water,  the  washings  are  put  into  a  retort  with  ammonia-free  water,  and  difitliled 
aa  iisuaL  After  paasing  through  the  tube  the  air  should  be  led  through  pure 
water  to  arrest  the  portion  of  organic  matter  that  always  escapes  condensation. 

The  amount  of  ammonia  (free  and  albuminoid)  is  determined  as  in  water 
analysis.  The  mere  presence  of  free  ammonia  may  be  determined  by  exposing 
strips  of  filtering  paper,  dipped  in  Nessler's  solution  or  in  the  etherud  solution 
of  the  alcoholic  extract  of  logwood :  the  former  becomes  yellow,  the  latter 
purple. 

The  quantity  of  air  drawn  through  must^  of  course,  be  accurately  determined 
by  a  properly  ananged  aspirator,  and  the  results  then  calculated  in  milli- 
grammes per  cubic  metre.  ** 

4.  Eftimaium  of  the  Oxiduable  Matters  in  the  Air  in  terms  of  Oxygen. — In 
this  case  a  definite  quantity  of  air  is  drawn  through  a  solution  of  permanganate 
of  potassium  of  known  strength,  and  the  amount  of  nndecomposed  perman- 
ganate is  determined  by  oxalic  acid.  Or  part  of  the  water  through  which  the 
air  has  been  drawn  for  the  ammonia  determinations  may  be  examined  in 
the  same  way  as  in  the  case  of  drinking  water.  The  permanganate  acts  upon 
various  matters  in  the  air,  besides  the  putresdble  organic  matters,  such  as 
sulphuretted  hydrogen,  jutrous  acid,  tarry  matters^  &c  The  presence  or 
absence  of  H^S  may  be  determined  qualitatively  by  means  of  acetate  of  lead 
papers,  ammonium  sulphide  by  paper  dipped  in  nitroprusside  of  sodium; 
whilst  tarry  matters  would  generally  be  recognised  by  the  smell  of  the  water, 
or  its  turbidity.  In  the  absence  of  t^ese  the  difference  between  the  perman- 
ganate determinations,  before  and  after  boiling  with  sulphuric  acid,  may  be 
calculated  as  nitrous  acid,  as  in  the  case  of  drinking  water ;  whilst  the  result 
after  boiling  may  be  reckoned  as  the  oxygen  for  oxidisable  organic  matter 

only.t 

The  nitric  acid  may  also  be  determined,  in  the  same  way  as  in  drinking 
water,  from  the  washings  of  the  air  obtained  as  above. 

All  these  determinations  should  be  made,  when  opportunities  offer,  as  the 
results  may  prove  hereafter  of  some  value. 

5.  Watery  Vapour. — ^The  hygrometric  condition  o£  the  air  is  known  in  vari- 
ous waya,  especially  by  tiie  cby  and  wet  bulbsy  as  explained  in  the  chapter 
on  MmnsaBOLOOT.  The  hair  hygrometer  is  a  very  useful  instrument  for  this 
purpose,  as  it  marks  the  degree  of  humidity  much  more  quickly  than  the  dry 
and  wet  bulbs. 


SECTION  IV. 
SCHEME  FOR  THE  APPLICATION  OF  THE  FOREGOING  RULES. 

When  a  ventilation  inquiry  is  about  to  be  made,  everything  ought  to  be  got 
ready  before-hand.  A  number  of  bottles  (about  4  to  4i  litres),  or  glass  jars, 
ought  to  be  carefully  measured,  and  the  capacity  in  C.C.  (less  60  C.C.  to 
account  for  the  lime-water)  marked  upon  them ;  each  bottle  ought  also  to  have 
a  closely  fitting  india-rubber  cap  and  a  distinctive  number.  These  bottles  are 
to  be  used  for  collecting  the  samples  of  air  for  COj.  Charges  of  lime-water 
(each  60  C.C.)  ought  to  be  carefully  measured  off  with  a  burette,  or  graduated 

.»  ■_■- -  ~  .        I   -  — 

*  One  cubic  metre  equals  1000  litrea,  or  1.000,000  CG. 

t  See  Reports  on  St  Mary's  Hospital  by  Dr.  F.  de  Chaumont, 
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pipette,  into  small  stoppeied  bottles.  Two  or  moie  sets  of  wet  and  dry  bulb  ther- 
mometeis  ought  to  be  ready,  and  two  or  more  series  of  not  less  than  six  bottles, 
each  containing  about  100  C.C.  of  pure  distilled  water,  connected  together 
with  glass  tubes  and  india-rubber  caps ;  also  four  or  more  aspirators*  for  draw- 
ing the  air  through  the  bottles.  One  of  Casella's  small  air  meters,  with  a  long 
pole  in  joints,  into  which  it  can  be  screwed,  a  measuring  tape  and  foot  rule, 
a  pair  of  bellows,  a  pocket  compass,  some  pieces  of  cotton-yelvet,  a  note-book, 
are  also  necessary. 

When  a  room  has  to  be  examined,  enter  it  after  being  some  time  in  the 
open  air,  and  notice  if  there  be  any  smell ;  record  the  sensation  at  once  in  your 
notea  Hang  up  the  wet  and  dry  bulb  thermometer  (if  it  has  not  been  placed 
there  before),  and  then  proceed  to  take  samples  of  the  air  for  COj;  if 
necessary,  attach  a  piece  of  india-rubber  tubing  to  the  nozzle  of  the  beUowa, 
S9  as  to  get  down  to  the  bottom  of  the  jar.  Pump  about  50  or  100  strokes ; 
then  pour  in  the  lime-water  from  one  of  the  small  bottles,  put  on  the  india- 
rubber  cap,  and  shake  it  up.  Always  take  two  samples  at  least,  and  more  if 
a  large  room.  Kote  the  numbers  of  the  bottles.  Take  the  wet  and  dry  bulb 
readings.  Arrange  the  set  of  bottles  with  distilled  water  in  some  convenient 
place,  and  attach  them  to  one  of  the  aspirators,  which  may  be  allowed  to  flow 
into  another  below  it.  When  the  upper  one  is  empty  it  may  be  changed  for 
the  lower  one,  and  so  the  stream  of  air  may  be  carried  on  for  any  length  of 
time,  as  seems  necessary, — ^the  number  of  times  the  aspirators  are  changed 
shoiQd  be  duly  noted.  In  determining  the  carbonic  acid,  put  out  all  the 
lights,  or  have  only  sufficient  for  working  purposes ;  allow  no  smoking,  and 
have  no  person  in  the  room  but  those  who  are  sleeping  there.  The  aspirators 
may  be  allowed  to  go  on  continuously,  but  the  examination  of  the 
air  for  COg  ought  to  be  repeated  at  interyaLs,  the  exact  time  of  observa- 
tions being  noted.  At  the  same  time,  similar  observations  ought  to  be  made 
in  the  open  air,  as  nearly  as  possible  simultaneously  with  those  inside.  At 
some  convenient  time  the  measurements  of  the  room  and  the  ventilators,  the 
velocities  of  the  currents  of  air,  &c.,  should  be  taken  on  some  such  plan  as  the 
following  : — ^Measure  the  cubic  space,  then  consider  the  possible  sources  of 
entrance  and  exit  of  air ;  if  there  are  only  doors  and  windows,  notice  the  dis- 
tance between  them,  how  they  open,  on  what  external  place  they  open; 
whether  there  is  free  passage  of  air  from  side  to  side ;  whether  it  is  likely  the 
air  will  be  properly  distributed.  On  all  these  points  an  opinion  is  soon 
arrived  at.  If  there  are  other  openings,  measure  them  all  carefully,  so  as  to 
get  their  superficies ;  the  chimney  must  be  measured  at  its  throat  or  smallest 
part  Determine  then  the  direction  of  movement  of  air  through  these  open- 
ings by  smoke,  noting  the  apparent  rapidity.  The  doors  and  windows  should 
be  closed.  When  the  inlets  have  been  discovered,  consider  whether  the  air 
is  drawn  from  a  pure  external  source,  and  whether  there  is  proper  distribution 
in  the  room,  llien  measure  the  amount  of  movement  in  both  inlets  and 
outlets  with  the  anemometer,  or  calculate  by  the  table  if  it  seems  safe  to  do 
so. 

If  the  ventilation  of  the  room  is  influenced  by  the  wind,  the  horizontal, 
movement  of  the  external  air  should  be  determined  by  Eobinson's  anemo- 
meter, or  the  little  air-meter  by  Casella  may  be  also  used  for  this  purpose. 

*  The  aspirator  is  simply  a  tin  box  of  about  one  cubic  foot  (28J  litres)  in  capacity,  it  is  filled 
with  water  and  there  is  a  short  tube  in  the  top,  to  which  the  tube  from  the  bottle  may  be  con- 
nected by  means  of  an  india-rubber  cap.  At  the  bottom  there  is  a  tap  by  which  the  water  can  be 
drawn  off;  as  the  vessel  empties  an  equivalent  bulk  of  air  enters,  having  passed  through  the 
bottles.  Each  time  an  aspirator  is  emptied  the  quantity  of  air  drawn  througn  should  be  noted  ; 
the  velocity  of  the  current  ought  not  to  be  too  great,  and  it  can  be  easily  regulated  by  the  tap. 
It  is  weU  to  number  the  aspirators  and  mark  the  capacity  on  each,  as  in  the  case  of  the  bottles. 
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In  lecoiding  the  velocity  of  the'' air  at  any  openings,  it  is  convenient  to 
mark  an  incoming  current  with  a  plus  sign  and  an  outgoing  with  a  minuSf 
thus: +  75  would  mean  an  incoming  current  at  the  rate  of  75  feet  per 
minute ;  whilst  —  63  would  mean  an  outgoing  current  at  63  feet  per  minute. 

When  the  final  analyses  are  made,  and  the  amount  of  COg  determined,  the 
amount  of  air  per  head  per  hour,  supplied  iqid  utilised,  ought  to  be  calculated 
out  (aa  before  explained),  4UQd  compared  with  the  amount  of  movement 
determined  with  the  air  meter.  If  the  quantities  accord  fairly,  the  distribu- 
tion may  be  considered  good ;  on  the  other  hand,  if  they  differ,  an  excess  by 
the  air-meter  shows  bad  distribution,  whilst  a  deficiency  indicates  some  other 
source  of  incoming  air  not  yet  observed 

The  water,  through  which  the  air  has  been  passed  by  the  aspirator,  ought 
to  be  examined  at  once^  if  practicable ;  if  not,  the  bottles  ought  to  be  carefully 
stoppered,  and  the  stoppers  tied  down  with  leather  or  strong  linen, — ^when 
convenient,  the  sediment  should  be  examined  microscopicallv,  and  the  water 
(when  the  sediment  has  subsided)  chemically  as  before  explamed. 


CHAPTER    V, 
FOOD. 

SECTIOI!^  L 

GENERAL  PEINCIPLES  OF  DIET. 

A  FOOD  is  either  a  substance  with  a  store  of  potential  or  latent  energy,  which 
is  capable  of  being  manifested  in  the  body  under  the  form  of  heat^  electricity, 
mechanical  movement,  formative  power  (if  such  a  term  may  be  used),  &c., 
and  which  manifestations  serve  the  purposes  of  healthy  life,*  or  it  is  a  sub- 
stance which  aids  or  permits  the  manifestation  and  application  of  this  energy. 
Under  the  first  head  come  aU  the  substances  capable  of  oxidation  (or  deozida- 
tion,  or  splitting,  if  it  be  hereafter  proved  that  eneigy  is  manifested  or 
transformed  during  such  alterations) ;  and  under  the  second,  the  substances 
which,  though  not  oxidisable,  play  an  essential  part  in  preparing  the  conditions 
for  chemical  changes,  such  as  water  and  some  salts.  Neither  class,  per  se^  is 
capable  of  the  manifestation  of  energy,  and  therefore  the  title  of  food  is 
strictly  applicable  only  when  both  classes  are  present  Indeed,  it  may  be  said 
that  the  full  powers  as  food,  even  of  the  first  class,  are  only  manifested  when 
certain  different  kinds  of  aliments  which  make  up  the  class  exist  together. 
There  must,  therefore,  be  a  combination  of  the  so-called  foods  to  maintain 
perfect  nutrition.  The  enumeration  and  classification  of  the  foods  or  aliments 
necessary  to  maintain  human  life  in  its  most  perfect  state  have  been  usually 
based  on  the  deduction  of  Prout^  that  milk  contains  all  the  necessary  aliments, 
and  in  the  best  form.  The  substances  in  milk  are — Ist^  the  nitrogenous 
matters,  viz.,  the  casein  principally,' and  in  smaller  quantities,  albumen,  lacto- 
protein,  and  perhaps  other  albuminous  bodies ;  2d,  the  fat  and  oil ;  3d,  sugar 
in  the  form  of  lactin ;  4th,  water  and  salts,  the  latter  being  especially  com- 
binations of  magnesium,  calcium,  potassium,  sodium,  and  iron,  with  chlorine^ 
phosphoric  acid,  and  in  smaller  quantities  sulphuric  acid. 

In  addition  to  their  occurrence  in  milk,  which  is  admitted  to  be  a  perfect 
food  for  the  young,  this  enumeration  of  aliments  appears  to  be  justified  by 
two  considerations.  Firsts  that  the  dififerent  members  of  each  class,  inter  se, 
have  a  remarkably  similar  composition,  while  there  are  broad  lines  of  physical 
and  chemical  demarcation  between  the  classes;  and  secondly,  that  the 
different  classes  appear  to  serve  different  purposes  in  nutrition,  and  are  all 
necessary  for  perfect  health 

The  first  point  is  obvious  enough.  The  nitrogenous  aliments  are  blood- 
fibrine,  muscle-fibrine  or  syntonin,  myosin,  vegetable  fibrine,  albumen  in  its 
various  form^  casein  (in  its  animal  and  vegetable  forms),  and  globulin. 
Their  composition,  &c.,  is  remarkably  uniform;  they  contain  between  15*4 
and  16*5  per  cent  of  nitrogen,  and  may  be  conveniently  distingmshed  by  the 

*  The  addition  that  the  manifestation  of  eneigy  in  the  body  serves  the  purposes  of  healthy 
nutrition  is  neoessarv  to  distinguish  the  actions  of  food  from  those  of  medicines  or  poisons, 
which  only  serve  healthy  nutrition  indirectly  by  actmg  on  the  processes  of  unhealthy  nutrition. 
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jcommon  term  of  aXbuminates.  They  can  replace  each  other  in  imtiition. 
There  are  some  other  nitrogenous  bodies,  such  as  gelatine  and  chondrin,  and 
the  substances  classed  under  keratin  or  elastin,  which,  though  approaching  in 
chemical  characters  to  the  other  substances,  are  not  their  nutritive  equals. 

The  second  class  consists  of  the  various  animal  and  vegetable  &ts,  wax, 
&&,  the  composition  of  which  is  very  uniform,  and  the  chief  nutritive  differ- 
ences of  which  depend  on  physical  conditions  of  form  or  aggregation,  which 
cause  some  fats,  when  acted  upon  by  the  alimentary  fluids,  to  be  more  easily 
absorbed  than  others. 

The  group  of  the  starchy  and  saccharine  substances  (the  carbo-hydrates),  or 
of  their  allies  or  derivatives  (dextrin,  pectin),  is  equally  well  characterised  by 
chemical  resemblances,  inter  ae,  and  differences  from  the  other  groups.  The 
several  dietetic  starches,  sugars,  including  lactin,  cellulose  (whose  want  of 
nutritive  power  is  dependent  on  form  and  aggregation,  and  which  requires 
for  digestion  a  more  elaborate  apparatus  than  some  am'Tnals  possess),  and  the 
various  derivatives  of  the  starches,  are  all  closely  allied.  There  has  been 
some  doubt  whether  pectin  should  be  classed  chemically  with  the  sugar  and 
starch  group,  as  the  oxygen  and  hydrogen  are  not  in  the  proportions  to  form 
water,  but  this  is  perhaps  no  objection  to  its  association  in  a  dietetic  classifi- 
cation. 

The  fourth  classy  consisting  of  the  salts  already  noted  and  of  water,  needs 
no  conmient. 

The  physiological  evidence  that  these  classes  of  aliments  serve  different 
purposes  in  nutrition  is  not  so  complete  as  that  of  their  chemical  differences. 
Few  will  doubt^  I  persume,  that  a  broad  distinction  must  be  drawn  between 
the  nitrogenous  and  non-nitrogenous  substances.  Late  researches,  which 
have  much  modified  our  opinion  of  the  direction  in  which  the  potential  energy 
of  the  dietetic  principles  may  be  manifested  (as  heat,  or  electricity,  or  mechani- 
cal movement),  and  of  the  mode  in  which  the  nitrogenous  substances  in  par- 
ticular, aid  or  restrain  this  transformation,  do  not,  it  appears  to  me,  impeach 
the  proposition  that  the  presence  of  nitrogen  in  an  organised  structure,  and 
its  participation  in  the  action  going  on  there,  is  a  necessary  condition  for  the 
manifestation  of  any  force,  or  any  chemical  change.  Whether,  when  energy  is 
manifested,  the  nitrogenous  framework  of  any  nitrogenous  structure  is  a  mere 
stage  on  which  other  actors  play,  or  whether  it  is  used  up  and  destroyed,  or 
is,  on  the  other  hand,  built  up  or  renovated  during  action,  is,  as  far  as  classi- 
fication of  food  is  concerned,  a  matter  of  no  consequence. 

The  following  considerations  seem  to  prove  the  necessary  participation  of 
the  nitrogenous  structures  in  manifestations  of  energy.  Every  structure  in 
the  body  in  which  any  form  of  energy  is  manifested  (heat,  mechanical  motion, 
chemical  or  electriccd  action,  &c.)  is  nitrogenous.  The  nerves,  the  muscles, 
the  gland  cells,  the  floating  cells  in  the  various  liquids,  the  semen  and  the 
ovaiian  cells,  are  all  nitrogenoua  Even  the  non-cellular  liquids  passing  out 
into  the  alimentary  canal  at  various  points,  which  have  so  great  an  action  in 
preparing  the  food  in  different  ways,  are  not  only  nitrogenous,  but  the  con- 
stancy of  this  implies  the  necessity  of  the  nitrogen,  in  order  that  these  actions 
shall  be  performed ;  and  the  same  constancy  of  the  presence  of  nitrogen, 
when  function  is  performed,  is  apparently  traceable  through  the  whole  world. 
Surely  such,  constancy  proves  necessity.  Then,  if  the  nitrogen  be  cut  off 
from  the  body,  the  various  functions  languish.  This  does  not  occur  at  once, 
for  every  body  contains  a  store  of  nitrogen,  but  it  is  at  length  inevitable. 
Again,  if  it  is  wished  to  increase  the  manifestation  of  the  energies  of  the  vari- 
ous organs,  more  nitrogen  must  be  supplied*  The  experiments  of  Pettenkof  er 
and  Yoit  e^ow  that  the  nitrogenous  substances  composing  the  textures  of  the 
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body  determine  the  absorption  of  oxygen.*  The  condensation  of  the  oxygen 
from  the  atmosphere,  its  conversion  into  its  active  condition  (ozone),  and  its 
application  to  oxidation,  are  according  to  their  experiments  entirely  under  the 
control  of  the  nitrogenous  tissues  (fixed  and  floating),  and  are  apparently  pro- 
portional to  their  size  and  vigour,}  and  to  changes  occurring  in  them.  The 
absorption  of  oxygen  does  not  determine  the  changes  in  the  tissues,  but  the 
changes  in  the  tissues  determine  the  absorption  of  oxygen-  In  other  words, 
without  the  participation  of  the  nitrogenous  bodies,  no  oxidation  and  no 
manifestation  of  energy  is  possible.  K  I  rightly  interpret  the  experiments, 
they  show  that  the  absorption  of  oxygen  by  the  lungs  (blood-composition,  and 
physical  conditions  of  pressure,  &c.,  remaining  constant),  is  dependent  on  its 
disposal  in  the  body,  and  that  this  disposal  is  in  direct  relation  with  the 
absolute  and  relative  amount  and  action  of  the  nitrogenous  structures. 
Mechanical  motion,  electricity,  or  heat  may  be  owing  to  oxidation  of  fat  or 
of  starch,  or  of  nitrogenous  substance ;  but  whatever  be  the  final  source,  the 
direction  is  given  by  the  nitrogenous  structures. 

The  next  point  is  not  quite  so  clear.  Are  the  non-nitrogenous  bodies,  the 
fats  and  the  starches,  to  be  again  broadly  separated  into  two  groups,  which 
cannot  replace  each  other ;  or,  are  these  nutritively  convertible  ]  It  is  now 
certain  that  fat  arises  from  albuminates,!  so  that  the  nitrogenous  substance 
plays  two  parts — ^first,  of  the  organic  framework,  i.e.,  of  the  regulator  of  oxi- 
dation and  of  transformation  of  energy ;  and  second,  it  forms  a  non-nitrogenous 
substance  which  is  oxidised  and  transformed. 

The  experiments  of  Edward  Smith,  Fick  and  Wislicenus,  Haughton,  and 
others,  on  muscidar  action,  prove  that  we  must  look  for  the  main  source  of 
energy  which  is  apparent  during  muscular  action  in  the  oxidation  of  non- 
nitrogenous  substances,  but  no  experiments  have  yet  shown  whether  these  are 
fatty  or  saccharine.  It  seems  to  be  inferred  that  it  is  fat  which  is  thus 
chiefly  acted  upon ;  but  this  opinion  is  rather  derived  from  a  reference  to  the 
universal  presence  of  fat  when  energy  is  manifested,  to  the  known  necessity 
of  it  in  diet  (for  though  the  dog  and  the  rat  (Savory)  can  live  on  fat-free 
meat  alone,  man  cannot  do  8o),§  and  from  the  large  amount  of  energy  its  oxida- 
tion can  produce,  than  from  actual  observation.  If  it  were  true,  a  broad  dis- 
tinction would  be  at  once  drawn  between  fatty  and  starchy  food,  but  it  is  not 
experimentally  proved.  If,  on  the  other  hand,  it  were  certain  that  the  starchy 
aliments  formed  fat  in  the  human  body  as  a  rule,  this  would  be  a  reason  for 
drawing  no  distinction  between  the  groups.  Independent  of  the  aigument 
drawn  from  bees  fed  on  sugar  alone  and  forming  wax,  from  the  fattening  of 
ducks  and  geese,  and  the  older  experiments  on  pigs,  the  later  experiments  of 
Lawes  and  Gilbert||  seem  to  clearly  show  that  the  fat  stored  up  in  fattened 
pigs  cannot  be  derived  from  the  fat  given  in  the  food,  but  must  have  been 
produced  partly  from  nitrogenous  substances,  but  chiefly  from  the  carbo* 
hydrates.  So  also  it  seems  now  probable  that  the  fat  in  milk  is  not  derived 
at  once  from  blood,  but  from  changes  of  albtimen  in  the  lacteal  gland-cells. 
There  seems  no  reason  why  we  should  not  extend  the  inference  to  man.  If 
so,  a  man  could  live  in  perfect  health  on  a  diet  composed  only  of  fat-free 

*  Zeitsch.  far  Biologie,  band  ii.  p.  457.  See  especially  tlie  summary  of  their  opinion  at 
page  571. 

t  When  to  a  diet  of  meat,  which  causes  a  certain  absorption  of  oxygen,  fat  or  sugar  is  added, 
the  absori)tion  of  oxygen  lessens  (Banke,  Phys.  des  Menschen,  1868,  p.  H5);  so  that  it  is  rela- 
tive as  well  as  absolute  amount  which  comes  into  play. 

X  According  to  Hennebe^,  100  parts  of  dry  albumen  can  yield  61*4  parts  of  fat. 

§  Ranke  could  not  mamtain  himself  in  perfect  nutrition  on  meat  alone.  PhysloL  dea 
Menschen  1868,  p.  149. 

II  On  the  Sources  of  the  Fat  in  the  Animal  Body,  Phil.  Mag.  Dec.  1866. 


GENERAL  PRINCIPLES  OF  DIET.  189 

meat  and  starch,  ivith  salts  and  water,  just  as  he  can  certainly  live  (though 
perhaps  not  in  the  highest  health)  on  meat,  fat,  salts,  and  water.  The  carbo- 
hydrates would  then  be  proved  to  be  able  to  replace  fats.  The  experiment 
has  not  yet  been  performed  to  my  knowledge,  but  it  seems  important  it  should 
be. 

Grouven's  expeiiments  also  suggest  that  in  cattle  the  carbo-hydrates  may 
split  up  in  the  alimentaiy  canal  into  glycerine,  lactic,  and  butyric  acids,  and 
carbonic  acid  and  marsh  gas.  If  this  be  true,  in  the  herbivora  the  starches 
would  be  merely  another  form  of  fat 

An  argument  against  the  fats  and  carbo-hydrates  being  mutually  replaceable 
under  ordinary  conditions  in  the  diet  of  men  is  drawn  from  a  consideration 
of  the  diets  used  by  all  nations.  In  no  case  in  which  it  can  be  obtained  is  an 
admixture  of  starch,  in  some  form,  with  fat  omitted.  Moreover,  in  aU  cases 
(except  in  those  nations,  like  the  Esquimaux,  who  are  under  particular  con- 
ditions of  food)  we  find  that  the  amount  of  fat  taken  is  comparatively  small 
as  compared  with  that  of  starches.  Why  should  this  be,  if  the  two  groups 
serve  virtually  the  same  end  1  Is  it  a  matter  of  chance  that  nature  has  every- 
where mixed  up  fat  and  carbo-hydrates  in  those  foods  on  which  men  thrive 
best,  or  is  it  this  mixture  which  has  aided  in  making  men  what  they  are  ? 
Analyse  almost  all  the  known  diets  in  the  world,  which  are  not,  so  to  speak, 
diets  of  necessity,  and  they  consist  (besides  water  and  salts)  of  nitrogenous 
substances,  fat,  and  starches.  If  the  two  latter  are  convertible,  why  should 
we  not  find  in  some  places  diets  of  albuminates  and  fats  only ;  in  others  of 
albuminates  and  starches  only)  Why  should  there  be  this  singular 
uniformity  of  combination  1  Why,  also,  should  all  nations  so  eagerly  seek 
after  starches  and  sugars,  even  when  fats  are  available,  so  that  it  seems  almost 
an  instinct  to  desire  them )  The  fats  when  taken  into  the  body  enter  like  the 
albuminates  into  the  structure  of  the  tissues,"^  of  which  fat  forms  in  probably 
all  cases  an  essential  part  The  carbo-hydrates,  on  the  other  hand,  in  the 
human  body  do  not  appear  to  be  parts  of  the  tissues,  though  they  are 
contained  in  the  fluids  which  bathe  them,  or  are  contained  in  them.  The 
special  direction  which  the  chemical  changes  in  the  carbo-hydrates  take  in  the 
body,  seem  also  to  point  to  special  duties.  Thus,  the  formation  of  lactic  and 
other  acids  of  the  same  class  must  arise  from  carbo-hydrates  chiefly  or  solely. 
But  the  formation  of  these  acids  is  certainly  most  important  in  nutrition,  for 
the  various  reaction  of  the  fluids,  which  offer  so  striking  a  contrast 
(the  alkalinity  of  the  blood,  the  acidity  of  most  mucous  secretions,  of  the 
sweat,  urine,  &c.),  must  be  chiefly  owing  to  the  action  of  lactic  acid  on  the 
phosphates,  or  the  chlorides,  and  to  the  ease  with  which  it  is  oxidised  and 
removed.  If  the  direction  of  the  changes  which  the  carbo-hydrates  undergo 
within  the  body  is  different  from  that  of  the  fats,  the  products  of  these 
changes  must  be  inferred  to  play  dissimilar  parts. 

Without  pushing  these  arguments  too  far,  and  with  the  admission  that  the 
subject  is  very  obscure,  I  think  we  are  entitled  to  assert  that  the  two  groups  of 
fats  and  carbo-hydrates  are  not  so  immediately  and  completely  convertible  as  to 
permit  us  to  place  them  together  in  a  classification  of  diets. 

In  the  second  question  to  which  reference  was  made,  viz.,  that  of  a  nitro- 
genous substance  furnishing  fat,  or  a  carbo-hydrate,  the  case  is  simpler.     The 

*  The  fats  appear  to  pass  into  the  body  directly  and  after  saponification,  which 
renders  absorption  easy.  T^e  soap  is  then,  according  to  Badxiejewski's  experiments  (Virdiow's 
ArchiT,  band  xliii.  p.  208).  rsconyeited  into  fat.  It  nas  been  supposed  that  the  greater  part  o 
the  Ussne  fkt  (fat  cells)  is  not  derived  in  this  way,  but  from  the  tissue  albuminates ;  but 
Hofouoin'a  experiments  and  reasonings  (Zeitsch.  flir  Biol.,  band  viii,  p.  158.)  seem- to  show  that 
the  ingested  fata  are  stored  up  laigely.    Clinical  observations  certainly  support  this  view. 
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experiments  of  Voit,  and  of  Lawes  and  Gilbert^  as  well  as  otter  considerations, 
prove  that  the  fat  of  tissues  may  be  derived  from  nitrogenous  substances,  and 
there  are  reasons  to  believe  that  a  glycogenous  substance  may  also  be  derived 
from  albuminates.*  It  is  also  probable,  though  not  proved,  that  these  non- 
nitrogenous  derivatives  may  be  burnt  up  in  the  muscles  and  other  parts,  as 
Fick  conjectures,  f  But  this  cannot  allow  us  to  consider  an  albuminate  as  an 
aliment  which  may  replace  fat  or  starch  in  the  case  of  man.  The  digestive 
system  of  man  is  framed  so  differently  from  that  of  the  camivora,  that  fat 
must  be  taken  in  its  own  form,  for  it  either  cannot  be  formed  in  sufficient 
quantity  from  albuminates,  or  the  body  is  poisoned  by  the  excess  of  nitn^en 
which  is  necessarily  absorbed  to  supply  it 

With  regard  to  the  necessity  of  dl  four  classes  of  aliments,  it  can  be 
affirmed  with  certainty,  that  (putting  scurvy  out  of  the  question)  men  can  live 
for  some  time  and  be  healthy  with  a  diet  of  albuminates,  fat,  salts,  and  water. 
But  special  conditions  of  life,  such  as  great  exercise,  or  exposure  to  very  low 
temperature,  appear  to  be  necessary,  and  under  usual  conditions  of  life  health 
is  not  very  perfectly  maintained  on  such  diet  It  has  not  yet  been  shown 
that  men  can  live  in  good  health  on  albuminates,  carbo-hycbates,  salts,  and 
water,  &c.,  without  fat  t 

The  exact  effect  produced  by  the  deprivation  of  any  one  of  these  classes  is 
not  yet  known.  An  excess  of  the  albuminates  causes  a  more  rapid  oxidation 
of  fat  (and  in  dogs  an  elimination  of  water),  while  an  excess  of  fat  lessens  the 
absorption  of  oxygen,  and  hinders  the  metamorphosis  of  both  fat  and  albu- 
minate tissues.  The  carbo-hydrates  have  the  same  effect  when  in  excess,  and 
appear  to  lessen  the  oxidation  of  the  two  other  classes. 

It  is  now  generally  admitted  that  the  success  of  Mr  Banting's  treatment  of 
obesity  is  owing  to  two  actions :  the  increased  oxidising  effect  on  fat,  conse- 
quent on  the  increase  of  meat  (especially  if  exercise  be  combined),  and  the 
lessened  interference  with  the  oxidation  of  fat  consequent  on  the  deprivation 
of  the  starches. 

Health  cannot  be  maintained  on  albuminates,  salts,  and  water  alone ;  but^ 
on  the  other  hand,  it  cannot  be  maintained  without  them. 

The  salts  and  water  are  as  essential  as  the  nitrogenous  substances.  Lime, 
chiefly  in  the  form  of  phosphate,  is  absent  from  no  tissue ;  and  there  is  reason 
to  think  no  ceU  growth  can  go  on  without  it ;  certainly  in  enlarging  morbid 
growths  and  in  rapidly  growing  cells  it  is  in  large  amount 

When  phosphate  of  calcium  was  excluded  from  the  diet,  the  bones  of  an 
adult  goat  were  not  found  by  H.  Weiske  to  be  poorer  in  lime,§  because  pro- 
bably lime  was  drawn  from  other  parts ;  but  the  goat  became  weak  and  dull, 
so  that  nutrition  was  interfered  with.  The  lowest  f oims  of  life  (Bacteria  and 
Fungi)  will  not  grow  without  earthy  phosphates. 

Magnesia  is  probably  also  an  essential  constituent  of  growth  in  some  tissues. 
Potash  and  soda,  in  the  forms  of  phosphates  and  chlorides,  are  equally  im- 
portant, and  would  seem  to  be  especially  concerned  in  the  molecular  currents ; 
forming  parts  of  almost  all  tissues,  they  are  less  fixed,  so  to  speak,  than  the 
magnesian  and  lime  salts.     It  is  also  now  certain,  that  the  two  alkalies  do 

*  In  addition  to  physiological  evidence  from  experiments  on  animals,  there  are  certain 
forms  of  dial>etes  which  seem  to  prove  that  sugar  must  be  formed  either  firam  albuminates  or 
fot,  most  probably  the  former. 

4  Archiv.  fur  ges.  Pfcys.  band  v.  p.  40. 

X  In  some  experiments  I  have  made  both  with  Liebig's  essence  of  meat  and  HassalVs  dried 
food  with  bread,  I  was  very  much  struck  with  the  bad  effect  produced  on  the  health  of  the 
experimentators,  and  with  the  immediate  relief  given  by  the  addition  of  butter  and  a  larger 
Aupply  of  starch,  without  augmentation  in  the  amount  of  nitrogen. 

§  aits,  far  Biol,  band;  vii.  p.  179. 
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not  replace  each  other,  and  hare  a  different  distribution ;  and  it  is  so  far 
observable,  that  the  potash  seems  to  be  the  alkali  for  the  formed  tissues,  such 
as  the  blood  cells  or  muscular  fibre ;  while  the  soda  salts  are  more  largely  con- 
tained in  the  intercellular  fluids  which  bathe  or  encircle  the  tissues. 

The  chlorine  and  phosphoric  acid  have  also  very  pecidiar  properties, — the 
former  apparently  being  easily  set  free,  and  then  giving  a  very  strong  acid, 
which  has  a  special  action  on  albuminates,  and  the  latter  having  remarkable 
combining  proportions  with  alkalies.  Both  are  furnished  in  almost  aU  food ; 
the  sodium  chloride  also  separately.  Carbonic  acid  is  both  introduced  and 
made  in  the  system,  and  probably  serves  many  uses.  Iron  is,  of  course,  also 
essential  for  certain  tissues  or  parts,  especially  for  the  red-blood  corpuscles, 
and  for  the  colouring  matter  in  muscle,  and  in  small  quantity  is  found  almost 
in  every  tissue,  and  in  every  food.  The  sulphur  and  phosphorus  of  the  tissues 
appear  to  enter  especially  as  such  with  the  albuminates. 

Some  salts,  especially  those  which  form  carbonates  in  the  system,  such  as 
the  lactates,  tartrates,  citrates,  and  acetates,  give  the  alkalinity  to  the  system 
which  seems  so  necessary  to  the  integrity  of  the  molecular  currents.  The 
state  of  malnutntion,  which  in  its  highest  degree  we  call  scurvy,  appears  to 
follow  inevitably  on  their  absence ;  and  as  they  exist  chiefly  in  fresh  vege- 
tables, it  is  a  well-known  rule  of  dietetics  to  supply  these  with  great  care 
though  their  nutritive  power  otherwise  is  smaU.  So  important  are  those 
substances,  that  they  might  well  be  placed  in  a  separate  class,  although  Dr 
Pavy  remarks  that  "  these  principles  are  hardly  of  sufficient  importance,  in 
an  alimentary  point  of  view,  so  called,  for  their  consideration  under  a  distinct 
head*"  Surely,  this  is  an  under-estimate  of  their  importance,  considering  the 
inevitable  malnutrition  that  follows  on  their  absence. 

In  addition  to  the  substances  composing  these  four  classes,  there  are  others 
which  enter  into  many  diets,  and  wluch  have  been  termed  "  accessory  foods," 
or  by  some  writers  "  force  regulators  "  (like  the  salts).  The  various  condi- 
ments which  give  taste  to  food,  or  excite  salivary  or  alimentary  secretions, 
and  tea,  coffee,  cocoa,  alcohol,  &c,  furnish  the  chief  substances  of  this  class. 
Much  discussion  has  taken  place  as  to  the  exact  action  in  nutrition  of  these 
substances,  but  little  ia  definitely  known.  They  may  possibly  undergo 
chemical  action  (oxidation  or  splitting),  or,  vrithout  doing  so,  may  enter  into 
combination  with  gland  cells  or  tissues,  and  modify  the  currents  or  molecular 
movements,  and  thus  be  entitled  to  the  term  of  "  force  regulators,"  but  it  is 
impossible  at  present  to  assign  td  them  their  true  action. 

I  have  entered  so  far  into  this  subject  chiefly  for  the  purpose  of  showing 
why  I  believe  the  old  classification  of  aliments  to  be  correct^  and  why,  what- 
ever may  be  the  future  direction  of  physiology,  it  is  not  likely  to  be  seriously 
affected. 

Admitting  the  necessity  of  a  certain  amount  of  each  of  the  four  classes  for 
a  perfect  diet,  it  has  now  to  be  inquired  what  quantity  of  each  class  is  neces- 
sary, and  how  the  latent  energy  in  each  class  may  be  best  secured  for  the 
porposes  of  the  body. 

Sub-Section  L — Quantitt  of  each  Class  op  Proximate  Alimbnt  in  a 

Good  Diet  for  Healthy  Men. 

This  has  been  determined  partly  by  observation  on  a  great  number  of 
dietaries,  and  partly  by  physiological  experiments.  The  general  result  of  the 
whole  are  given  in  the  following  table : — 


192  FOOD, 

standard  diet  *  for  a  Male  European  Adidij  of  average  height  (5  ft.  6  in,  to 
h  ft  10  »n.)  aiid  average  weight  «  140  lbs,  av,  (66  hilogrammed)  to  160 
lbs,  )72'7  kilogrammes),  in  moderate  tvork. 


Water-free  Sabetancee  gXwem  Dailj. 

Oanoea  AtoIf. 

Grammes. 

Albuminous  substancesy .... 

Fatty  substances, 

Carbo-hydrates, 

Salts, 

Total  water-free  food,    .     . 

4-687 

2-964 

14-257 

1-058 

180 
84 

404 
80 

22-866 

648 

Assuming  the  water-free  food  to  be  23  ounces,  and  a  man's  weight  to  be 
150  fi>,  each  ft  weight  of  the  body  receives  in  24  hours  0*15  ounces,  or  the 
whole  body  receives  nearly  y^  part  of  its  own  weight. 

This  is  the  dry  food,  but  a  certain  amount  of  water  (between  50  and  60 
per  cent  usually),  is  contained  in  it,  and  adding  this  to  the  water-free  solids, 
the  total  daily  amount  of  so-called  dry  food  (exclusive  of  liquids)  is  about  40 
ounces.  In  addition  to  this,  from  50  to  80  ounces  of  water  are  taken  in  some 
liquid  form,  making  a  total  supply  of  water  of  70  to  90  ounces,  or  on  an 
average  0-5  ounces  for  each  lb  weight  of  body. 

This  average  amount  of  food  and  water  varies  considerably,  from  the  fol- 
lowing causes : — 

1.  Individual  conditions  of  size,  vigour,  activity  of  circulation,  and  of  the 
eliminating  organs,  &c  No  men  eat  exactly  the  same,  and  no  single  standard 
will  meet  all  cases. ''^  The  usual  average  range  in  different  male  adults  is  from 
34  to  46  ounces  of  so-called  solid  food^  and  from  50  to  80  ounces  of  water. 

2.  Differences  of  exertion.  If  men  are  undergoing  great  exertion  they 
take  more  food,  and,  if  they  can  obtain  it^  the  increase  is  especially  in  the 
classes  of  albuminates  and  fat. 


*  I  have  copied  this  table  from  Molescbott  Hie  numbers  are  generally  received,  and  are 
fairly  accordant  with  the  observatioos  of  Dumerous  other  writers.  Pettenkofer  and  Volt  giie 
the  following  (Zeits.  fUr  Biol,  band  ii.  p.  523)  as  the  calculation  for  soldiers : — 

Dry  albuminous  substances 148  grammes  —  5*22  ounces. 

Fat, 108       „        -  8-68        „  . 

Carbo-hydrates, •       878       „        »  18-8       „ 

This  ^ves  rather  more  albuminates  and  fat  and  less  starch  than  Moleschott's  table.  In  the 
experiments  with  two  healthy  men  in  their  ezrierimental-room,  the  amount  was,  albuminates 
137  grammes  ;  fat,  117  grammes ;  and  carbo-hydrates,  852  grammes  daily.  Ranke,  however 
fovea  rather  lower  numbers— vis.,  100  grammes  of  albuminates,  100  of  fat,  and  240  of  starch 
(Phys.  des  Mem.  1868  p.  158),  for  moderate  work. 

f  This  has  been  well  exemplified  in  our  convict  prisons,  in  which,  as  a  matter  of  convenience, 
soldiers  are  sometimes  confined.  The  ordinary  diet,  which  is  sufficient  for  the  convict,  'is  in- 
sufficient for  the  soldier,  and  that  for  several  reasons :  1.  The  convict  is  a  smaller  man  on 
the  avera^  ;-2.  The  previous  life  of  the  convict  is  an  irregular  one,  in  which  his  food  is 
generally  insufficient,  whereas  the  soldier's  life  is  usually  the  opposite,  his  food  is  fairly  good 
and  his  meals  regular.  3.  The  crimes  for  which  the  convict  is  imprisoned  are  crimes  against 
society,  and  his  removal  to  a  prison  cannot  be  considered  much  of  a  degradation  moraUy, 
whereas  his  physical  condition  is  really  improved.  On  the  oth«9r  hand  the  soldier's  crime  is 
often  one  of  a  military  character  only,  hence  his  removal  to  a  prison  is  a  moral  degradation: 
especially  if  it  be  a  oonvict  prison.  The  result  is,  that,  whilst  the  mejority  of  the  civil 
prisoners  retain  their  weight  or  even  gain,  the  migority  of  soldier  prisoners  lose.  It  is  also  found 
that  age  has  an  effect,  the  older  men  losing,  the  youn^r  generally  (gaining.  Length  of  sentence 
has  abo  an  influence,  partly  on  account  of  some  diflerenoe  of  diet  and  work,  but  probably 
chiefly  on  account  of  the  Byntem  ultimately  accommodating  itself  to  tlie  altered  conditions. 
Thus  the  men  who  lose  weight  are,  the  heaviest  originally,  the  oldest,  those  with  shortest 
sentences ;  those  who  are  stationary  or  gain  weight  are,  the  lightest  ori^^nally,  the  youngest, 
those  with  longest  sentences.  For  the  data,  from  which  the  above  oondusions  are  drawn, 
I  am  indebted  to  Suigeon-m^jor  J.  G.  MarstoUi  M.D,    (F.  D£  C.) 
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Average  Daily  WcUer-Jree  Diet  required  for  an  aduU  Man  in  very  laborious 
Worky*  or  of  a  Soldier  on  Service  and  in  the  Field. 

Ounces  avoir. 

AlbmninateSy 6  to       7 

Fate, 3-5  to      4-5 

Carbo-liydiates,  .         .         .         .  16  to  18 

Salts, 1-2  to  1-5 


Total  water-free  food,  ,         .       26-7    to    31-0 

The  amount  of  water  is  increased,  but  is  very  various  according  to  circum- 
stances, and  is  not  so  much  augmented  apparently  as  the  solid  food.  On 
the  other  hand,  men  in  rest  will  usually  eat  less ;  at  any  rate,  the  weight  and 
health  of  the  body  can  be  maintained  on  lesa 

The  Average  Daily  Diet  of  Men  in  Quietude. 


Albuminates, 
Fats, 

Carbo-hydrates, 
Salts, 


Snbslstenoe  diet  (Playf air}t 

RAflt 

i.e^  sufficient  for  the  Inter- 

ACBS. 

nal  mechanics!  woriL  of  the 

body. 

2-5 

2 

1 

•6 

12 

12 

•6 

•5 

Total  water-free  food,         .       16-0  150 

The  subsistence  diet,  though  it  will  keep  a  man  alive,  will  probably  not 
prevent  him  from  losing  weight,  and  therefore  is  not  really  sufficient 

In  convict  prisons,  Dr  Wilson  tells  us  that  the  men  on  light  labour  receive 
224  grains  of  nitrogen  and  4651  grains  of  carbon,  and  this  is  sufficient 
Those  on  hard  labour  receive  255  grains  of  nitrogen  and  5289  grains  of 
carbon,  and  on  this  diet  they  lose  weight,  and  have  to  be  continuously  shifted 
from  heavy  to  lighter  work.  In  the  case  of  military  prisoners  at  haid  labour 
even  282  grains  of  nitrogen  and  5373  grains  of  carbon  were  insufficient  to 
prevent  men  losing  weight}  In  India  an  improved  diet  was  introduced  by 
the  late  Surgeon-G^eneral  Beatson,  in  which  the  nitrogen  was  about  300  grains 
and  the  carbon  about  5300.  This  appears  to  have  been  sufficient  to  prevent 
loss  of  weight,  although  there  was  a  deficiency  of  fat 

3.  Differences  of  climate.  It  is  a  matter  of  general  belief  that  more 
food  is  taken  in  cold  seasons  and  in  cold  coimtries  than  in  hot  It  is  sup- 
posed that  more  energy  in  some  form  (finally  in  that  of  heat)  is  necessary, 
and  more  food  is  required :  but  there  may  be  other  causes,  such  as  varying 
exertion. 

In  the  case  of  any  diet  the  articles  of  which  are  known,  the  amounts  of  the 
four  classes  of  alimentary  principles  may  be  calculated  from  a  table  of  mean 
composition.     The  following  table  is  compiled  from,  in  most  cases,  several 


*  Vlaytair  gives  the-'diet  of  a  prize-fighter  in  training  as  9*8  oz.  albuminates,  8*1  fats,  and 
8*27  starch  and  sugar.  There  were  690  grains  of  nitrogen,  and  4866  gnvDB  of  carbon. 
^  t  The  amount  of  two  ounces  of  albuminates  is  that  fixed  by  Playfair  (Food  of  Man  in  rela- 
tion to  his  useful  Work)  as  fiimishing  by  calculation  the  amount  of  force  sufficient  to  carry  on 
the  internal  work  of  the  body.  Although  our  views  are  now  somewhat  modified  on  this  point. 
I  believe  the  numbers  express  pretty  acc^juntely  the  actual  food  which  will  keep  a  man  alive, 
t  Recently  changes  have  been  introduced,  but  hardly  for  the  better,  it  is  to  be  feare<l. 

N 
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analyses  by  different  authors,  those  analyses  being  selected  which  seem  best 
to  represent  the  food  of  the  soldier.* 

Whenever  practicable,  the  nutritive  value  should  be  calculated  on  the  raw 
substance^  as  the  analyses  of  cooked  food  are  more  variable.  It  must  then 
be  seen  that  no  loss  occurs  in  cooking. 

The  mode  of  using  the  table  is  very  simple ;  the  quantity  of  uncooked  meat 

or  bread  being  known,  and  it  being  assumed  or  proved  that  there  is  no  loss  in 

cooking,  a  rule-of-three  brings  out  at  once  the  proportions.     Thus,  the  ration 

allowance  of  meat  for  soldiers  being  12  oz.,  2*4  oz.  or  20  per  cent  is  deducted 

for  bone,  as  the  soldier  does  not  get  the  best  parts.     The  quantity  of  water 

75  X  9-6     ^ 
in  the  remaining  9 '6  ounces  will  be  — taa""  =  ' '2,  and  the  water-free  solids 

will  be  2 '4  ounces.  The  albuminates  will  be  1*44  ounce;  the  fats,  *8064; 
and  the  salts,  '1536  ounce. 

In  the  case  of  salt  beef  or  pork,  it  is  not  certain  how  the  value  should 
be  calculated.  The  analysis  by  Girardinf  gives  for  imcooked  salt  beef 
(American) — 

49 '11  per  cent  of  water, 
24 '82       „         fibrin  and  cellular  tissue, 
3 '28      „         extractive  matters, 
'70      „         albumen, 
^  -18       „         fat, 

21-07       „         soluble  salts ; 

but  the  analysis  of  the  brine  shows  that  much  of  the  nutritious  matters, 
organic  and  mineral  (phosphoric  acid,  lactic  acid,  magnesia),  have  passed  out 
of  the  meat  X  liebig  has  reckoned  the  nutritive  loss  at  one-third,  or  even 
one-hall  It  appears  from  Kiihne's  observations,  that  myosin  is  soluble  in  a 
10  per  cent  solution  of  chloride  of  sodium,  and  hence  a  large  quantity  of 
this  substance  necessarily  passes  into  the  brme.  Analyses  show,  it  is  true,  a 
large  percentage  of  fibrin  and  cellular  tissue,  in  salt  meat^  but  this  is  made 
up  of  indigestible  nitrogenous  substances,  which  afford,  probably,  little  real 
nutritive  material  Perhaps  salt  beef  may  be  reckoned  as  equal  to  two- 
thirds  the  quantity  of  fresh  beef;  this  estimate  is  certainly  quite  high 
enougL§ 


*  Of  couTM  such  tables  are  merely  approximative ;  but  they  are  very  useful  as  givins  a 
l^eneral  idea  of  a  diet,  although  they  are  not  accurate  enough  to  be  used  in  physiological 
inquiries. 

t  Coraptes  Rendus.  zU.  756. 

X  Liebig  found  that  the  brine  is  saturated  with  the  jukse  of  meat»  and  Mr  Whitelaw  {Chemical 
If  ewe,  March  1864)  has  shown,  that  extract  of  meat  may  be  obtained  by  dialysis  from  the  brine. 

§  In  the  accompanying  table  several  aiticles  have  been  added  whi(^  are  likely  to  oome  within 
the  diet  of  soldiers  or  sailors,  either  on  duty  or  in  hospital,  such  as  salt  beef  and  pork,  bacon, 
white  fish,  poultry,  cream,  skimmed  milk,  and  pemmican. 

The  Cooked  Meat  given  in  the  table  may  be  taken  as  fairly  representing  the  soldier's  latiai 
meat,  not  counting  bone. 

Among  the  articles  not  included  in  the  table  an  some  of  the  preserved  meats  recently  intro- 
duced, particularly  the  Compressed  Corned  Be^,  |>repared  by  the  Wilson  Packing  Company  of 
Chicago,'Which  is  likely  to  be  used  as  a  field  ration  for  our  army,  boih  during  war  and  in 
manceuvres  in  time  of  peace.  It  is  excellent  meat,  very  palatable  and  highly  nutritious,  being 
ready  cooked  and  in  a  very  convenient  fonn  for  caniage  on  the  march.  It  is  stated  to  be  equal 
to  more  than  double  the  quantity  of  uncooked  meat,  and  this  is  fully  bone  out  by  analysis, 
as  it  contains  about  60  per  cent,  of  solid  mattei\  of  which  about  4fy  are  albuminates.  15  fat, 
and  5  salts ;— the  nitrogen  is  over  6  per  cent.  Half  a  pound  would  fonn  an  ample  ration  for 
the  field,  with  the  due  proportion  of  bread  or  biscuit,  &c.  As  it  is  merely  eornody  and  not 
mdted  like  ordinary  salt  meat,  it  is  probable  that  its  ooDStitu«nta  may  be  alkyvrod  their  fuU 
nutritive  value. 
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TaMe  for  CalcidoHng  Diets, 


Artidea. 


Meat  of  best  quality,  with  little  fat,  ) 
like  beefsteaks,  .        .        .  { 

Uncooked  meat  of  the  kind  supplied  to 
soldiers, — ^beef  and  mutton.  Bone 
constitutes  |th  of  the  soldier's  allow- 
anee,*   .        .        .        .        . 

Uncooked  meat  of  fattened  cattle. 
Calculated  from  Lawes'and  Gilbert's 
experiments.  These  numbers  are  to 
be  used  if  the  meat  is  very  fat, 

Cooked  meat,t  roast,  no  dripping  being 
lost.  Boiled  siwnmed  to  be  the 
same,     ■        •        «        •        • 

Salt  beef  (Giiardin), 
„    pork  (Giraidin), 

Fat  pork  (Letheby),  . 

Dried  bacon  (Letheby), 

White  fish  (Letheby), 

Poultiy  (Letheby),    . 

Bread,    white   wheaten,    of  average ) 
qa«Kty, ) 

Wheat  floor,  ayerage  quality,    . 

Biscuity 

Rice, 

Oatmeal  (Letheby),:^ 

Maize  (Poggiale), 

Peas  (dry),         .... 

Potatoeis,li  .... 

Carrots  (cellulose  excluded)  ,11     . 

Cabbage,!!         .... 

Batter,      ..... 


Egff  (10  per  cent  must  be  deducted  lor 


nrom  the  weight  of  the  egg). 

Cheese, 

Milk  (sp.  gr.  1030  and  over},? 

„    (sp.  gr.  102«),  . 
Cream  (Letheby), 
Skimmed  milk  (Letheby), 
Sugar, 
Pemmican  (de  Chaumont) 


iMlOO 


Water. 


i 


74-4 


75 


68 


U 

49-1 
44-1 
89-0 
16  0 
78-0 
740 

40 

15 

8 
10 
15 
18-6 
15 
74 
85 
91 

6 

78-6 

86-8 
86-7 
90 
66 
88 
3 


AUraml- 
natea. 


20-5 


15 


14 


27-6 

29-6 
26  1 
9-8 
8-8 
18-1 
21-0 

8 

11 

15-6 
5 

12-6 

10 

22 

1-5 

-6 

-2 

-8 

13-5 

88-5 
4 
8 

2-7 
4  0 


Fata. 


8-5 


8-4 


Carbo- 
hydratea. 


Salta. 


19 


15-45 

0-2 
7-0 
48-9 
73 -3 
2-9 
8-8 

1-6 

2 
1*8 

•8 

5-6 

6-7 

2 

•1 

•25 

•5 

91 

11-6 

24-8 

8-7 

2-5 
26-7 

1-8 


49-2 

70-8 
78-4 
88-2 
63-0 
64  ■5§ 


23-4 
8-4 
5-8 


5 

3-9 

2-8 

5-4 

96-5 


1-6 


1-6 


8-7 


2-95 

211 

22-8 
2-3 
2-9 
1-0 
1-2 

1-8 

1-7 

1-7 

0-5 

3 

1-4 

2-4 

1 


•7 

-7 
▼ariable. 
taken  aa  2-7 


•4 
•6 
•5 

-8 

•8 

■5 

1-8 


1 
0 


Pemmican  (de  Chaumont)**      .        .  72        854        65*2         ...  18 

The  precise  amount  of  the  mineial  matters  of  the  various  ariiicles  can 

*  The  gelatine  of  the  meat  is  reckoned  with  the  albuminates :  it  is  not  certain  what  deducl 
raid  be  made  on  account  of  its  lower  nutritiTe  value,  which  is  about  4th  tha*.  nf  AiTim 


be 


*  The  gelatine  of  the  meat  is  reckoned  with  the  albuminates :  it  is  not  certain  what  deduction 
should  be  made  on  account  of  its  lower  nutritive  value,  which  is  about  jth  that  of  albumen 

^Ischof). 

t  These  numbers  are  taken  from  John  Ranke's  analysiB. 

t  I  have  determined  the  nitrogen  in  good  Scotch  oatmeal,  and  the  results  are  almost  identi* 
cal  with  Letheby's.    I  have  therefore  omitted  Von  Bibra's  analysis  given  in  the  3d  edition. 

§  There  is  also  some  indigestible  cellulose  in  maize,  peas,  and  carrots,  which  Is  not  incladed 
in  the  table. 

ii  Professor  Attfield  (Report  of  Committee  on  Scurvy,  1877,  p.  xlv.  et  aeq.)  gives  rather  different 
figures,  reckoning  the  albuminates  a  good  deal  higher. 

^  These  numbers  are  probably  rather  high. 

**  The  sweet  pemmican  used  in  the  Arctic  Exi>edition  of  1875-6  was  similar  to  the  above 
(the  ordinary  pemmican  used  in  the  same  Expedition)  with  the  addition  of  about  5  per  cent. 
of  cane  sugar.  In  other  cases,  particularly  m  the  American  pemmican,  raisins  and  currants 
are  added.  (See  Report  of  Committee  on  Scurvy  for  analyses  by  Professor  FrankJand  and 
Br  de  Chaumont).  A  little  pepper  is  added,  not  reckoned  quantitatively  in  the  above 
analysis,  but  probablv  included  m  the  ''losfs'  i.e^  the  difference  between  the  sum  of  the 
above  constituents  and  100. 


196 


FOOD. 


calculated  when  necessary,  from  the  analysis  given  under  the  head  of  each 

articlei 

The  proportion  of  the  nitrogenous  substances  to  the  fats  and  carbo-hydrates 

are  in  the  standard  diet  as  follows : — 

Albuminates,  .         *         .         1 

Fat, '6  nearly. 

Carbo-hydrates,         ...         3 

This  is  as  1  of  nitrogenous  to  3-6  of  non-nitrogenous;  but  as  is  often  done, 
if  1  part  of  fat  be  reckoned  as  equal  to  2*4  parts  of  starch,  the  proportion 
will  be  1  of  dry  nitrogenous  to  (-6  x  2*4)  +  3),  4 J  nearly  of  dry  non-nitro- 
genous or  carboniferous  substances,  taken  as  starch. 

AnwuTit  of  Nitrogen  and  Carbon. — ^Ajs  the  phenomena  of  nutrition  are 
chiefly  owing  to  the  various  chemical  interchanges  of  nitrogen  and  carbon, 
and  in  some  cases  of  hydrogen,  with  oxygen,  it  may  be  desired  to  calculate 
the  amount  of  nitrogen  and  carbon  in  any  diet    This  may  be  done  in  two  ways. 

1.  Calculate  out  the  dry  albuminates,  fat,  and  earbo-hydrates  in  ounces, 
and  then  use  the  following  table. 

Nitrogen  and  Carbon  In  grains.  Kitrogen.  Carbon. 

1  ounce  of  water-free  albimiinate,  69  233* 

1  ounce  of  water-free  fat,         .         .         ...  345*6 

1  ounce  of  water-free  carbo-hydrate  (except  lactin),       194*2t 

If  the  diet  be  largely  of  milk,  the  amount  of  lactin  (milk  carbo-hydrate) 
must  be  determined ;  1  oimce  of  lactin  contains  175  grains  of  carbon. 

2.  In  the  following  table,  the  calculation  of  these  ingredients  per  ounce 
has  been  made ;  the  substance  being  supposed  to  be  in  its  natural  state,  and 
to  have  the  composition  abeady  assigned  to  it  in  the  former  table. 


One  onnee  (: 

=  487'ft  grains)  contains  in  its  natural  state    | 

Subrtaaoe. 

in  grains. 

. 

Water. 

Nitrogen. 

•   Carbon. 

Salts. 

Uncooked  meat  (beef)f 

828 

10-85 

64 

7 

Uncooked  fat  meat  (beef)i    . 

276-6 

9-6 

98-8 

16 

Cooked  meat. 

236 

19 

117-7 

18 

Salt  beef,    . 

215 

20-4 

69-7 

92-8 

„    pork,    . 

192 

18-0 

85-0 

99-7 

Fat  pork,     . 

170 

6-8' 

1920 

101 

Dried  Bacon, 

65-6 

61 

278-8 

12-7 

White  fish, 

841 

11-5 

52-4 

4-4 

Poultry, 

824 

14-5 

62  0 

5-2 

Bread, 

175 

5-5 

119 

5-6 

Wheat  flour. 

65*6 

7-6 

169 

7-4 

Biscuit,       , 

85 

227 

188 

7-4 

Rice,  . 

48-7 

8-5 

176 

2-2 

Oatmeal, 

65*6 

8-7 

172 

18 

Maize, 

59 

7 

176 

6 

Peas,  . 

65-6 

15 

161 

10 

Potatoes,     . 

824 

1 

49 

4-4 

Carrots, 

898 

•4 

18 

8 

Butter, 

26 

•2 

815 

11-8 

Egg,    . 

821 

9-8 

71-6 

4-4 

Cheese, 

161 

28 

162 

28-6 

Milk,  . 

880 

2-75 

80-8 

2-6 

Cream, 

289 

1-9 

98-5 

7-9 

Skimmed  Milk, 

885 

2-8 

25-0 

8-5 

Sugar,         . 

18 

•  •  1 

187 

2 

Pemmican, 

81 

24*3 

278-5 

8-0 

*  After  deducting  the  carbon  of  urea,  the  number  is  203. 

t  These  numbers  are  thus  obtained  :  the  vaiious  dry  albuminates  contain  from  15*4  to  16*4 
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Some  additions  must  be  made  to  this  table.  I  found  the  steak  used  for 
the  patients  at  Netley  to  contain  as  much  as  14*22  grains  of  nitrogen  per 
ounce,*  and  this  number  should  be  used  for  the  best  hospital  steaks  and 
chops.  Hospital  bread  oontcdns  only  3*6  grains  of  nitrogen  iu  each  ounce  of 
crumb,  and  4*78  in  each  ounce  of  crust. f 

The  standard  daily  diet  for  an  adult  mcoi,  calculated  in  this  way,  gives — 

Nitrogen,     .....        316*5  grains, 

Carbon, 4862         „ 

Salts,  ......         461         „ 

Not  infrequently  the  standard  is  stated  as  20  grammes  of  nitrogen,  and  300 
grammes  of  carbon ;  this  is  equal  to  308*6  and  4629  grains. 

The  usual  range  is  from  250  to  350  grains  of  nitrogen  for  adult  men,  and 
the  extreme  range  is  from  2  to  7  ounces  of  dry  albuminate,  or  from  138  grains 
of  nitrogen  (which  is  the  smallest  amount  necessary  for  the  inner  movements 
of  the  body,  and  the  bare  maintenance  of  Ufe,  as  calculated  by  Playfair), 
to  483  or  500  grains,  which  is  the  amount  taken  undw  very  great  exertion. 
Edward  Smith's  careful  observations  on  ill  fed  and  fairly  fed  operatives,  give 
a  range  of  from  135  grains  of  nitrogen  and  3271  grains  of  carbon  (in  London 
needlewomen)  to  349  grains  of  nitrogen  and  6195  grains  of  carbon  (in  Irish 
farm  labourers).  Usually,  however,  in  what  are  almost  starvation  diets,  the 
nitrogen  is  180  to  200  grains,  and  the  carbon  from  3900  to  4300  grains 
(Edward  Smith's  investigations  into  the  food  in  Lancashire  during  the  cotton 
famine).  The  carbon  ranges  in  various  diets,  from  3600  to  5800  or  6000 
grains.  The  amount  of  the  salts  (461)  appears  rather  large ;  it  is  difficult  to 
test  it  by  determining  the  salts  in  the  excreta,  as  so  much  sodium  chloride 


per  cent,  of  nitrogeiL  I  have  selected  15.8  for  the  range  for  European  diet,  aa  it  represents  the 
nitrogen  of  syntonin ;  there  is  also  53*5  per  cent  of  carbon  ;  fat  contains  79  per  cent.,  starch 
and  sugar  44*4  and  lactin  40  per  cent  of  carbon.  I  have  not  taken  into  account  any  hydrogen 
in  excess  of  that  forming  water  with  the  oxygen  of  the  food.  If  this  be  calculated  fi'om  the 
fist  it  will  ^ve  a  mean  ot  about  48  grains  per  ovnce,  in  the  albuminates  about  d'6 ;  albuminates 
also  contain  about  8  erains  of  sulphur. 

*  Some  discussion  has  lately  taiien  place  with  regard  to  the  amount  of  nitrogen  in  meat  nearly 
f^iee  txom  fat  Voit  has  stated  the  mean  amount  at  3*4  per  cent.  Huppert  (Zeitsch.  flir  Bio« 
lone,  band  vii.  p.  854)  estimates  it  at  8*3.  Petersen  (Ibid.  p.  166J  makes  the  mean  numbers 
S-29  per  cent,  in  fat-free  beef;  8*25  in  pork  ;  8*15  in  mutton ;  3*18  in  veal ;  and  3*4  in  horse. 
In  beaCsteak  (fat-free  nearly)  I  found  it  to  be  3*25.  Huppert's  numbers  seem  to-be  nearest  the 
truth. 

It  has  been  stated  by  Toldt  and  Nowak  that  combustion  with  soda-lime  does  not  give 
all  the  nitrogen  in  meat  <uid  that  Dumas'  oxide  of  copper  analysis  must  be  used.  But  Petersen's 
careful  trials  (Zeitsch.  fUr  Biologic,  band  Tii.  p.  166)  do  not  confirm  this ;  and  the  results  of  the 
two  methods  were  extremely  close,  as  the  following  experiments  show : — 


Per  cent  of  Nitrotren. 

Soda-Ilme  burning. 

Oxide  of  Copper. 

Beef  (shoulder)^ 
Beef  (leg). 

8*35 
8*24 

3*36 
8*24 

8-41 
8*29 

8*85 
8*30 

And  as  Fresenius  found  the  oxide  of  copper  Rave  slightly  too  high  results  (*2  to  *5  per  cent), 
the  difference  should  be  stQl  less.  In  some  later  experiments,  published  by  Seeeen  and  Nowak 
(Zeitsch  flir  die  ges.  Phys.  band  viL  p.  284).  they  found  that  the  soda-lime  always  gave  too 
little  nitrogen,  the  error  (as  compared  with  tne  copper  oxide)  beins  as  a  mean  about  1*5  per 
cent  Marcher  (Archly  fdr  die  ges.  Phys.  band  viii.  p.  195,  1873)  has  since  given  eyidence 
opposed  to  these  results,  and  considers  the  soda-lime  determination  as  much  nearer  the  truth 
than  Seegen  and  Nowak  assert. 
+  My  reoent  analyses  give  oonsidp"""*^'-  *• ' 
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and  lime  salts  are  lost  througli  the  skin,  and  some  of  the  excreted  salts  may 
also  be  mere  surplusage.  The  salts  seem  to  be  made  up  of  chlorine,  120 
grains  j  phosphoric  acid,  60  grains ;  potash,  40 ;  soda,  40 ;  lime,  about  4  grains 
by  the  urine,*  and  some  by  the  bowels ;  magnesia,  4*7  grains  by  the  urine, 
and  a  considerable  amount  by  the  bowels ;  and  iron,  the  amount  of  which  is 
quite  uncertain. 

Actual  experiment  has,  to  a  great  extent^  confirmed  the  conclusions  drawn 
from  a  study  of  these  dietaries.  Pettenkofer  and  Yoit,  in  two  healthy  men, 
determined  many  times  the  amount  of  nitrogen  during  common  exercise,  and 
found  it  to  be  19-82  grammes,  or  306*8  grains.  I  have  experimented  on  four 
healthy  average  men  in  common  work,  and  found  the  amount  which  kept 
them  in  perfect  health  and  uniform  weight  was  293  to  306  grains  of  nitrogen 
in  twenty-four  hours.  All  these  determinations  are  near  MoleschotVs  numbers. 
The  amount  of  carbon  is,  however,  perhaps  too  large.  In  Eanke's  careful  experi- 
ments in  a  state  of  rest,  there  were  consumed  by  a  man  160*6  &>  weight,  240 
^■ains  of  nitrogen,  and  3631  grains  of  carbon ;  as  a  rule,  the  later  experiments 
show  that  the  amount  of  carbon  was  put  too  high.  A  certain  proportion 
between  the  carbon  and  nitrogen  ought  to  be  maintained ;  in  the  best  diets 
this  is :  Nitrogen  1  to  carbon  16.t 

SuB-SBonoK  n. — On  the  Ensrgt  Obtainable  fbom  the  variotts 

Artiglbb  of  Food. 

The  possible  amount  of  energy  which  can  be  manifested  in  the  body  will 
be  the  result  of  two  conditions ;  first,  the  amount  of  potential  energy  stored 
up  in  the  food,  which  is,  of  course,  easily  determined  and  expressed  in  terms 
of  xmits  of  heat  or  of  motion;  and  second,  the  extent  to  which  the 
processes  in  the  body  can  liberate  and  apply  this  energy.  For  example,  an 
ounce  of  albimien  can  give  rise  to  a  certain  heating  effect  if  it  be  burnt  in 
oxygen ;  but  in  the  body  thorough  oxidation  can  never  occur,  for  some  (about 
one-third)  of  the  constituents  of  the  albumen  pass  out  incompletely  oxidiJsed  in 
the  form  of  urea.  An  ounce  of  sugar,  on  the  other  hand,  is  as  a  general  rule 
destroyed  to  the  fullest  extent,  and  ends  in  carbonic  acid  and  water,  and  its 
actual  energy  in  the  body,  imder  whatever  form  it  appears,  is  equal  to  its 
Hieoretical  energy. 

Tables  have  been  given  by  chemists  showing  the  amount  of  energy  which 
may  be  manifested.  The  results  have  been  obtained  in  some  cases  by  calcu- 
lation, and  in  others  by  direct  experiment.  In  the  following  table  I  have 
selected  Dr  Frankland's  experimental  results  as  the  most  exact,  but  they  agree 
very  closely  with  the  theoretical  results,  particularly  witii  those  given 
by  Playfairl  and  others.  Thus  Playfair  calculated  that  one  ounce  of  dry 
albumen  would  give  rise  by  oxidation  to  heat  sufficient  to  raise  126*5 
kilogrammes  of  water  1°  cent,  or  to  lift  173  tons  1  foot  high,§  while 
Frankland's  experimental  number  is  almost  identical — ^viz.,  168*68  tons,  lifted 
a  foot 

*  I  have  foUowed  Byisson  in  this  and  in  theamonnt  of  magnesia  in  the  urine,  as  his  experiment» 
appear  carefully  doitd^-^L^ActiviU  Ore^nxUe  ei  la  CompotUion  dea  Urines,  par  le  Dr  H.  Byassou, 
Paris,  1868,  p.  48.  *—  * 

t  The  Soldier's  Ration,  by  P.  de  Chaumont,  Sanitary  Record,  Peb.  6, 1876. 

t  On  the  Food  of  Man  In  relation  to  his  useful  Work.    1865. 

S  For  an  explanation  of  this  term,  see  the  chapter  od  £xerci8E. 


CALCULATION  OF  DIETS — POTENTLAL  ENEKGY. 


199 


Energy  developed  by  One  Grairyme  or  One  Ounoe  of  the  following  Suhitancee 

tchen  oxidised  in  the  Body : — 


One  ounce  wQl  equal 

Per  cent  of 
Wdter. 

One  gramme  will  equal 
kUogrammetres  of 

f oot^ns  of  energy,  or. 

in  other  words,  would 
nUae  the  undergiven 
numherjof  tonal  foot 

1 

high.* 

Beef  (lean). 

70-6 

^04 

66 

Veal  (lean), 

70-9 

496 

46-3 

Ham  (lean,  boiled 

I).      : 

54-4 

711 

64*9 

♦♦Salt  beef. 

49-1 

569 

62 

••  „    pork, 

44  1 

761 

69 

♦♦Pat  pork, 

89  0 

2200 

201 

"Dried  bacon,    . 

16  0 

8196 

291 

♦♦White  fish,       . 

78-0 

470 

48 

♦♦Poultry,    . 

74  0 

666 

61 

Bread  crumb,  t    . 

44 

910 

88 

Flour, 

•  •  • 

1627 

148-6 

Ground  rice. 

•  •  ■ 

1691 

146-8 

Oatmeal,     . 

•  •  • 

1666 

162 

Pea  meal,    . 

•  •• 

1698 

146 

Potatoes,     . 

78 

422 

88-6 

Carrots, 

86 

220 

20 

Cabbage, 

88-6 

178 

16-2 

Butter, 

•  •  ■ 

8077 

280*9 

£fK  (white  oO, 

86-8 

244 

22-8 

Egg  (jolk). 

47 

1400 

127 

Cheshire  cheese, 

24 

1846 

168-6 

Arrowroot, 

... 

1667 

161-8 

Milk, 

87 

266 

24-3 

♦♦Cream,     . 

66  0 

1046 

96 

♦♦Skimmed  milk, 

88-0 

213 

19-6 

Sugar  (lump), 

i  •  • 

1418 

129-6 

♦♦Pemmican, 

72 

8000 

276 

Ale  (Bass*  bottled),      . 

88-4 

828 

80 

1  Porter  (Guinness'  Stout), 

88-4 

466 

41-6 

A  table  of  this  kind  is  useful  in  showing  what  can  be  obtained  from  our 
food,  but  it  must  not  be  supposed  that  the  value  of  food  is  in  exact  relation 
to  the  possible  energy  which  it  can  furnish.  In  order  that  the  energy  shall  be 
obtain^  the  food  must  not  only  be  digested  and  taken  into  the  body  pro- 
perly prepared,  but  its  energy  must  be  developed  at  the  place  and  in  the 
manner  proper  for  nutrition.  The  mere  expression  of  potential  energy  cannot 
fix  dietetic  value,  which  may  be  dependent  on  conditions  in  the  body 
unknown  to  us.     For  example,  it  is  quite  certain,  from  observation,  that 


*  The  first  and  second  columns  except  those  marked  ♦♦,  which  are  calculated  fh>m  the 
analyses,  are  taken  from  Dr  Frankland's  paper  in  the  Philos.  Mag.,  Sept.  1866,  p.  196.  The 
third  column  is  calculated  horn  the  secona,  oy  multiplying  by  28*86  (tne  number  of  grammes 
in  an  ounce  avoirdupois),  and  then  by  '003229  to  brin^  metre-kilo-grammes  into  foot-tons, 
or  directly  by  0*091.    The  substances  are  not  flried,  but  m  their  natural  state. 

One  ounce  of  dry  albuminate  yields. 
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gelatine  cannot  fully  take  the  place  of  albumen,  though  its  potential  energy  is 
little  inferior,*  and  it  is  easily  oxidised  in  the  body.  But  owing  to  some  cir- 
cumstances, yet  unknown,  gelatine  is  chiefly  destroyed  in  the  blood  (?)  and 
gland  cells,  and  its  energy,  therefore,  has  a  different  direction  from  that  of 
albumen.  So  also  of  the  potential  energy,  at  is  quite  possible  that  all  is  not 
usefully  employed  The  tables  of  energy  give  broad  indications,  and  can  be 
used  in  a  general  statement  of  the  value  of  a  diet ;  but  at  present  they  do  not 
throw  light  on  the  intricacies  of  nutrition^ 

SuB-SBonoN  IIL — On  thb  Eelativb  Valub  op  Food  op  thb  bamb  Class. 

The  chemical  composition  of  animal  and  vegetable  albuminates  is  very 
similar,  and  they  manifestly  serve  equal  purposes  in  the  body.  The  meat- 
eater,  and  the  man  who  lives  on  com,  or  peas  and  rice,  are  equally  well 
nourished.  But  it  has  been  supposed  that  either  the  kind  or  the  rapidity  of 
nutrition  is  different,  and  that  the  man  who  feeds  on  meat,  or  the  carnivorous 
animal,  will  be  more  active,  and  more  able  to  exert  a  sudden  violent  effort, 
than  the  vegetarian,  or  the  herbivorous  animal,  whose  food  has  an  equal  po- 
tential energy,  but  which  is  supposed  to  be  less  easily  evolved.  The  evidence 
in  favour  of  this  view  seems  to  me  very  imperfect  The  rapid  movements  of 
the  camivora  have  been  contrasted  with  the  slow,  dull  action  of  domestic 
cattle ;  but,  not  to  speak  of  the  horse,  whoever  has  seen  the  lightning  move- 
ments of  the  wild  antelope  or  cow,  or  even  of  the  wild  pig,  who  is  herbivorous 
in  many  cases,  can  doubt  that  vegetable  feeders  can  exert  a  movement  even 
more  rapid  and  more  enduring  than  the  tiger  or  the  wolf)  And  the  evidence 
in  men  is  the  same :  In  India,  the  ill-fed  people,  on  rice  and  a  little  millet  or 
pea,  may  indeed  show  less  power ;  but  take  the  well-fed  corn-eater,  or  even 
the  well-fed  rice  and  pesreater,  and  he  will  show,  when  in  training, 
no  inferiority  to  the  meat-eaters.  An  argument  has  been  drawn  from  the 
complicated  alimentary  canal  of  the  herbivora,  but  probably  this  is  chiefly  in- 
tended to  digest  the  cellulose,  and  the  digestion  and  absorption  of 
albuminates  may  be  as  rapid  as  in  other  animals. 

It  appears  from  Dr  Beaumont's  experiments  that  animal  food  is  digested 
sooner  than  farinaceous,  and  possibly  meat  might  therefore  replace  more 
quickly  the  wasted  nitrogenous  tissue  than  bread  or  peas ;  and  it  may  be  true, 
as  asserted,  that  the  change  of  tissue  is  more  quick  in  meat-eaters,  who 
require,  therefore,  more  frequent  supplies  of  food.  Even  this,  however,  seems 
to  me  not  yet  thoroughly  proved. 

It  has  been  also  supposed  that  there  is  a  difference  in  the  nutrition  of  even 
such  nearly-allied  substances  as  wheat  and  barley,  but  the  evidence  is  imper- 
fect, and  is  perhaps  dependent  on  differences  in  ease  of  digestion. 

With  respect  to  the  fats,  their  differences  of  nutrition  are  probably 
dependent  entirely  on  facility  of  digestion  and  absorption.  The  anunal  fats 
appear  easier  of  absorption  than  the  vegetable.  BerUi^f  found  that  in  addi- 
tion to  the  fat  in  his  ordioary  diet,  he  could  absorb  30  grammes,  or  1 059 
ounces  of  cod-Hver  oil,  butter,  or  other  animal  oil;  in  some  instances  If 
ounces  were  absorbed.  Of  vegetable  oils  only  20  grammes,  or  0*7  ounces, 
were  absorbed.  When,  in  experiments  with  cod-liver  oil,  40  grammes  were 
taken,  31*5  were  absorbed,  8*5  passed  by  the  bowels ;  when  60  grammes  were 

*  One  fframme  of  dry  kioglaaB  wiU  develop  4520  heat-niiits  when  burnt  in  oxrsen ;  one 
gramme  of  dry  boQed  ham,  48ld ;  one  gramme  of  dry  beef,  5S18  heat-units.    (FranKland,  op. 
cU.  p.  196.)    The  potential  enei^gy  of  isinglass  is  more  than  that  of  ham,  bat  its  nutritive 
power  is  fa^  inferior. 
+  Ludwig's  Phys.  band  ii.  p.  668. 
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taken,  48  were  absorbed  and  12  passed.  But  when  he  took  60  grammes 
daily,  the  amount  of  fat  in  the  fseces  gradually  increased,  until  50  grammes 
daily  passed  off  in  that  way.  In  the  dog,  however,  Bischoff  and  Yoit  f oimd 
that  250  and  300  grammes  (8*8  and  10'5  ounces)  of  butter  were  easily 
absorbed.  During  the  digestion  of  the  fats  they  are,  probably,  in  part 
decomposed ;  and  &e  fatty  acids,  like  the  acids  derived  from  the  starch,  must, 
to  a  certain  extent,  antagonise  the  introduction  of  alkali  in  the  food. 

The  various  carbo-hydrates  are  generally  supposed  to  be  of  equal  value. 
Starch  requires  a- little  more  preparation  by  the  digestive  fluids  than  grape 
sugar,  into  which  it  appears  first  to  pass ;  but  the  change  is  so  rapid  that  it 
can  hardly  be  made  a  point  of  difference  between  them.  It  is  observable, 
however,  that  even  when  sugar  is  very  cheap  and  accessible,  it  is  not  used  to 
entirely  replace  starch ;  but  this,  perhaps,  may  be  a  matter  of  taste. 

Sxtb-Sbgtion  IV. — ^Thb  Diobstibilitt  op  Food. 

In  order  that  food  shall  be  digested  and  absorbed,  two  conditions  are 
necessary ;  the  food  must  be  in  a  fit  state  to  be  digested,  and  it  must  meet  in 
the  alimentary  canal  with  the  chemical  and  physical  conditions  which 
can  digest  and  absorb  it 

Fitness  for  digestibility  depends  partly  on  the  original  nature  of  the  sub- 
stance, as  to  hardness  and  cohesion,  or  chemical  nature,  and  partly  on  the 
manner  in  which  it  can  be  altered  by  cooking.  Tables  of  degree  of  digesti- 
bility have  been  formed  by  several  writers,  and  especially  by  Dr  Beaumont, 
by  direct  experiment  on  Alexis  St  Martin ;  but  it  must  be  remembered  that 
these  are  merely  approximative,  as  it  is  so  difficult  to  keep  the  conditions  of 
cooking  equal ''^ 

Bice,  tripe,  whipped  eggs,  sago,  tapioca,  barley,  boiled  milk,  raw  eggs,  lamb, 
parsnips,  roasted  and  baked  potatoes,  and  fricasseed  chicken,  are  the  most 
easfly  digested  substances  in  the  order  here  given,— the  rice  disappearing  from 
the  stomach  in  one  hour,  and  the  fricasseed  chicken  in  2f  hours.  Beef,  pork, 
mutton,  oysters,  butter,  bread,  veal,  boUed  and  roasted  fowls,  are  rather  less 
digestible, — ^roast  beef  disappearing  from  the  stomach  in  three  hours,  and  roast 
fowl  in  four  hours.     Salt  beef  and  pork  disappeared  in  4^  hours,  f 

As  a  rule,  Beaumont  found  animal  food  digested  sooner  than  farinaceous, 
and  in  proportion  to  its  minuteness  of  ^division  and  tenderness  of  fibre. 

The  admixture  of  the  different  classes  of  food  aids  digestibility ;  thus  fat 
taken  with  meat  aids  the  digestion  of  the  meat ;  some  of  the  accessory  foods 
probably  increase  the  outpour  of  saliva,  gastric  or  enteric  juice,  kc 

The  degree  of  fineness  and  division  of  food ;  the  amount  of  soUdity  and  of 
trituration  which  should  be  left  to  the  teeth,  in  order  that  the  fluids  of  the 
mouth  and  salivary  glands  may  flow  out  in  due  proportion ;  the  bulk  of  the 
food  which  should  be  taken  at  once,  are  points  seemingly  slight,  but  of  real 
importance.  There  is  another  matter  which  appears  to  affect  digestibility, 
viz.,  variety  of  food. 

According  to  the  best  writers  on  diet^  it  is  not  enough  to  give  the  proxi- 
mate dietetic  substances  in  proper  amount  Variety  must  be  introduced  into 
the  food,  and  different  substances  of  the  same  class  must  be  alternately 
employed.     It  may  appear  singular  that  this  should  be  necessary;  and 

*  The  prepaTBtion  of  food  by  cooking  is  so  important  a  matter,  that  the  art  of  cookery  ouuht 
sot  to  he  considered  as  merely  the  domain  of  the  gourmand.  Health  is  greatly  influenced  Dy 
it,  and  it  is  really  a  Buhject  to  be  practically  studied  by  chemists  and  physiologists. 

t  An  extended  table  is  given  in  Cox's  excellent  edition  of  Combe's  Physiology  of  Digestion 
P.  123. 
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certainly  many  men,  and  most  animals,  have  perfect  health  on  a  veiy  uni- 
form diet  Yet,  there  appears  no  doubt  of  the  good  effect  of  variety,  and  its 
action  is  probably  on  primary  digestion.  Sameness  cloys ;  and  with  variety, 
more  food  is  taken,  and  a  larger  amount  of  nutriment  is  introduced.  It  is 
impossible,  with  rations,  to  introduce  any  great  variety  of  food;  but  the 
same  object  appears  to  be  secured  by  having  a  variety  of  cooking.  In  the 
case  of  children,  especially,  a  great  improvement  in  health  takes  place  when 
variety  of  cooking  is  introduced;  and  by  this  plan  (among  others),  Dr 
Balfour  succeeded  in  marvellously  improving  the  health  of  the  boys  in  the 
Duke  of  York's  School 

The  internal  conditions  of  abundance  and  proper  composition  of  the 
ahmentary  fluids,  and  the  action  of  the  muscular  flbres  in  moving  the  food, 
so  that  it  shall  be  submitted  to  them,  depend  on  the  perfection  of  the  nervous 
currents,  the  vigour  of  circulation,  and  the  composition  of  the  blood.  Many 
of  the  digestive  diseases  the  physician  has  to  treat  depend  on  alterations  in 
these  conditions,  so  that  the  food  is  only  imperfectly  digested.  Eecent  ex- 
periments, by  P16sz,  Maly,  and  Gyergyai,  seem  to  show  the  value  of  converting 
the  albuminates  into  peptones  by  artificial  digestion,  so  as  to  aid  the  diges- 
tion of  the  sicL* 

SECTION  IIL 
DISEASES  CONNECTED  WITH  FOOD. 

So  great  is  the  influence  of  food  on  health,  that  some  writers  hare 
reduced  hygiene  almost  to  a  branch  of  dietetics.  Happiness,  as  well  as 
health,  is  considered  to  be  insured  or  imperilled  by  a  good  or  improper  diet, 
and  high  moral  considerations  are  supposed  to  be  involved  in  Uie  due  per- 
formance of  digestion.  If  there  is  some  exaggeration  in  this,  there  is  much 
truth ;  and  doubtless,  of  all  the  agencies  which  affect  nutrition,  this  is  the 
most  important. 

The  diseases  connected  with  food  form,  probably,  the  most  numerous 
order  which  proceeds  from  a  single  class  of  causes ;  and  so  important  are 
they,  that  a  review  of  them  is  equivalent  to  a  discussion  on  diseases  of 
nutrition  generally. 

It  is  of  course  impossible  to  do  more  here  than  outline  so  large  a  topic. 

Diseases  may  be  produced  by  alterations  (excess  or  deficiency)  in  quantity ; 
by  imperfect  conditions  of  digestibility,  and  by  special  characters  of  quality. 

Sub-Sbotion  L — ^Altbrationb  in  Quantity. 

1.  Excess  of  Food. — In  some  cases,  food  is  taken  in  such  excess,  that  it  is 
not  absorbed ;  it  then  undergoes  chemical  changes  in  the  alimentary  canal, 
and  at  last  putrefies ;  quantities  of  gas  (carbonic  acid,  and  carburetted  and 
sulphuretted  hydrogen)  are  formed.  As  much  as  30  &>  of  a  half-putrid  mass 
have  been  got  rid  of  by  purgatives.!  Dyspepsia,  constipation,  and  irrita- 
tion, causing  diarrhoea,  which  does  not  always  empty  the  bowels,  are  pro- 
duced. Sometimes  some  of  the  putrid  substances  are  absorbed,  as  there  are 
signs  of  evident  poisoning  of  the  blood,  a  febrile  condition,  torpor  and  heavi- 

*  Ueber  Peptone,  Archiv  flir  die  Gee.  Phys.  band  ix.  p.  828. 

+  A  ffood  case  of  thifi  kind  is  recorded  hj  Routh  (Fecal  Fermentation,  p.  19).  Some  convict<) 
in  Australia  received  from  7^  to  7^  lb  of  food  daily.  Obstinate  constipation,  dyspepnia, 
diairhoea,  skin  diseases,  and  ophthalmia  were  produced.  Purgatives  brought  away  large  quan- 
tities of  half-putrid  masses. 
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nefiSy  fstor  of  the  breath,  and  somethnes  possibly  even  jaundice.  It  was,  no 
doubt,  cases  of  this  kind  which  led  to  the  routine  practice  of  giving  puiga- 
tives ;  and  as  this  condition,  in  a  moderate  degree,  is  not  uncommon,  the  use 
of  puigatiyes  will  probably  never  be  discontinued. 

'The  excess  of  food  may  be  absorbed.  The  amount  of  absorption  of  the 
difierent  alimentary  principles  is  not  precisely  known.  Dogs  can  digest  an 
immenae  quantity  of  meat,  and  especially  if  they  are  fed  often ;  and  not 
simply  largely,  once  or  twice  a<Lay.  In  men,  also,  much  meat  and  albumin- 
ous matter  can  be  digested,*  though  it  is  by  no  means  uncommon,  in  large 
meat-eaters,  to  find  much  muscular  fibre  in  the  fsBces.  StiU,  enough  can  be 
taken,  not  merely  to  give  a  large  excess  of  nitrogen,  but  even  to  supply 
carbon  in  sufficient  quantity  for  the  wants  of  the  system. 

There  is  certainly  a  limit  to  the  digestion  of  starch  (though  sugar,  how- 
ever, is  absorbed  in  large  amount),  as  after  ^a  very  large  meal  much  starch 
passes  unaltered.  This  is  also  the  case  with  fat ;  and  if  large  quantities  are 
given,  much  passes  by  the  bowels.  But  in  all  cases,  habit  probably  much 
affects  the  degree  of  digestive  power;  and  the  continued  use  of  certain 
articles  of  diet  leads  to  an  increased  formation  of  the  fluids  which  digest 
them. 

When  excess  of  albuminates  continually  passes  into  the  system,  congestions 
and  enlargements  of  the  liver,  and  probably  other  organs,  and  a  general  state 
of  plethora,  are  produced.  If  exercise  is  not  taken  at  the  same  time,  there  is 
a  disproportion  between  the  absorbed  oxygen  and  the  absorbed  albuminates, 
which  must  lead  to  imperfect  oxidation,  and  therefore  to  retention  in  the 
body  of  some  substances,  or  to  irritation  of  the  eliminating  organs  by  the 
passage  through  them  of  products  less  highly  elaborated  than  those  they  are 
adapted  to  remove. 

Although  not  completely  proved,  it  is  highly  probable  that  gouty  affec- 
tions arise  partly  in  this  way,  partly  probably  £rom  the  use  of  liquids  which 
delay  metamorphosis,  and  therefore  lead  to  the  same  result  as  increased 
ingestion,  and  in  some  degree  also  from  the  use  of  indigestible  articles  of  food. 

Very  often  large  meat-eaters  are  not  gouty,  and  do  not  appear  in  any  way 
over-fed.  In  this  case  either  a  great  amount  of  exercise  is  taken,  or,  as  is 
often  the  case  in  these  persons,  the  meat  is  not  absorbed,  owing  frequently 
to  imperfect  mastication. 

A  great  excess  of  albuminates,  without  other  food,  produces,  in  a  short 
time  (five  days — Hammond)  marked  febrile  symptoms,  malaise,  and 
diarrhoea ;  and  if  persevered  in,  albumen  appears  in  the  urine.  Eanke  has 
attributed  the  depression  especially  to  the  effect  of  the  salts  of  the  meat. 

Excess  of  starches  and  of  fats  delays  the  metamorphosis  of  the  nitrogenous 
tissues  and  produces  excess  of  fat.  Sometimes  acidity  and  flatulence  are 
oauaed  by  the  use  of  much  starch.  It  is  not  understood  if  prof  ounder  diseases 
follow  the  excessive  use  of  starches  unless  decided  corpiQence  is  produced, 
when  the  musctdar  fibres  of  the  heart  and  of  many  voluntary  muscles  lessen 
in  size,  and  the  consequences  of  enfeebled  heart's  action  are  produced. 
When  an  excessive  quantity  of  starch  is  used  to  replace  albuminates,  in 
physiological  experiments,  the  condition  becomes  of  course  a  complex  one. 

If  an  excess  of  starch  be  taken  under  any  circumstances,  much  passes  into 
the  f seces,  and  the  urine  often  becomes  saccharine. 

There  may  be  also  excess  of  food  in  a  given  time ;  that  is,  meals  too  fre- 
quently repeated,  though  the  absolute  quantity  in  twenty-four  hours  may  not 
be  too  great. 

*  Jones's  And  espedaUy  Hammond's  experiments,  Experimental  Researches,  1857,  p.  20. 
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2.  Deficiency  of  Food, — ^The  long  catalogue  of  effects  produced  by  famind ' 
is  but  too  well  known,  and  it  is  unnecessary  to  lepeat  it  here.     But  the 
eftects  produced  by  deficiency  in  any  one  of  the  four  great  classes  of  aliments, 
the  other  classes,  being  in  normal  amount^  have  not  yet  been  perfectly 
studied. 

The  complete  deprivation  of  albuminates,  without  lessening  of  the  other 
classes,  produces  marked  effects  only  after  some  days.  In  a  strong  man  kept 
only  on  fat  and  starch,  I  found  full  vigour  preserved  for  five  days ;  in  a  man 
in  whom  I  reduced  the  amount  of  nitax)gen  one-half,  full  vigour  was  retained 
for  seven  days.  K  the  abstention  be  prolonged,  however,  there  is  eventually 
great  loss  of  muscular  strength,  often  mental  debility,  some  feverish  and 
dyspeptic  symptoms.  Then  follow  ansemia  and  great  prostration.  The 
elimination  of  nitrogen  in  the  form  of  urea  greatly  lessens,  though  it  never 
ceases,  wMle  the  uric  acid  diminishes  in  a  less  degree.  If  starch  be  largely 
suppHed,  the  weight  of  the  body  does  not  lessen  for  seven  or  eight  days 
(Hammond). 

If  the  deprivation  of  albuminates  be  less  complete  (70  to  100  grains  of 
nitrogen  being  given  daily),  the  body  gradually  lessens  in  activity,  and  passes 
into  more  or  less  of  an  adynamic  condition,  which  predisposes  to  the  attacks 
of  all  the  specific  diseases  (especially  of  malarious  affections  and  typhus),  and 
of  pneumonia,  and  modifies  the  course  of  some  of  these  diseases,  as,  for  in- 
stance, of  typhoid,  which  runs  its  course  with  less  elevation  of  temperature 
than  usual,  and  with  less  or  with  no  excess  of  ureal  excretion. 

The  deprivation  of  starches  can  be  borne  for  a  long  time  if  fat  be  given, 
but  if  both  fat  and  starch  are  excluded,  though  albuminates  be  supplied,  ill- 
ness is  produced  in  a  few  days.  Nor  is  it  difficult  to  explain  this :  as  albumen 
contains  53*5  per  cent,  of  carbon  and  15*5  per  cent,  of  nitrogen,  to  supply 
3500  grains  of  carbon  no  less  than  1014  grains  of  nitrogen  must  be  intro- 
duced, a  quantity  three  times  as  great  as  the  system  can  easily  assimilate, 
unless  enormous  exertion  be  taken,  and  then  the  quantity  of  carbon  becomes 
insufficient. 

Men  can  be  fed  on  meat  for  a  long  time,  as  a  good  deal  of  fat  is  then 
introduced,  and  if  the  meat  be  fresh  (and  rawl),  scurvy  is  not  readily 
induced. 

The  deprivation  of  fat  does  not  appear  to  be  well  borne,  even  if  starches 
be  given;  but  the  exact  effects  are  not,  I  believe,  known.  The  great 
remedial  effects  produced  by  giving  fat  in  many  of  the  diseases  of  obscure 
malnutrition,  prove  that  the  partial  deprivation  of  fat  is  both  more  common 
and  more  serious  than  is  supposed.*  The  deprivation  of  the  salts  is  also 
evidently  attended  with  marked  results  which  are  worthy  of  more  attentibn 
than  they  have  yet  received. 

Bad  effects  are  also  produced  if  the  intervals  between  meals  are  too  long ; 
this  is  a  matter  in  which  there  is  great  individual  difference,  and  need  not  be 
further  referred  to. 

Sub-Sbction  n. — Conditions  of  Digestibility  and  Assimilation. 

A  great  number  of  diseases  are  produced,  not  by  alterations  in  quantity 
or  by  imperfections  in  quality  of  the  raw  food,  but  by  conditions  of  indigesti- 
bility,  either  dependent  on  physical  or  chemical  conditions  of  the  food  itself, 
or  of  the  digestive  fluids.     To  some  persons  certain  foods  are  indigestible  at 

*  In  aU  the  diets  ordered  for  eoldien,  prieonen,  &c,  the  fkt  is  greatly  deficient  in  every 
country. 
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all  times,  or  at  particular  times.  Indigestibility  leads  to  retention,  and  then 
to  the  results  of  retention,  viz.,  chemical  changes  and  putrefaction  going  on 
in  the  stomach  and  bowels  under  the  influence  of  warmth,  moisture,  and  air. 
Then  irritation  is  produced,  and  dyspepsia,  diarrhoea,  or  dysentery,  are 
caused. 

Indigestibility  extends,  however,  farther  than  this.  There  is  some  reason 
for  thinking  that  the  albuminates  sometimes  pass  into  the  circulation  less 
properly  prepared  than  usual  to  undergo  the  action  of  the  liver,  and  that  they 
therefore  produce  irritation  of  that  organ,  and  passing  into  the  blood  in  some 
unassimilable  state,  produce  irritation  of  the  skin  or  kidneys.  Sometimes, 
indeed,  albumen  appears  in  the  urine,  as  if  it  had  circulated  like  a  foreign 
body  in  the  blood.  Such  conditions  are  usually  allied  to  some  evident  error 
in  primary  digestion,  but  occasionally  are  not  obviously  accompanied  by  any 
gastric  disorder.  Whether  there  is  any  similar  imperfection  in  the  digestion 
of  starch  or  fat  is  not  at  present  known. 

SUB^BOTION  IIL — Ck)NDniONB  OP  QUALITT. 

Altered  quality  of  what  is  otherwise  good  food  produces  a  great  number 
of  diseases.  Most  of  these  are  referred  to  under  the  headings  of  the  different 
articles  of  food,  and  the  subject  is  merely  introduced  here  to  complete  the 
general  sketch  of  the  production  of  disease  from  food. 

In  inquiring,  then,  into  the  effect  of  food,  the  following  appears  to  be  the 
best  order  of  procedure : — 

1.  Is  the  food  excessive  or  deficient  in  quantity  as  a  whole  or  in  any  of 

the  primary  classes  of  aliments  1 

2.  Are  tiie  different  articles  digestible  and  assimilable,  or,  from  some 

cause  inherent  in  the  food  or  proper  to  the  individual,  is  there 
difficulty  in  primary  digestion  or  want  of  proper  assimilation  % 

3.  Is  the  quality  of  the  food  altered  either  before  or  after  cooking  % 


CHAPTER    VL 

QUALITY,  CHOICE,  AKD  COOKING  OF  FOOD,  AND  DISEASES 
ATTRIBUTABLE  TO  BiPROPEB  QUALITY. 

SECTION  L 

MEAT. 

Thb  advantages  of  meat  as  a  diet  are — ^its  large  amount  of  nitrogenous  sub- 
stance, the  union  of  this  with  much  fat,  the  presence  of  important  salts  (viz., 
chloride  of  potassium,  phosphate,  and  carbonate  of  potassium,  or  a  salt  form- 
ing carbonate  in  incineration),  and  iron.  It  is  also  easily  cooked,  and  is  very 
digestible ;  it  is  probably  more  easily  assimilated  than  any  vegetable,  and 
there  is  a  much  more  rapid  metamorphosis  of  tissue  in  carnivorous  animals  than 
in  vegetable  feeders.  Whether  the  use  of  large  quantities  of  meat  increases 
the  bodily  strength  or  the  mental  faculties  more  tlian  other  kinds  of  nitroge- 
nous food  is  uncertain.  The  great  disadvantage  of  meat  is  the  want  of  starch. 
The  composition  of  fresh  and  salt  meat  has  been  already  given  (pages  195 
and  196) ;  but  the  annexed  table  will  supply  further  details : — 

Compositions  of  Fresk  Beef,     {MoleschoH — Mean  of  all  the  Gontinenial 

Analyses.) 

Water, 734 

Soluble  albumen  and  hsematin,     .         .         .         .  2*25 

Insoluble  albuminous  substances,  .         .         .         .  15*2 

Oelatinous  substances, 3 '3 

Fat,* 2-87 

Extractive  matters, 1*38 

Ejreatin, 0068 

Ash, 1-6 

It  is  worthy  of  remark,  that  Stolzel  f  found  89  per  cent  of  carbonic  acid 
in  100  of  ash,  which  indicates  probably  lactic  acid.  Are  the  anti-scorbutic 
properties  of  fresh  and  raw  if)  meat  connected  with  this  acid  and  is 
it  destroyed  by  cooking  1  More  than  one-third  of  the  ash  is  composed  of  phos- 
phoric acid.     It  is  alkaline. 

Beef,  mutton,  and  pork  form  the  chief  meats  eaten  by  the  soldier. 

In  time  of  peace  he  only  receives  as  fresh  meat,  beef,  and  mutton,  and  more 
seldom  pork ;  in  time  of  war  he  has  salt  beef  and  salt  pork  j:    The  meat  is 

*  The  amount  of  fat  in  this  analysu  is  certainly  too  low. 

t  Liebig's  Annalen,  band  Ixzvii.  jx  256. 

X  Professor  Morgan  of  Dublin  proposes  the  following  plan  of  salting,  which  in  certain  cases 
might  be  usefully  employed  : — Immediately  after  death  he  opens  the  thorax,  inserts  a  pipe  into 
the  left  Tentricle,  ana  connects  the  pipe,  by  an  india-rubber  tube,  with  a  tank  of  brine  placed 
at  a  few  feet  elevation,  and  iigects  the  vessel.  After  the  blood  has  been  driven  out  through 
the  right  auricle,  the  exit  is  closed,  and  the  pressure  forces  the  brine  into  the  smallest  ramifi- 
cations of  the  vessels.    The  process  is  finished  in  ten  to  twenty  minutes ;  the  meat  is  then  cat 
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supplied  by  contractors,  or  is,  at  some  stations,  famished  by  the  commissariat, 
"who  have  their  own  slaughter-houses. 

The  medical  ofiGlcer  may  be  called  on  to  see  the  animals  during  life,  or  to 
examine  the  meat. 

Sub-Sbotion  L — ^Inbfkotion  of  Asnuas. 

AtiitiiaIh  should  be  inspected  twenty-four  hours  before  being  killed.*  In 
this  country  killing  la  done  twenty-four  or  forty-eight  hours  before  the  meat 
is  issued ;  in  the  tropics  only  ten  or  twelve  hours  previously. 

AniniAlft  should  be  well  grown,  well  nourished,  and  neither  too  young  nor 
too  old.  The  flesh  of  young  animals  is  less  rich  in  salts,  fat^  and  syntonin, 
and  also  loses  much  weight  (40  to  70  per  cent)  in  cooking. 

Weight. — ^An  ox  should  weigh  not  less  than  600  fi>,  and  will  range  from 
this  to  1200  lb.  The  French  rules  fix  the  minimum  at  250  kilogrammes 
(  a  550  lb  av.)  The  mean  weight  in  France  is  350  kilogrammes  ( «  770  n>  av.) 
A  cow  may  weigh  a  few  pounds  less ;  a  good  fat  cow  will  weigh  from  700  to 
740  ]b.  A  heifer  should  weigh  350  to  400  fi>.  The  French  rules  fix  the 
TniniirmTn  of  the  coVs  Weight  at  160  kilogrammes  ( a  352  ]b).  The  mean 
weight  of  cows  in  France  is  230  kilogrammes  (  »  506  fi>). 

There  are  several  methods  of  detemuning  the  weight ;  the  one  most  com- 
monly used  in  this  country  is  to  measure  the  length  of  the  trunk  from  just  in 
front  of  the  scapulsa  to  the  root  of  the  tail,  and  the  girth  or  circumference  just  be- 
hind the  scapule ;  then  multiply  the  square  of  girth  by  0*08,  and  the  product 
by  the  length,  the  dimensions  in  cubic  feet  are  obtained ;  each  cubic  foot  is  sup- 
posed to  weigh  42  lb  avoirdupois.  The  formula  is  (C^  x  *08)  x  L  x  42.  An 
ox  or  cow  gives  about  60  per  cent,  of  meat,  exclusive  of  the  head,  feet^  liver, 
lungs,  and  spleen,  &ct 

A  full-grown  sheep  will  weigh  from  60  to  90  ^,  but  the  difference  in  dif- 
ferent breeds  is  very  great    It  also  yields  about  60  per  cent  of  available  food. 

A  full-grown  pig  weighs  from  100  to  180  ]b  or  more,  and  yields  about  75 
to  80  per  cent  of  available  food. 

Age. — ^The  age  of  the  ox  and  cow  should  be  from  three  to  eight  years ;  { 
the  age  is  told  chiefly  by  the  teeth,  and  less  perfectly  by  the  horns,  llie 
temporary  teeth  are  in  part  through  at  birth,  and  all  the  incisors  are  through 
in  twenty  days ;  the  first,  second,  and  third  pairs  of  temporary  molars  are 
through  in  thirty  days ;  the  teeth  are  grown  large  enough  to  touch  each  other 
by  the  sixth  month  \  tiiey  gradually  wear  and  fall  in  eighteen  months ;  the 
fourth  permanent  molars  are  through  at  the  fourth  month ;  the  fifth  at  the 
fifteenth;  the  sixth  at  two  years.  The  temporary  teeth  begin  to  fall  at 
twenty-one  months,  and  are  entirely  replaced  by  the  thirty-ninth  to  the  forty- 
fifth  month;  the  order  being — central  pair  of  incisors  gone  at  twenty-one 
months ;  second  pair  of  indsors  at  twenty-seven  months ;  first  and  second 
temporary  molars  at  thirty  months ;  third  temporary  molars  at  thirty  months 


np,  dried,  if  necessary,  in  a  hot  air  cbaiuber,  and  packed  in  charcoal.  The  ii^jected  fluid  is  com- 
noted  of  1  gallon  of  brine  to  the  owt,  ^  to  }  lb  of  nitre,  2  lb  of  sugar,  a  little  spice,  salt,  and 
t  OS.  of  phosphoric  acid,  which  serves  more  completely  to  retain  the  albumen,  and  also  adds  a 
little  phosphoric  acid.  The  brine  can  be  need  hot.  lliis  is  an  excellent  plan,  but  the  meat  is 
too  salt. 

*  Every  contract  shonid  have  a  dause  giving  ofiScers  the  power  of  inspection. 

t  The  animal  is  divided  into  carcass  and  oful ;  the  former  includes  the  whole  of  the  skeleton 
(eicept  the  head  and  feet),  with  the  muscles,  membranes,  vessels,  and  fat,  and  the  kidneys  and 
fat  suntnmding  them.  Toe  oibl  includes  the  head,  feet,  akin,  and  all  internal  organs,  except 
the  kidnqrs. 

X  Dr  Pavy  f^ves  four  years  for  the  highest  perfection  of  ox  beef,  on  the  authority  of  an 
**  inieUtgeat  and  experienced  grazier." 
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to  three  years ;  third  and  fourth  temporary  incisors  at  thirty-three  months  to 
three  years.  The  development  is  quite  complete  at  from  five  to  six  years.  At 
that  time  the  horder  of  the  incisors  has  been  worn  away  a  little  below  the 
level  of  the  grinders.  At  six  years  the  first  grinders  are  beginning  to  wear, 
and  are  on  a  level  with  the  incisors.  At  eight  years  the  wear  of  the  first 
grinders  is  very  apparent  At  ten  or  eleven  years  the  used  surfaces  of  the  teeth 
begin  to  bear  a  square  mark  surroimded  with  a  white  line ;  and  this  is  pro- 
nounced on  all  the  teeth  by  the  twelfth  year ;  between  the  twelfth  and  four- 
teenth year  this  mark  takes  a  round  form. 

The  rings  on  the  horns  are  less  useful  as  guides.  At  ten  or  twelve  months 
the  first  ring  appears ;  at  twenty  months  to  two  years  the  second ;  at  thirty 
to  thirty-six  months  the  third  ring ;  at  forty  to  forty-six  months  the  fourth 
ring ;  at  fifty-four  to  sixty  months  the  fifth  ring,  and  so  on.  But  at  the  fifth 
year,  the  three  first  rings  are  indistinguishable,  and  at  the  eighth  year  all  the 
rings.     Besides,  the  dealers  file  the  horns. 

In  the  sheep,  the  temporary  teeth  begin  to  appear  in  the  first  week,  and 
fill  the  mouth  at  three  months;  they  are  gradually  worn  and  fall  about 
fifteen  or  eighteen  months.  The  fourth  permanent  grinders  appear  at  three 
months,  and  the  fifth  pair  at  twenty  to  twenty-seven  months.  A  common 
rule  is  '^  two  broad  teeth  every  year.  "  The  wear  of  the  teeth  begins  to  be 
marked  about  six  years. 

The  age  of  the  pig  is  known  up  to  three  years  by  the  teeth ;  after  that  there 
is  no  certainty.  The  temporary  teeth  are  complete  in  three  or  four  months ; 
about  the  sixth  month,  the  premolars,  between  the  tusks  and  the  first  pair  of 
molars,  appear ;  in  six  or  ten  months  the  tusks  and  posterior  incisors  are 
replaced;  in  twelve  months  to  two  years  the  other  incisors;  the  four  per- 
manent molars  appear  at  six  months ;  the  fifth  pair  at  ten  months ;  and  the 
sixth  and  last  molars  at  eighteen  months. 

GoruHiion  and  HedUh. — There  ought  to  be  a  proper  amount  of  fat,  which 
is  best  felt  on  the  false  ribs  and  the  tuberosities  of  the  ischium,  and  the  line 
of  the  belly  from  the  sternum  to  the  pelvis ;  the  flesh  should  be  tolerably 
firm  and  elastic ;  the  skin  should  be  supple. 

As  showing  health,  we  should  look  to  [the  general  ease  of  movements,  the 
quick  bright  eye,  the  nasal  mucous  membrane  red,  moist,  and  healthy-looking ; 
the  tongue  not  hanging ;  the  respiration  regular,  easy ;  the  expired  air  without 
odour ;  the  circulation  tranquil ;  the  excreta  natural  in  appearance. 

When  sick,  the  coat  is  rough  or  standing ;  the  nostrils  dry  or  covered  with 
foam ;  the  eyes  heavy ;  the  tongue  protruded ;  the  respiration  difficult ;  move- 
ments slow  and  difficult ;  there  may  be  diarrhoea ;  or  scanty  or  bloody  urine, 
&c.     In  the  cow  the  teats  are  hot 

The  diseases  of  cattle  which  the  medical  officer  should  watch  for  are — 

1.  Epidemie  Pleuro-pneumonia  (or  lung  disease). — ^Not  easily  recognised 

at  first,  but  with  marked  lung  symptoms  after  a  few  days. 

2.  Foot  and  Mouth  Disease  (murrain,  aphtha,  or  eczema  epizootica). — 

At  once  recognised  by  the  examination  of  the  mouth,  f  eet^  and  teats. 

3.  CattU  Plague  (typhus  contagiosus,  Steppe  disease.  Rinderpest). — 

Eecognised  by  the  early  prostration  (hsmging  of  head,  drooping  of 
ears),  shivering,  running  from  eyes,  nose,  and  mouth,  peculiar  con- 
dition of  tongue  and  hps,  cessation  of  rumination,  and  then  by 
abdominal  pain,  scouring,  &c 

4.  Anthrax  (malignant  pustule,  carbuncular  fever). — ^If  boils  and  car- 

buncles form,  they  are  at  once  recognised ;  if  there  is  erysipelas,  it 
is  called  black-quarter,  quarter-ill,  or  blackleg  (erysipelas  carbun- 
culosum),  and  is  easily  seen. 
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5.  Simple  inflammaiory  qffedums  of  tlie  lungs,  bronchitis,  and  simple 

pneumonia.     All  have  obvious  symptoms. 

6.  Lhropdcal  affeetiona  from  kidney  or  heart  disease. 

7.  Indigestion^  often  combined  with  apoplectic  symptoms. 

A  great  number  of  other  diseases  attack  cattle,  which  it  is  not  necessary  to 
enumerate.  All  the  above  are  tolerably  easily  recognised.  The  piesence  of 
Tcenia  medioeanellaia  cannot,  to  my  knowledge,  be  detected  before  death. 

The  diseases  of  sheep  are  similar  to  those  of  cattle ;  they  suffer  also  in 
certain  cases  from  splenic  apoplexy  or  "brazy,"  which  is  considered  by 
Professor  Gamgee  to  be  a  kind  of  anthrax,  and  is  said  to  kill  50  per  cent,  of 
all  young  sheep  that  die  in  Scotland ;  the  animals  have  a  ''  peculiar  look, 
staggering  gait^  blood-shot  eyes,  rapid  breathing,  full  and  frequent  pulse, 
scanty  secretions,  and  great  heat  of  ihe  body."* 

The  smallpox  in  sheep  (variola  ovina,  davdee  of  the  French),  is  easily 
known  by  the  flea-bitten  appearance  of  the  skin  in  the  early  stage,  and  by  the 
rapid  appearance  of  nodules  or  papulae  and  vesicles. 

The  sheep  is  also  suli^ect  to  black-quarter  (Erysipelas  carbunculosum) ;  one 
limb  is  affected ;  and  the  limp  of  the  animal,  the  fever,  and  the  rapid  swell- 
ing of  the  limb,  are  sufficient  diagnostic  marks. 

The  sheep,  of  course,  may  suffer  from  acute  lung  affection,  scouring,  red 
water  (hsematuria),  and  many  other  diseases.  Of  the  chronic  lung  affections, 
one  of  the  most  important  is  the  so-called  '^  phthisis,''  which  is  produced  by 
the  ova  of  the  Sirongylua  jUaria,  This  entozoon  has  not,  I  believe,  been  yet 
found  in  the  muscles,  and  the  meat  is  said  to  be  good.  The  rot  in  sheep 
(fluke  disease)  is  caused  by  the  presence  of  the  Distoma  hepaticum  in  large 
numbers  in  the  liver,  and  sometimes  by  other  parasites.  The  principal 
symptoms  are  dulness,  sluggishness,  followed  by  rapid  wasting  and  pallor  of 
the  mucous  membrane,  diarrhcea,  yellowness  of  the  eyes,  falling  of  the  hair, 
and  dropsical  swelHngs.  The  animal  is  supposed  to  l&ke  in  the  Cercaria 
(the  embryotic  stage  of  the  distoma)  from  the  herbage.  The  so-called  "  gid," 
''  sturdy,"  or  ''  tumsick,"  is  caused  by  the  development  of  the  CoBnurue  cere" 
breUis  in  the  brain. 

The  pig  is  also  attacked  by  anthrax  in  different  forms,  by  typhoid,  and 
by  hog  cholera,  t  The  swelling  in  the  first  case,  and  the  scouring,  fever,  and 
prostration  in  the  second,  are  sufficient  diagnostic  marks.  In  1864,  a  severe 
fever  of  this  kind,  with  or  without  scouring,  prevailed  among  the  pigs  in 
London. 

The  so-called  measle  of  the  pig  is  caused  by  the  presence  in  the  muscle  of 
the  Oystieercus  celluloscB.  It  is  detected  in  the  following  way: — The 
<<  measle  trier  "  throws  the  pig  on  its  back,  draws  out  and  wipes  the  tongue, 
and  looks  and  feels  for  the  sublingual  vescicles  containing  the  CysticereL 
Sometimes  a  bit  is  cut  out  of  the  muscle  under  the  tongue,  and  the  Cysticerci 
are  microscopically  examined.  A  small  harpoon  can  be  used  for  this  purpose, 
and  gives  little  pain.  Sometimes  the  Cysticercus  can  be  seen  on  the  con- 
junctiva, or  on  the  folds  of  the  anus.  When  the  disease  is  far  advanced,  the 
sninial  is  duU,  the  eyes  heavy,  appetite  bad.  These  symptoms  are,  however, 
not  peculiar ;  there  is  said  to  be  sometimes  tenderness  in  the  groin  (Gr^ve), 

*  Fifth  Report  of  the  Medical  Officer  to  the  Priyy  Ck>uiici],  p.  222. 

•f-  Dr  Cobbold  (Monthly  Microscopical  Journal,  Not.  1871)  has  lately  pointed  out  that  the 
pig  Is  affected,  both^in  America  and  Australia,  with  a  large  parasite  (the  Stephanurtu  dentatus)* 
This  worm  is  fomid  chiefly  though  not  solely  in  the  fat,  and  is  at  first  free  and  then  encysted  ; 
the  cyst  ia  large,  and  may  be  1|  inch  in  length  and  i  inch  in  diameter.  The  full  grown  worm 
may  be  as  much  as  1}  inch  in  length.  Three  to  six  eggs  are  found  in  the  cyst,  and  the  young 
worms  migrate.    Dnnng  their  nugratlon,  it  has  been  surmised  that  they  cause  the  *'  hog 
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but,  acooiding  to  Delpech,  this  is  yeiy  uiioertaiii ;  a  letter  sign  is  a  certain 
amount  of  swelling  of  the  shoulder,  which  causes  a  sort  of  constriction  of  the 
neck,  and  somewhat  impedes  the  movements  of  the  animals  (Delpech).  The 
presence  of  the  Trichina  spiralis  is  indetectable  before  death,  unless  found  in, 
the  muscles  under  the  tongue. 

Sub-Sbotjon  H — iNSPBcnoK  OF  Dead  Msat.* 

1.  Fresh  Meat. 

Meat  should  be  inspected,  in  temperate  dimates,  twenty-four  hours  after 
being  killed ;  in^the  tropics,  earlier. 

The  following  points  must  be  attended  to : — 

(a)  QiiantUy  of  Bone. — In  lean  animals,  the  bone  is  relatively  in  too  great 
proportion ;  taking  the  whole  meat,  20  per  cent,  should  be  allowed. 

(6)  Quantity  and  Character  of  the  Fat. — It  should  be  sufficient,  yet  not 
excessive,  else  the  relative  proportion  of  albuminous  food  is  too  low;  it 
should  be  firm,  healthy  looking,  not  like  jelly,  or  too  yellow;  without 
haemorrhage  at  any  point  The  kind  of  feeding  has  an  effect  on  the  colour  of 
the  fat ;  some  oil-cakes  give  a  marked  yellow  colour. 

Professor  Gamgee  states  that  pigs  fed  on  flesh  have  a  peculiarly  soft 
diffluent  fat,  and  emit  a  strong  odour  from  their  bodies.  The  same  authority 
tells  us  that  the  butchers  will  rub  melted  fat  over  the  carcass  of  thin  and 
diseased  animals,  to  give  the  glossy  look  of  healtL 

(c)  Gondition  of  the  Flesh. — ^The  muscles  should  be  firm,  and  yet  elastic ; 
not  tough ;  the  pale  moist  muscle  marks  the  young  animal,  the  dark-coloured 
the  old  one;  the  muscular  fasciculi  are  larger  and  coarser  in  bulls  than 
oxen.  A  deep  purple  tint  is  said  to  indicate  that  the  animal  has  not  been 
slaughtered,  but  has  died  with  the  blood  in  it  (Letheby).  When  good  meat  is 
placed  on  a  white  plate,  a  little  reddish  juice  frequently  flows  out  after  some 
nours.  Good  meat  has  a  marbled  appearance  from  the  ramifications  of  little 
veins  of  fat  among  the  muscles  (Letiieby).  There  should  be  no  lividity  on 
cutting  across  some  of  the  muscles ;  the  interior  of  the  muscle  should  be  of 
the  same  character,  or  a  little  paler;  there  should  be  no  softening, 
mucilaginous  fluid,  or  pus,  in  the  intermuscular  cellular  tissue.  This  is  an 
important  point,  which  should  be  closely  looked  to.  The  intermuscular 
tissue  becomes  soft,  and  tears  easily  when  stretched  in  commencing 
putrefaction. 

The  degree  of  freshness  of  meat  in  commencing  putrefaction  is  judged  of 
by  the  colour,  which  becomes  paler ;  by  the  odour,  which  becomes  at  an  early 
stage  diflerent  from  the  not  unpleasant  odour  of  fresh  meat,  and  by  the 
consistence.  Afterwards,  the  signs  are  marked;  the  odour  is  disagreeable, 
and  the  colour  begins  to  turn  greenish,  f  It  is  a  good  plan  to  push  a  clean 
' 

*  In  the  city  of  London,  about  1  ton  in  750  tons  is  condemned,  but  much  escapes  detection. 
Letheby  (Lectores  on  Food,  2d  edition,  uage  209)  states  that  700  tons  of  meat  were  destroyed, 
in  seven  years ;  of  this,  805,653  lb  were  diseased ;  568,875  tb  were  putrid,  and  198,782  lb  were 
from  animals  which  had  died  of  accident  or  disease.  "  In  thet:ity  of  London,  the  practice  19 
to  condemn  the  flesh  of  animals  infected  with  certain  parasit&i,  such  as  measles  and  flukes,  fta, 
and  of  animals  suffering  tram  fever  or  acute  inflammatory  affections,  as  rinderpest,  pleuro^ 
pneumonia,  and  the  fever  of  parturition,  and  of  animals  emaciated  by  lingering  disease,  and 
those  which  have  died  fh)m  accident  or  from  natural  causes,  as  well  as  all  meat  tainted  with 
physic,  or  in  a  high  state  of  putrefaction. "  ( Ibid^  p.  210. )  It  may  be  a  question  if  meat  should 
oe  condemned  in  some  of  these  cases,  as,  for  instance,  pleuro-pneumonia.  In  India,  meat 
with  Cysticerci  is  now  ordered  to  be  received^  but  to  be  carefully  cooked ;  but  it  would  be  very- 
difficult  to  ensure  that  proper  oooking  shall  be  always  had  recourse  to. 

t  In  diseased  meat  there  is  a  disagreeable  odour,  sometimes  a  smeU  of  physic ;  very  discover* 
aT)le  when  the  meat  is  chopped  up  and  drenched  with  warm  water,  , 
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knife  into  the  flesh  up  to  its  hilt.  In  good  meat  tlie  reaiBtance  ia  nnif  onn ; 
in  patiefTing  meat,  some  parts  aie  softer  tlian  others.  The  smell  of  the 
knife  is  also  a  good  teat,  Cysticerci  and  Triclmue  should  be  looked  for 
(see  belov). 

(d)  Coaditiim  of  t?ie  Utarrote. — In  temperate  climates  tlie  martov  of  the 
hind  legs  is  solid  twenty-fonr  hours  after  killing ;  it  is  of  a  light  rosy  red. 
If  it  is  soft,  brownish,  or  with  black  points,  the  animals  has  been  sick,  or 
putrefaction  is  commencing.  The  manow  of  the  fore-lc^  is  more  diffluent ; 
something  like  honey — of  a  light  rosy  red. 

(c)  Condition  of  Lungs  and  Liver. — Both  shonid  be  looked  at,  to  detect 
the  Stronffylw  jUaria  in  the  Innge ;  the  Distoma  in  the  liver ;  also  for  the 
presence  of  multiple  abscesses. 

(/)  To  detect  cattle  plague,  the  mouth,  stomach,  or  intestines  must  be 
seen ;  no  alterations  have  as  yet  been  pointed  out  in  the  naked-eye  appearance 
of  the  muscles,  though  under  the  microecope  they  aie  found  to  be  degenerat- 
ing like  the  muscles  in  human  typhoid  (Suchanan). 

Bat  meat  cannot  be  fully  judged  of  till  it  has  been  cooked,  so  as  to  sea 
bow  much  it  loses  in  roasting  oi  boiling ;  whether  the  fibres  cook  hard,  &c. 

In  countries  where  there  aie  goats,  the  attached  foot  of  the  sheep  should 
be  aent  in  for  identification. 

Decomposing  sausages  are  difficult  of  detection  until  the  smell  alters. 
Artmann  recommends  mixing  the  sausage  with  a  good  deal  of  water,  boiling 
and  adding  freshly-prepared  lime-water.  Good  sansages  give  only  a  faint, 
not  unpleasant,  ammoniacal  smell  j  bad  sausages  give  a  very  offenaiTe, 
peculiar  ammoniacal  odour. 

MieroMopic  Examination  of  Meat. 

In  the  flesh  of  cattle,  or  of  the  pig,  Cysticerci  may  be  found.    They  are 

generally  visible  to  the  naked  eye  as  small  round  bodies ;  when  placed  under 


n  CalcatU  {natntal  siia), 

a  microscope  with  low  power,  their  real  nature  is  seen ;  they  are  sometimes 

so  numerous  aa  to  cause  the  flesh  to  crackle  on  section.  The  amaUeat 
Cysticercna  noticed  by  Leackart  in  the  pig  was  about  y^ths  of  an  inoh  long 
and  y§|yths  broad ;  but  tbey  are  generally  much  larger,  and  will  reach  to  ^tha 
or  ^Uis  or  jtha  of  an  inch.  In  some  countries  they  are  extremely  common  in 
catue,  and  have  been  a  eouice  of  considerable  trouble  in  N^orth-Woat  India.  . 
The  Cysticercus  of  the  ox  produces  in  man  the  Tctnia  mediocanellaia._  _Ia 


512  FOOD. 

sheep  Cobbold  has  described  a  small  Cysticerciis  with  a  doable  crown  of 
hooks,  26  in  number.  He  thinks  that  possibly  a  special  Taenia  may  arise 
from  this.*  In  diagnosing  the  Cysticerci  of  pork  the  booklets  should  always 
be  seen. 

The  TrichinsB  may  be  present  in  the  flesh  of  the  pig ;  if  encapsuled  they 
will  be  seen  with  the  naked  eye  as  small  round  specks ;  but  very  often  a 
microscope  is  necessary.  A  power  of  50  to  100  diameters  is  sufficient.  The 
best  plan  is  to  take  a  thin  slice  of  flesh ;  put  it  into  liquor  potassse  (1  part  to 
8  of  water),  and  let  it  stand  for  a  few  minutes  till  the  muscle  becomes  clear ; 
it  must  not  be  left  too  long,  otherwise  the  TrichinsB  will  be  destroyed. 
The  white  specks  come  out  clearly,  and  the  worm  will  be  seen  coiled  up.  If 
the  capsule  is  too  dense  to  allow  the  worm  to  be  seen,  a  drop  or  two  of  weak 
hydrochloric  acid  should  be  added.  If  the  meat  is  very  fat,  a  little  ether  or 
benzine  may  be  put  on  it  in  the  first  place.  The  parts  most  likely  to  be 
infected  are  said  to  be  the  muscular  part  of  the  diaphragm,  the  intercostal 
muscles,  and  the  muscles  of  the  eye  and  jaw.f  In  diagnosing  TrichinsB,  the 
coiled  worm  should  be  distinctly  seen.  The  StepJianurus  deidatus  in  the  pig 
has  been  already  referred  to. 

The  so-caUed  Psorospermia,  or  Eainey's  capsules,  must  not  be  mistaken 
for  the  Trichinae,  nor  indeed  with  care  is  error  possible.  These  are  little, 
abnost  transparent,  bodies,  found  in  the  flesh  of  oxen,  sheep,  and  pigs.  They 
are  in  shape  oval^  spindle-shaped,  or  sometimes  one  end  is  pointed  and  the 
other  rounded,  or  they  are  kidney-shaped.  The  investing  membrane  exhibits 
.delicate  markings,  caused  by  a  linear  arrangement  of  minute  hair-like  fibres, 
which  Mr  Eainey^  states  increase  in  size  as  the  animsd  gets  older.  They 
sometimes  are  pointed,  and  the  appearance  under  a  high  power  (1000  diameters) 
is  as  if  the  investment  consisted  of  very  delicate,  transparent,  conical  hairs, 
terminating  in  pointed  proce6s.§  The  contents  of  l^e  cysts  consist  of 
granular  matter,  the  granules  or  particles  of  which  when  mature  are  oval,  and 
which  adhere  together,  so  as  to  form  indistinct  divisions  of  the  entire  mass. 
The  length  varies  from  -jp^th  to  ^th  of  an  inch.  They  are  usually  narrow ; 
they  lie  within  the  sarcolemma,  and  appear  often  not  to  irritate  the  muscle. 

Till  the  present  time  no  injurious  effect  has  been  known  to  be  produced  on 
men  by  these  bodies,  notwithstanding  their  enormous  quantities  in  the  flesh 
of  domestic  animals,  nor  have  they  been  discovered  in  the  muscles  of  men. 
£ut  in  pigs  these  bodies  sometimes  produce  decided  illness ;  besides  general 
signs  of  illness,  there  are  two  invariable  symptoms,  viz.,  paralysis  of  the  hind 
legs,  and  a  spotty  or  nodular  eruption.  ||  In  sheep  they  have  been  known  to 
aflect  the  muscle  of  the  guUet,  and  produce  abscesses,  or  what  may  be  called 
so,  viz.,  swellings  sometimes  as  large  as  a  nut,  and  containing  a  milky  purulent- 
looking  fluid,  with  myriads  of  these  capsules  in  it  Sheep  aflected  in  this  way 
often  die  suddenly.^ 

It  is  by  no  means  improbable  that  some  eflect  on  man  may  be  hereafter 
discovered  to  be  produced. 

Some  bodies  which  have  been  also  termed  Psorospermia,  found  in  the  liver 
of  the  rabbity  and  other  parts,  and  in  the  liver  of  man,  and  which  have  been 


*  Sui^geon-major  Oldham  describes  Cysiicereua  TewuieoUit  (from  Ttenda  margincUa  of  dog)  as 
oommon  in  the  sheep  of  the  Pomab ;  it  has  four  suckers  and  a  double  coronet  of  82  hooks. 
(Indian  Medical  Gazette  August,  1873). 

t  Lion— Comp.  des  Sanit,  Pol.  p.  l71. 

J  PhiL  Trans.  1867. 

I  Beale,  in  third  Report  of  the  Cattle  Plague  Commission,  Appendix. 

II  Virchow's  Archiv,  hand  xxzviii.  p.  855. 

•IT  Leisering,  in  VirchowS  Archiv,  band  xjzviL  p.  431. 
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deecribed  by  many  observeis  in  different  teims,*  may  possibly  be  found  in 
other  animalH,  as  they  have  been  seen  in  the  dog  by  Yirchow.  They  are  quite 
different  from  Barney's  corpuscles ;  they  are  oved  or  rounded  bodies,  at  first 
with  granular  contents,  and  then  with  aggregations  of  granules  into  three  or 
four  rounded  bodies,  on  which  something  like  a  nucleolus  is  seen.  They 
have  often  been  mistaken  for  pus  cells. 

Some  other  bodies  occur  in  the  flesh  of  pigs,  the  nature  of  which  is  not  yet 
known.  Wiederholdf  describes  a  case  in  which  little  white  specks,  with  all 
the  appearance  at  first  of  encapsuled  TrichinsB,  could  not  be  proved  to  be  so, 
and  their  real  nature  was  quite  obscure. 

Yirchow  has  described  Uttle  concretions  in  the  flesh  of  the  pig,  which  seemed 
to  be  composed  of  guanin ;  X  these  were  also  at  first  taken  for  encapsuled 
Trichinas. 

Eoloff  §  has  described  little  hard  round  nodules  in  the  flesh  of  the  pig,  some 
seem  yery  small,  others  as  large  as  the  head  of  a  pin,  with  little  prolongations 
running  to  the  surrounding  muscular  fibres  to  which  they  are  attached.  On 
the  outside  of  these  bodies  are  bundles  of  fine  hairs  or  needles,  sometunes 
arranged  in  quite  a  feather-like  form.  The  bodies  have  a  great  resemblance 
to  the  guanin  bodies  of  Yirchow,  but  the  needles  are  not  crystallina  Eoloff 
puts  the  question  if  these  bodies  are  of  post-mortem  origin. 

It  is  hardly  necessary  to  state  that  in  cutting  across  meat,  small  bits  of 
tendons  or  fascia,  sometimes  very  like  a  little  cyst,  will  be  found ;  but  common 
care  will  prevent  a  mistake. 

2.  Salt  Meat. 

It  IB  not  at  all  easy  to  judge  of  salt  meat,  and  the  test  of  cooking  must  often 
be  employed.     The  following  points  should  be  attended  to  : — 

(a)  2%e  salting  has  been  well  donsy  hut  the  parts  infet'ior, — ^This  is  at  once 
detected  by  taking  out  a  good  number  of  pieces ;  those  at  the  bottom  of  the 
cask  should  be  looked  at,  as  well  as  those  at  the  top. 

(b)  The  salting  well  donsy  and  the  parts  goody  hut  the  meat  old. — Here  the 
extreme  hardness  and  toughness,  and  shrivelling  of  the  meat,  must  guide  us. 
It  would  be  desirable  to  have  the  year  of  salting  placed  on  the  cask  of  salt  beef 
or  pork. 

(c)  T?ie  sdUing  tceU  done,  hut  the  meat  bad. — If  the  meat  has  partially 
putrefied,  no  salting  will  eni^ly  remove  its  softness  ;  and  even  there  may  be 
putrefactive  odour,  or  greenish  colour.  A  slight  amount  of  decomposition  is 
arrested  by  the  salt^  and  is  probably  indetectabla  Cysticerci  are  not  killed 
by  salting,  and  can  be  detected.  Measly  pigs  are  said  to  salt  badly,  but  Mr 
Gamgee  informs  me  this  is  not  the  case. 

(d)  The  salting  badly  doney  either  from  haste  or  had  brine. — In  both  cases 
signs  of  putrefaction  can  be  detected ;  the  meat  is  paler  than  it  should  be  ; 
often  slightly  greenish  in  colour,  and  with  a  peculiar  odour. 

It  should  be  remembered  that  brine  is  sometimes  poisonous ;  this  occurs  in 
cases  where  the  brine  has  been  used  several  times ;  a  large  quantity  of  animal 
substance  passes  into  it,  and  appears  to  decompose.  The  special  poisonous 
agent  has  not  been  isolated. 

8ub-Sbotion  nL — ^Diseases  Awsma  prom  altered  Quality  op  Meat. 

A  very  considerable  quantity  of  meat  from  diseased  animals  is  brought  into 
the  market^  but  the  amount  is  imcertain. 

*  Leuckart,  Die  Menschl.  Pans,  band  i.  p.  740 ;  Stieda,  Virchow'a  Archiy,  T>and  zxzii.  p.  132 ; 

Boloff,  Virchow's  Arehiv,  band  xliii.  p.  612.  f  Virchow's  Arehiv,  baud  xxxiii.  p.  549. 

i  Ibid,  band  xxxv.  35b.  §  Vircbow'a  Arehiv,  band  xliii.  p.  524.  j 
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Instanoes  are  not  at  all  nncommon  in  which  peisons,  after  partaking  of  bat- 
cher's meat^  have  been  attacked  with  serious  gastro-intestinal  symptoms 
(vomiting,  diarrhoea,  and  even  cramp),  followed  in  some  cases  by  severe 
febrile  symptoms;  the  whole  complex  of  symptoms  somewhat  resembles 
cholera  at  first,  and  afterwards  typhoid  fever*  The  meat  has  been  often 
analysed,  for  the  purpose  of  detecting  poison,  but  none  has  been  found.*  In 
the  records  of  these  cases,  the  kind  of  meat^  tbe  part  used,  and  the  origin  from 
a  diseased  animal,  ate  not  stated,  and,  in  some  cases,  it  may  be  conjectured 
l^t  the  cooking,  and  not  the  meat,  was  in  fault  Still,  Ihe  instances  are 
becoming  numerous,  and  are  increasing  every  day,  as  attention  is  directed  to 
the  subject.  We  should  conclude  from  general  principles,  that  as  all  diseases 
must  affect  the  composition  of  flesh,  and  as  the  composition  of  our  own  bodies 
is  inextricably  blended  with  the  composition  of  the  substances  we  eat,  it  must 
be  of  the  greatest  importance  for  health  to  have  these  substances  as  pure  as 
possible.  AniTTial  poisons  may  indeed  be  neutralised  or  destroyed  by  the 
processes  of  cooking  and  digestion,  but  the  composition  of  muscle  must  exert 
an  influence  on  the  composition  of  our  own  nitrogenous  tissues  which  no 
preparation  or  digestion  can  remove. 

On  looking  through  the  hterature  of  the  subject,  however,  we  find  less 
evidence  than  might  be  expected.  I  cannot  but  believe  this  to  be,  in  part^ 
owing  to  imperfect  observation,  especially  when  we  think  for  how  long  a  time 
the  Trichina  disease  was  overlooked. 

1.  The  flesh  of  healthy  animala  may  produce  Poisonous  Symptoms. — ^This 
is  the  case  with  certain  kinds  of  fish,  especially  in  the  tropical  seas.  There  ji 
no  evidence  that  the  animal  is  diseased,  and  the  flesh  is  not  decomposed ;  it 
produces,  however,  violent  symptoms  of  two  kinds — gastro-intestinal  irritation, 
and  severe  ataxic  nervous  symptoms,  with  great  depression  and  algidity.  The 
little  herring  (Clupea  harengo  minor),  the  silver-fish  {Zetis  galltts),  the 
pilchard,  the  white  flat-fish,  and  several  others,  have  been  known  to  have 
these  effectaf  In  some  cases,  though  not  in  all,  the  poison  is  developed 
during  the  breeding  time.  Oysters  (even  when  in  season)  and  mussek  have 
been  known  to  produce  similar  symptoms,  without  any  decomposition.  The 
production  of  dyspepsia  and  nettle-rash  in  some  persons  from  eating  shell-fish 
need  scarcely  be  mentioned. 

Among  IJie  Mammalia  the  flesh  of  the  pig  sometimes  causes  diarrhoea — a 
fact  I  have  had  occasion  to  observe  in  a  regiment  in  India,  and  which  has 
been  often  noticed  by  others.  The  flesh  is  probably  affected  by  the  unwhole- 
some garbage  on  which  the  pig  feeds.  Sometimes  pork,  not  obviously 
diseased,  has  produced  choleraic  symptoms.}  In  none  of  these  cases  has  the 
poison  been  isolated. 

2.  The  flesh  of  healthy  animals  when  decomposing,  is  eaten  sometimes 
without  danger ;  but  it  occasionally  gives  rise  to  gastro-intestinal  disorder — 
vomiting,  diarrhoea,  and  great  depression;  in  some  cases  severe  febrile 
symptoms  occur,  which  are  like  typhus,  on  account  of  the  great  cerebral  com- 
plication.    Cooking  does  not  appear  entirely  to  check  the  decomposition. 

It  appears  to  be,  in  some  cases,  the  acid  fluids  of  cooked  meat  which 
promote  this  alteration. 


*  See  ProfeMor  Oaxngee's  paper  in  the  Fifth  Rei)ort  of  the  Medical  OfScer  to  the  Privy 
Conncil,  1868,  p.  287.  He  raera  to  cases  noted  oy  Madagan,  Taylor,  Letheby,  Dnndas 
Thomson,  and.Keith. 

t  A  list  of  more  than  forty  fishes,  which  are  occasionally  poisonous,  is  given  by  Pappen- 
heim.— Hand,  der  Sanitais-Pol.  band  i.  p.  8d5. 

.  t  Kesteren  cites  a  good  case  in  whicn  twelve  persons  were  aflEiooted. — Med.  Ti$nee  and 
OazeUe,  March  6, 1864. 
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Bansagee  and  pork-pies*  sometimes  become  poisonous  from  the  formation 
of  an  as  yet  unknown  substance,  which  is  perhaps  of  a  fatty  nature.  It  is 
not  trimethylamine,  amylamine,  or  phenylamine — ^these  are  not  poisonous 
(Schlossbeiger).  The  symptoms  are  severe  intestinal  irritation,  followed 
rapidly  by  nervous  oppression  and  collapse.!  Neither  salts  nor  spices  hinder 
the  production  of  thus  poison*  M.  Yandem  Corput  attributes  the  poisonous 
effects  of  sausages  to  a  fungus^  of  the  nature  of  a  sarcina,  or  what  he  terms 
Sareina  botidincui 

Oysters  and  shell-fish,  when  decomposing,  produce  also  marked  symptoms 
of  the  same  kind.  Botten  fiah  are  used,  however,  by  the  Burmese,  Siamese, 
and  Chinese  as  a  sort  of  condiment,  without  bad  effects. 

3.  The  fresh  asnd  not  decomposing  flesh  of  diseased  aafdmcds  causes  in  many 
cases  ii^urious  efifeets.  A  good  deal  of  difference  of  opinion,  however,  exists 
on  this  point,  and  it  would  seem  that  a  moxe  careful  inquiry  is  necessary. 
The  probability  is,  that  when  attention  is  directed  to  the  subject,  the  effects 
of  diseased  meat  will  be  found  to  be  more  considerable  than  at  present 
be]ieved.§  At  the  same  time,  we  must  not  go  beyond  the  facts  as  they  are 
at  present  known  to  us,  and  at  present  certainly  bad  effects  have  been  traced 
in  only  a  few  instances  ]  perhaps  the  heat  of  cooking  is  the  safeguard. 

(a)  Accidents. — ^The  ffeah  of  animals  killed  on  account  of  accidents  may  be 
eaten  without  injury. 

(p)  The  flesh  of  over^driven  animals  is  said  by  Profeasor  Gamgee  to  contain 
a  poison  which  often  produces  eczema  on  the  skm  of  those  who  handle  it ;  and 
eating  the  flesh  is  said  to  ''  have  been  attended  with  bad  effects." 

(c)  Early  Stage  of  Acute  Inflwnmaiory  Disease, — ^The  meat  is  not  appcoentiy 
altered,  and  it  is  said  that  some  of  the  primest  meat  in  the  London  market  is 
taken  from  beasts  in  this  condition ;  it  m  not  known  to  be  iigurious;  but  it 
has  been  recommended  that  the  blood  should  be  allowed  entirely  to  flow  out 
of  the  body,  and  should  not  be  used  in  any  way. 

{d)  Chronic  wasting  Diseases — PhihisiSj  Dropsy^  dsc, — ^The  flesh  is  paloi 
cooks  badly,  and  gives  rise  to  sickness  and  diarrhoea.  It  also  soon  begins  to 
decompose,  and  then  causes  very  severe  gastro-intestinal  derangement. 

(e)  Chronic  Nervous  /'ercrA— Same  as  above. 

(J)  Epidemie  Pleuro-pneumoida  of  Cattle. — Much  doubt  exists  as  to  the 
effect  of  this  disease  on  the  meat  It  is  hardly  possible  that  the  flesh  should 
ix>t  be  seriously  altered  in  composition,  but  it  seems  certain  that  a  large  quan- 
tity is  daily  consumed  without  apparent  injury.  I  have  been  informed  by 
two  most  exceUent  authorities  that  the  Kaffirs  ate  their  cattie  when  destroyed 
by  the  epidemic  lung  disease  which  prevailed  at  the  Cape  some  years  ago, 
without  injury.  Both  my  informants — ^Staff-«urgeon  Nicolson  and  Assistant* 
surgeon  Frank — macfe  very  careful  inquiries  on  this  point  Dr  livingstone, 
however,  states  that  the  use  of  such  flesh  produces  carbuncle. 

(g)  Anthrax  and  Malignant  Pustulk — Many  of  the  older  authors 
(Bamazzizii,  Loncisi,  quoted  by  lavy)  mention  facts  tending  to  prove  the 


*  I  hkve  Botm  rery  severe  spnptoms  piodoeed,  diarrhoea  and  partial  collapse,  from  eating 
beefsteak  pie,  vhich  presented  nothing  unpleasant  to  the  tasta    (F.  de  C. ) 

f  A  severe  ca8ex>f  poisoning  by  lirer  sausages  took  place  at  Middelbnrg  in  Hiolland,  in  March 
187i.  Nearly  400  were  attackea,  and  out  of  349  reported  caaes,  6  died.  The  symptoms  com- 
ineneed  a  few  hoars  after  the  sausages  were  eaten,  consisting  of  nausea  and  vomiting,  diarrhoea 
with  oiTensiTe  stoola  and  abdominal  pain  and  high  fiBver.  The  symptoms,  after  apparent 
convalescence  recurred  for  seyeral  days,  and  at  last  became  quite  of  an  intermittent  character, 
Cbenical  and  nicroseopieal  examination  failed  to  detect  anything,  except  that  there  were 
qua&tfties  of  the  minutest  oiganisms  in  the  sansagea,  (Centnublatt  ftir  die  Med.  Wiss.  1875^ 
ffo.  14,  p.  219.) 

X  Quoted  by  JjitbAj,  CSbAndcal  JPfetos,  Febu  1869.    I  have  not  seen  the  original  papei; 

f  ^Cettor(^i;Bejajslhat  JJ^of  tbameatinLoiMko 
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danger  of  using  the  fleah  of  animals  affected  "witli  maligiuait  pustiUe. 
Chaussier  also  affirmed  the  same  thing,  but  subsequently  modified  his  opinion 
considerably.  The  apparent  increase  in  the  number  of  cases  of  malignant 
pustule  in  men  has  been  ascribed  to  eating  the  flesh  of  animals  with  this 
disease,  but  it  is  quite  as  likely  thatinoeulati(m  may  have  taken  place  in  other 
ways. 

The  evidence  laid  before  the  Belgian  Academy  of  Uadicine  led  them  to 
believe  the  flesh  of  cattle  afBocted  with  carbuncular  fevers  to  be  ii^urious,  and 
it  is  not  allowed  to  be  sold 

It  has  been  supposed  that  the  outbreaks  of  boiJa,  which  have  certainly 
become  more  prevalent  of  late  years,  are  produced  by  meat  of  this  kind,  but 
the  evidence  ia  very  imperfect 

Menschel*  has  recoided  a  case  in  which  twenty-four  persons  were  seized 
with  malignant  pustule,  the  nugority  after  eating  the  flesh  of  beasts  suffering 
from  the  disease,  the  others  from  direct  inoculation.  Those  who  ate  the  flesh 
were  attacked  in  three  or  tan  days ;  those  who  were  inoculated,  in  three  to 
six  days.  In  those  who  ate  the  flesh  the  carbuncle  appeared  in  two  cases  on 
the  upper  arm,  in  three  on  the  forearm,  in  nine  on  the  face  and  head.  The 
gangrenous  degeneration  r^idly  extended.  Five  died  of  the  twenty-four 
cases.  One  woman  ate  flesh  and  broth ;  another  ate  the  same  flesh,  but  threw 
away  the  broth.  The  first  was  attacked — the  second  had  only  diarrhoea* 
This  appears  to  be  the  most  satisfactory  case  on  record.  It  is  also  stated  that 
pigs  fed  on  the  flesh  got  the  disease^  and  that  a  woman  who  ate  some  of  the 
diseased  pork  was  also  attaeked. 

On  the  other  hand,  several  old  authors,  and  lately  Keffel,t  assert  that  the 
Kirghises  constantly  eat  horses  and  cattle  (either  killed  or  dying  spontaneously) 
affected  with  malignant  pustule  without  ii^ury. 

Parent-Duch&telet  (t  ii  p.  196)  quotes  a  ease  hem  Hamel  (1737),  in  which 
a  bull  infected  three  persons  who  aided  in  killing  it,  and  a  surgeon  who 
opened  one  of  the  tumours  of  a  person  affected ;  yet,  of  more  than  100  persons 
who  ate  the  flesh  roasted  and  boiled,  no  one  experienced  the  slightest  incon<> 
venience,  and  Parent  states  that  many  other  cases  are  known  in  Uterature. 

Parent-Duch&telet  and  Levy  (t  ii  p.  661)  quote  from  Morand^  (1766)  an 
instance  in  which  two  buUs  ^mmunicated  maUgnant  pustule  to  two  butchers 
by  inoculation,  yet  the  flesh  of  the  animals  was  eaten  at  the  ^'  Invalides  '^ 
without  injury.  But  both  these  instances  are  .of  old  date.  Pappenheim 
{Handb.  der  Sanitats-PoL,^  band  i  p.  587)  states  (without  giving  special 
instances)  that  there  are  many  cases  in  which  no  bad  effect  resulted  from  the 
cooked  flesh  of  charbon — ^that  the  peasants  of  Piosen  eat  such  meat  with 
perfect  indifference,  and  believe  it  is  harmless  when  boiled^ 

With  regard  especially  to  the  erysipelas  earbunculosum,  or  black-quarter,  as 
distinguished  from  malignant  pustule  (if  it  is  to  be  so  distinguished).  Professor 
Gamgee  ("Fifth  Eeport  of  Medical  officer  to  the  Privy  Councit"  p.  290) 
refers  to  cases  of  poisoning,  and  two  deaths  mentioned  to  him  by  Dr  Keith 
of  Aberdeen,  caused  by  eating  an  animal  affected  with  black-quarter.  He  also 
notices  an  instance  which  occurred  ".a  number  of  years  ago  in  Dumfriesshire," 
when  seventeen  persons  were  more  or  less  a£G9cted,  and  at  least  one  died, 
and  states  that  a  number  of  cases  have  been  related  to  him  by  different 
observers. 

The  discrepancy  of  evidence  is  so  great  as  to  lead  to  the  conclusion,  that 
the  stage  of  the  disease,  or  the  part  eaten,  or  the  mode  of  cooking  must  have 


*  Preuas.  Med.  Zeit  4th  Jane  1862,  and  CansUtt's  Jahresb.  1862,  band  U.  p.  257. 
t  CanatatVs  Jahiwb.  for  1860,  band  iL  p.  137. 
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^leat  inflnenoe,  and  that  a  mncli  more  caief  nl  stady  than  has  yet  been  given 
to  thia  subject  is  necessary  to  dear  up  these  great  yaiiations  of  statement 
.  (h)  Splenic  Apoplexy  or  Braxy  of  Sheep, — Professor  Simonds*  states  that 
pigs  and  dogs  died  in  a  few  hours  after  eating  the  flesh  of  sheep  dead  of 
biaxy.  Professor  Gamgee  ('^  Privy  Council  Eeport,''  1863,  p.  280)  affirms 
the  same  thing ;  but,  on  the  other  hand,  I  am  informed  by  my  friend  Dr 
MKxregor  that  dogs  eat  the  meat  with  perfect  impunity.  The  experiments  of 
Alfort  (Levy,  1  iL  p.  664)  have  also  shown  that  pigs,  dogs,  and  fowls  are  not 
incommoded  by  this  poison,  which  yet  acts  violently  when  swallowed  by 
sheep,  goatSy  or  homes.  So .  also  Dr  Smith  states,!  that  the  shepherds  in  the 
highlands  of  Scotland  eat  by  preference  braxy  sheep,  and  are  quite  healthy. 
Dr  McGregor  tells  me  that  ^e  flesh  of  braxy  sheep  is  never  cooked  until  it 
has  been  steeped  for  two  months  in  brine,  and  then  suspended  for  a  time  from 
the  kitchen  roof.  It  is  preferred  to  ordinary  salt  mutton,  because  it  has 
rather  a  flavonr  of  game. 

(t)  SmaU-pae  of  Sheep. — The  flesh  has  a  peculiar  nauseous  smell,  and  is 
pale  and  moist  It  produces  sickness  and  diarrhoea,  and  sometimes  febrile 
6ymptom& 

(f)  Foot-and-movih  Disease  {Aphtha  {or  Eczema)  epizoottca). — Levyt  states 
that  at  diffeiient  times  (1834,  1835,  183d)  the  aphthous  disease  has  prevailed 
among  cattle  both  at  Paris  and  Lyons,  without  the  sale  of  the  meat  being  in- 
terrupted or  giving  rise  to  bad  results.  The  Tpilk  of  cows  affected  with  foot- 
and-mouth  disease  has  been  supposed  to  cause  vesicular  aflection  of  the  mouth 
in  men.§  The  evidence  seems  to  me  very  uncertain.  The  discharges  from 
the  mouth  are  constantly  on  the  hands  of  the  farm-labourers,  who  are  not  veiy 
cleanly,  and  who  must  constantly  convey  them  to  their  own  mouths,  and  yet 
these  discharges,  so  infectious  to  other  cattle,  produce  no  efiect  on  them. 

(k)  Ccettle  Plagite  {Rinderpest^  Typhus  coniagiosus  of  the  French,) — A 
priori^  such  flesh  would  be  considerod  highly  dangerous,  and  the  Belgian 
Academy  of  Medicine  so  consider  it ;  but  there  is  some  strong  evidence  on 
the  other  sideu  In  Strasbourg  and  in  Paris,  in  1814,  many  of  the  beasts  eaten 
in  those  cities  for  several  months  had  rinderpest,  and  yet  no  ill  consequences 
were  tmced.  But  it  may  be  questioned  whether  they  were  looked  for  in  that 
careful  way  they  would  be  at  the  present  day.||  Some  other  evidence  is 
stronger  :  Eenault^  the  director  of  the  Veterinary  School  at  Alfort,  made  for 
several  years  after  1828  many  experiments,  and  asserts  that  there  is  no  danger 
from  the  cooked  flesh  of  cattle,  pigs,  or  sheep  dead  of  any  contagious  disease 
(quelle  que  soit  la  repugnance  bien  naturelle  que  puissent  inspirer  ces 
produits.'')1T  So  also  during  the  occurrence  of  the  rinderpest  in  England 
(1865),  large  quantities  of  the  meat  of  ^iTnAla  killed  in  all  stages  of  the 
disease  were  eaten  without  ill  eflecta.  In  Bohemia  also,  in  1863,  the  peasants 
dug  up  the  animals  dead  with  rinderpest,  and  ate  them  without  bad  results.** 

(/)  Babies  in  the  dog  and  oow  produces  no  bad  eflecta.  ft 
.    (m)  Diseases  in  the  pig,  like  scarlet  fever  and  pig-typhus,  have  prevailed 
lately  in  London,  and  the  flesh  has  been  eaten.    No  injury  has  been  proved.]:^ 

*  Agricultnnl  Journa],  No.  50,  p.  282.  t  Social  Science  Tmns.  for  1863,  p.  559. 

$  Traits  d'Hygi^ne,  1857,  t.  zi.  p.  6S3.  %J'^^-  ^^  ^®  ^P^^*  ^^'*  ^^^'  ^*  P*  ^^' 

Ij  Tbe  words  of  Cose  (Parent-Dnchfttelet,  t.  zL  p.  201)  am,  however,  very  strong.  At  Stras* 
boQiK  he  says — "  Un  millier  de  boeufs  de  grande  taiUe,  malades  pour  la  plupart  an  pins  haut 
degr6,  puiaqu'un  assez  grande  nombre  out  ^t^  ^goig^s  au  moment  ou  ils  allerent  expirer,  a  €X4 
oonaomm^,  pendant  et  aprte  le  blocus,  et  cet  aliment  n'a  produit  aucune  maladie." 

%  Payen,  Des  Snbetances  Alimentaires,  pp.  SO,  81. 

**  Evidence  of  Cattle  Pla^e  Commiasion,  question  997,  «nd  other  places. 

ft  Parent-Duch&telet,  t.  ii.  p.  197,  cites  a  case  of  seven  mad  oowa  oeing  sold  without  injury 
(o  those  who  ate  the  flesh. 

"XX  Letheby.  Cheia.  News,  Jan.  15, 1869. 
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(n)  The  Cfysiicereus  ceUtdoace  of  the  pig  produces  Tcenta  soUumf  and  that  of 
the  ox  and  cow  the  Tcerda  mediocaneUata,  These  entozoa  often  aruae  from 
eating  the  raw  meat,  but  neither  cooking  nor  salting  are  quite  presenratiYe, 
though  they  may  lessen  the  danger.  Smoking  appears  to  kill  the  Cysticerci, 
and  so,  according  to  Delpech,  does  a  temperature  of  212"*  Fahr.  T.  Lewis* 
found  that  a  much  lower  temperature  sufficed.  When  the  Cysticerci  had  been 
exposed  for  five  minutes  to  a  heat  of  130^  Fahr«,  he  could  detect  no  move* 
ments,  and  he  considers  that  a  temperature  of  from  135°  to  140°  for  five 
minutes  would  certainly  kill  them*  Lewis  considers  these  is  no  danger  if  the 
cooking  is  well  done,  as  the  temperature  of  well  done  meat  is  never  below 
150°. 

(o)  The  Trichina  vpiralia  in  the  pig  gives  rise  to  the  curious  Trichina  disease 
caused  by  the  wanderings  of  the  young  Trichinffi.  The  affection  is  highly 
febrile,  resembling  typhoid  or  even  typhus,,  or  acute  tuberculosis,,  but  att^td^ 
with  excessive  pains  in  the  limbs,  and  oedema.!  Boils  ate  aJso  sometimes 
caused.  The  eaiing  of  raw  tricMnif erous  pork  is  the  chief  cause,  and  the 
entozoon  is  not  easily  killed  by  cooking  or  salting..  A  temperatuse  of  144°  to 
155°  Fahr.  kills  the  free  Trichinae,  but  the  encapsuled  Trichinae  may  demand 
a  greater  heat  (Fiedler).  During  cooking,  a  temperature  which  will  coagulate 
the  albumen  (150°  te  155°  Fahr.)  renders  the  Trichinae  incapable  of  pnqpaga- 
tion,  or  destroys  them.  Aa  a  practical  rule,  it  may  be  said  that  if  the  interior 
of  a  piece  of  boiled  or  roasted  pork  retains  much  of  the  blood-red  colour  of 
uncooked  meat,  the  temperature  has  not  been  higher  than  131°  Fahr.,  and 
there  is  still  danger.  Litense  cold  and  complete  decomposition  of  the  meat  do 
not  destroy  the  Trichinee.  Hat  smoking,  when  thcvoughly  done,  does  destroy 
them  (Leuckart)  ;  but  the  common  kindJs  of  smoking,  when  the  heat  is  often 
low,  do  not  teuch  the  Trichinae  (KuchenmelBter)* 

(p)  The  Echinoeoccus  Disease, — It  is  well  known  thai  many  persons  wiU 
eat  freely  of,  and  even  prefer,  the  Kver  of  the  sheep  full  of  flukes.  I  am  not 
aware  that  in  this  country  direct  evidence  has  been  given  of  the  production 
of  disease  from  this  cause.  In  Iceland  the  Echinococcus  disease,,  which  afCects 
a  large  number  of  persons,  is  derived  from  sheep  and  cattle,,  who  in  their  turn 
get  the  disease  from  the  Taenia  of  the  dog  (Leaiied  and  Krabbe.) 

(q)  Glanders  and  farcy  in  horses  do  not  a{^)ear  te  produce  any  injnriouB 
effects  on  their  flesh  when  eaten  as  food.  Parent-Duch&telet  quotes  two 
instances,  in  one  of  which  300  glandered  horses  were  eaten  without  injury. 
("Hyg.  PubL,'*  t.  iL  194.  See  also  Levy,  t  il  pp.  661,  662.)  In  1870, 
during  the  siege  of  Paris,  large  quantities  of  flesh  £x)m  horses  with  farcy  and 
glanders  were  eaten  without  injury. 

(r)  Medicines,  especially  antimony,  |.  given  to  the  animals  in  large  quantities, 
have  sometimes  produced  vomiting  and  diarrhoea.  Arsenic,  also,  is  occasionally 
given,  and  the  flesh  may  contain  enough  arsenic  to  be  dangerous.§ 

In  time  of  peace  the  duty  of  the  army  surgeon  is  simple.  Under  the  terms 
of  the  contract,  all  sick  beaste  are  necessarily  excluded.     Without  ref erence. 


*  The  Bladder  Wonns  found  in  Beef  and  Pork,  by  T.  K  Lewis^  M.D.,  Caleutta,  1872. 

*)-  Aitken's  Practice  of  Medicine,  4th  edit.  vol.  i.  p.  857.  See  also  reports  on  Hygiene  by  the 
writer  in  the  Army  Medical  Report  for  1860, 18dl,  1862,  and  1863,  where  references  to  most 
of  the  early  cases  wiU  be  foind.  See  also  Dr  Thudidmm's  treatise  in  Mr  Simon's  Report  to 
the  Privy  Council,  1864. 

:t  See  a  well  marked  case  cited  by  Pavy  (''A  Treaties  on  Food  and  Dietetics."  2d  ed.  1875,  p.  160), 
as  quoted  by  Gamgee,  from  the  Centaid  Zeitung  fiir  die  gesammte  Veterinarmedinn  ftUr  1854, 
where  107  persons  were  attacked  after  eating  the  flesh  of  an  ox  which  had  been  treated  with 
tartar-emetic,  previous  to  being  slaughtered. 

§  Levy,  Traits  d'Hygidne,  t.  ii  p.  666 ;  reference  to  experiments  of  Danger,  Haudin^  and 
Chatin. 
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fheii,  to  any  ttncertain  qnestioiis  of  hurtfulness,  or  the  levene,  lie  must  object 
to  the  use  of  the  flesh  of  such  animala  This  is  the  safe  and  proper 
comae. 

Bat)  in  time  of  war,  he  may  be  placed  in  the  dilemma  of  allowing  such 
meat  to  be  used,  or  of  getting  none  at  alL  He  should  then  allow  the  issue  of 
the  meat  of  all  ftTiimftla^  ill  with  inflammatory  and  contagious  diseases,  with 
the  exception  of  smaU-poz,  and  perhaps  splenic  apoplexy  in  sheep.  But  it 
will  be  well  to  take  the  precautions — 1^,  Of  bleediiig  the  animals  as 
thoroughly  as  possible ;  2^,  Of  using  only  the  muscles,  and  not  the  organs,  as 
it  is  quite  possible  these  may  be  more  injurious  than  the  muscles,  though  there 
are  no  decided  facts  on  this  point ;  and^  3d,  Of  seeing  that  the  cooking  is 
thoroughly  done.  But  animals  with  small-pox,  Cysticerci,  and  Trichinse, 
should  not  be  used.  If  dire  necessity  compels  their  use,  then  the  employment 
of  a  great  heat  in  a  baker^s  oven  and  smoking,  if  it  can  be  used,  may  lessen 
the  danger.  If  such  things  can  be  got,  it  would  be  well  to  try  the  effect  on 
the  meat  of  antiseptics,  especially  of  carbolic  add,  which  destroys  low  animal 
life  with  great  certainty. 

SuB-SsonoN  rv. — Cooking  of  Meat. 

BcUiTig. — ^The  loss  of  weight  is  about  20  or  30  per  cent,  sometimes  as 
much  as  40.  If  it  is  wished  to  retain  as  much  as  posible  of  the  salts  and 
soluble  substances  in  the  meat,  the  piece  should  be  left  large,  and  should  be 
plunged  into  boiling  water  for  flye  minutes  to  coagulate  the  albumen.  After 
this  the  heat  can  scarcely  be  too  low*  The  temperature  of  coagulation  of  the 
albuminoid  substances  differs  in  the  different  constituents,  one  kind  of 
albumen  coagulates  at  as  low  a  heat  as  86°  if  the  muscle  serum  be  very  acid  ; 
another  albumen  coagulates  at  113"*  Fahr. ;  a  large  quantity  of  albumen 
ooagolates  at  167%  the  haematoglobulin  coagulates  at  158**  to  162'',  below 
which  temperature  the  meat  will  be  underdone.  If  the  temperature  is  kept 
aboTe  170*",  the  muscular  tissue  shrinks,  and  becomes  hard  and  indigestible. 
liebig  recommends  a  temperature  of  158"*  to  160^  Most  military  cooks 
employ  too  great  a  heat:  the  meat  is  shrunken  and  hard.  In  boiling, 
sulphhydrate  of  ammonium  is  evolved,  with  odoriferous  compounds,  and  an 
add  like  acetic  acid. 

If  it  is  desired  to  make  good  broth,  the  meat  is  cut  small,  and  put  into  cold 
water,  and  then  warmed  to  150"* ;  beef  gives  the  weakest  brotL  In  a  pint 
there  are  about  150  grains  of  oiganic  matter,  and  90  grains  of  salts.  Mutton 
broth  is  a  little  stronger,  and  chicken  broth  strongest  of  aU.  About  82  per 
cent  of  the  salts  of  beef  pass  into  the  broth,  viz.,  all  the  chlorides,  and  most 
of  the  phosphates. 

Broth  made  without  heat,  by  the  addition  of  four  drops  of  hydrochloric 
add  to  a  pint  of  water,  and  a  half  pound  of  beef  is  richer  in  soluble  albumen. 
Lactic  acid  and  chloride  of  potassium  added  together  have  the  same  effect 
If  rather  more  hydrochloric  acid  be  used,  but  no  salt,  heat  can  be  applied, 
and,  if  not  higher  than  130*"  Fahr.,  nearly  50  per  cent  of  the  meat  can  be 
obtained  in  the  broth. 

Bauting. — ^The  loss  varies  .from  20  to  35  per  cent ;  in  beef,  it  is  rather 
less  than  in  mutton  (Oesterlen).  This  loss  is  chiefly  water  ;  the  proportion 
of  carbon,  hydrogen,  nitrogen^  and  oxygen  remaining  the  same  (Playfair). 
Boasting  should  be  slowly  done  ;  to  retain  the  juices,  the  meat  must  be  first 
subjected  to  an  intense  heat,  and  afterwards  cooked  very  slowly  ;  the  dry 
distillation  forms  aromatic  products,  which  are  in  part  volatilized ;  the  fat  is 
in  part  melted,  and  flows  out  with  gelatine  and  tdtered  extractive  matters,. 
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The  fat  often,  improperly,  becomes  the  perquisite  of  the  cook,  and  may  be  lost 
to  the  soldier.     The  loss  in  baking  is  nearly  the  same,  or  a  little  less. 

'Stewing. — This  is  virtually  the  same  as  roasting,  only  the  meat  is  cut  up,  Ib 
continually  moistened  Tnth  its  own  juices,  and  is  often  mixed  with  yegetable& 
Like  boiling  and  roasting,  it  should  be  done  slowly  at  a  low  heat ;  the  loss 
then  is  about  20  per  cent,  and  chiefly  water. 

In  all  cases,  there  is  one  grand  rule,  viz.,  to  cook  the  meat  slowly,  and  with 
little  heat,  and,  as  far  as  possible,  to  let  the  loss  be  water  only.  The  fault 
in  military  kitchens  has  been,  that  excessive  heat  is  used.  I  have  frequently 
seen  the  water  boiling,  and  the  men  have  told  me  that,  in  order  to  boil  the 
vegetables,  and  yet  not  overdo  the  meat,  they  are  obliged  to  remove  the  meat 
for  a  time  from  the  water.  The  meat  is  then  often  a  sodden,  tasteless  mass, 
with  hard,  shrunken,  and  indigestible  fibres.  The  thermometer  will  be  found 
very  useful,  especially  in  showing  cooks  that  the  temperature  is  often  much 
higher  than  they  think.  In  the  cooking  of  salt  meat,  the  heat  should  be  very 
slowly  applied,  and  long  continued  ;  it  is  said  that  the  addition  of  a  little 
vinegar  softens  the  hard  sarcolemma,  and  it  is  certain  that  vinegar  is  an  agree- 
able condiment  to  take  with  salt  meat,  and  is  probably  veiy  useful  It  may 
be  of  importance  to  remember  this  in  time  of  war. 

In  cutting  up  meat,  there  is  a  loss  of  about  5  per  cent,  and  there  is  also  a 
loss  from  bone,  so  that,  all  deductions  being  made,  the  soldier  does  not  get 
more  than  5  or  6  ounces  of  cooked  meat  out  of  12  ounces. 

The  large  quantity  of  flesh  extract  contained  in  the  brine  can  be  obtained 
by  dialysis.  Place  the  filtered  brine  in  a  bladder  or  vessel  of  the  prepared 
dialysis  parchment,  and  place  it  in  a  large  vessel  with  water ;  the  salt  diffuses 
out,  leaving,  in  three  or  four  days,  the  extract  behind  ;  from  two  gallons  of 
brine  a  fluid  was  obtained,  which,  on  evaporation,  yielded  1  lb  of  extract 
(Whitelaw,  Chemical  News,  March  1864.)  The  liquid  left  in  the  dialyser 
may  be  mixed  with  flour,  and  then  forms  a  nutritious  meat-biscuit  (Whitelaw). 
Instead  of  pure  water  in  the  outer  vessel,  salt  water  may  be  at  first  used. 
An  air-bladder  will  do  as  a  dialyser  if  the  parchment  cannot  be  obtained. 

Sub-Sbotion  V. — ^Pbbssrvation  op  Mbat. 

Meat  may  be  kept  for  some  time  by  simply  heating  the  outside  very 
strongly,  so  as  to  coagulate  the  albumen ;  or  by  placing  it  in  a  close  vessel,  in 
which  sulphur  is  burnt,  or  by  covering  the  surface  with  charcoal,  or  strong 
acetic  acid,  or  calcium  bisulphite,  or  weak  carbolic  acid.  Injections  of  alum 
and  aluminium  chloride  through  the  vessels  will  preserve  it  for  a  long  time  ; 
water  should  be  injected  first,  and  then  the  solution.  Even  common  salt  in- 
jected in  the  same  way  will  keep  it  for  some  time.  So  also  will  free  exposure 
to  pure  air  ;  charcoal  thrown  over  it,  and  suspended  also  in  the  air  ;  or  the 
meat  being  cut  into  smaller  portions,  and  placed  in  a  large  vessel,  heat  should 
be  applied,  and,  while  hot,  the  mouth  of  the  vessel  should  be  closed  tightly, 
with  well  washed  and  dried  cotton-wool ;  the  air  is  filtered,  and  partially  freed 
from  germs.     The  application  of  sugar  to  the  surface  is  also  a  good  plan.* 

Plans  of  this  kind  may  be  useful  to  medical  officers  under  two  circmn-' 
stances,  viz.,  on  board  ship,  and  in  sieges,  when  it  is  of  importance 
to  preserve  every  portion  of  food  as  long  as  possible.  The  covering  the  whole 
surface  with  powdered  charcoal  is  perhaps  as  convenient  as  any  plan.  A  coat- 
ing  of  paraffin^  and  many  other  plans  of  excluding  air,  are  also  used. 

*  Cold  is  a  great  preiierTatiTe  of  meat ;  in  ice  it  can  be  preserved  for  an  unlimited  period,  bat 
appears  to  decompose  very  rapidly  in  thawing.  The  fresh  meat  now  imported  so  largely  froin 
America  is  kept  at  a  temperature  above  the  freezing  point ;  about  88'F.  T 
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Meat  is  also  pieserved  in  tin  cases,  either  simply  by  the  complete  exclusion 
of  air  (Appert's  process),  or  by  partly  excluding  air,  and  destroying  the  oxygen 
of  the  remaining  part  by  sulphite  of  soda  (M'Call's  process).  It  is  not 
necessary  to  raise  tiie  heat  so  high  in  this  case,  and  the  meat  is  less  sapid. 
Meat  prepared  in  either  way  has,  it  is  said,  given  rise  to  diarrhoea,  but  this  is 
simply  from  bad  preparation  :  when  well  manufactured  it  has  not  this  effect. 
(See  also  chapter  on  Gongbntbatbd  Food.) 

Meat  is  also  preserved  by  drawing  ofif  the  air  from  the  case,  and  substituting 
nitrogen  and  a  little  sulphurous  acid  (Jones  and  Trevithick's  patent),  or  the 
air  can  be  heated  to  400**  or  500"*,  so  as  to  kill  all  germs  (Pasteur),  and  then 
allowed  to  flow  into  an  exhausted  flask.* 

SECTION  n. 

WHEAT. 

Advantages  as  an  Article  of  Diet. — It  is  poor  in  water  and  rich  in  solids, 
therefore  very  nutritious  in  small  bulk  ;  when  the  two  outer  coats  are 
separated,  the  whole  grain  is  digestible.  The  nitrogenous  substances  are  large 
and  varied,!  consisting  of  soluble  albumen  (1  to  2  per  cent)  and  gluten  (8  to 
12  per  cent),  which  itself  consists  of  four  substances,  which  are  named  by 
£itthausen,t  gluten-^^asein,  gliadin  (or  vegetable  gelatine  or  glutin),  gluten- 
fibrin,  and  mucedin.§    The  starchy  substances  (starch,  dextrin,  sugar)  are 

*  Thoae  who  wish  to  see  a  good  account  of  the  different  patents  for  the  preservation  of  ment 
and  other  foods,  should  refer  to  Dr  Letheby's  Cantor  Lectures  on  Food,  delivered  before  the 
8od6|hr  of  Arts  in  1800.    2d  edition,  1872. 

t  This  reaches  14  to  16  per  cent,  especially  in  the  hard  wheats  of  Italy  and  Sicily,  which  are 
used  for  macaroni  (Letheby). 

X  Die  Eiweisskorper  der  Getreidearten,  yon  Dr  H.  Bitthausen,  1872. 

§  These  are  the  substances  found  by  Ritthausen.  The  older  writers  use  rather  different 
terma.  According  to  Ritthausen  (op,  cU.  p.  81,  et  seq. )  gluten^casein  is  insoluble  in  cold  spirit ; 
it  was  formeriy  called  vegetable  fiorin,  but  was  not  obtained  pure ;  it  forms  from  26  to  31  '4 
per  cent,  of  d^  gluten.  Gliadin,  gluten-fibrin,  and  mucedin,  are  soluble  in  spirit,  and  form 
from  34  to  42  of  the  gluten ;  fat  forms  fh)m  5  to  6,  and  bran  and  starch  make  up  firom  16  to 
]S  per  eent. ;  there  is  a  huge  remainder  of  loss. 

Th€  Composition  of  the  substances  is  (Ritthausen,  p.  68)— 

Casein.  Gliadin.  Hacedln.  Fibrin. 

Carbon,              26-94  6276  64*11  64-31 

Hydrogen,            7-04  7*10  6-90  7-18 

Nitrogen,           1714  1801  16-68  1689 

Oxygen,              21*92  21*37  21*48  2061 

Sulphur,                 -96  -86  -88  1-01 

The  amonnt  of  nitrM;en  in  the  flour  increases  tolerably  regularly  with  the  gluten.  A  portion 
of  a  table  given  by  Ritthauwn  (Die  Eiweisskdrper,  p.  16)  will  show  the  amount  of  mtrogen 
when  the  gluten  has  been  determined. 

Weight  of  dry  gluten       Nitrogen  Weight  of  gluten  Nitrogen 

percent.  percent.  percent.  percent. 

9-11  1-60 

9-64  1*62  12*33  2*04 

10*65  1*66  12*33  2*05 

8*62  1-68  12-64  216 

8-86  1*71 

11*27  ■   1-76  14-80  2-43 

16-66  2-68 

10-41  1-78  13 -85  2-64 

12*46  1-98  14-88  2*66 

1110  1*94 


12*18  203 


18*07  .   2-68 

17<K)  2*75 


The  increase  is  not  perfectly  regular,  but  is  sufficient  to  prove  the  relation. 
The  mean  amount  of  mtrogen  in  the  dry  gluten  itself  is  18*64,  and  it  varies  &om  12*64  tci 
16*26  per  cent    (RitUuiusen,  op,  cit,  p.  16). 
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large,  60  to  70  per  cent,  and  are  easily  digested  ;  and,  according  to  M^e- 
Mouri^  a  nitrogenous  substance  (cerealin)  is  contained  in  the  internal 
envelope,  which,  like  diastase,  acts  energetically  in  transforming  starch  into 
dextrin,  sugar,  and  lactic  acid.  Some  consider  this  cerealin  to  be  merely  a 
form  of  diastflise.  Cholestrine  is  found  in  wheats  but  in  very  small  quantity 
(Eitthausen).     The  salts  are  chiefly  phosphates  of  potash  and  magnesia. 

Disadvantages, — It  is  deficient  in  fat,  and  in  vegetable  salts  which  may 
form  carbonates  in  the  system. 

As  usually  prepared,  the  grain  is  separated  into  flour  and  bran  ;  the  mean 
being  80  parts  of  flour,  16  of  bran,  and  4  of  lo6&  The  flour  is  itself  divided 
intoT  best  or  superfine,  seconds  or  middlings,  pollards  or  thirds  or  bran  flour. 
In  different  districts  different  names  are  used.  The  wheats  of  commerce  are 
named  from  colour  or  consistence  (hard  or  soft) ;  the  hard  wheat  contains  less 
water,  less  starch,  and  more  gluten  than  the  soft  wheat 

Sub-Sbotion  L — ^Whbat  Grains 

The  medical  officer  will  seldom  be  called  on  to  examine  wheat  grains,  but 
if  so,  the  following  pointe  should  be  attended  to.  The  grains  should  be  well 
filled  out,  of  not  too  dark  a  colour  ;  the  furrow  should  not  be  too  deep ;  there 
should  be  no  smell,  no  discoloration,  and  no  evidence  of  insects  or  fungL  The 
heavier  the  weight  the  better.  In  the  Belgian  army  the  miuimum  weight  is 
77  kilogrammes  the  hectolitre.*  In  England,  good  wheat  weighs  60  lb  to  the 
bushel ;  light  wheat  58  lb  or  even  50  lb.  The  fungi,  if  present^  will 
be  found  at  the  rooto  of  the  hairs,  and  if  in  small  amount,  are  only  micro- 
scopic If  in  large  amount  they  cause  the  diseases  known  by  the  name  of 
rust,  bunt  or  smut,  or  dust  brand  ;  they  are  owing  to  species  of  Uredo  and 
Puccinia.  (See  FLomuf)  If  any  grains  are  seen  pierced  with  a  hole,  and  on 
examination  are  found  to  be  a  mere  shell,  with  sJl  the  starch  gone,  this  is 
owing  to  the  weevil,  and  the  little  insect  can  itself  be  found  readily  enough 
if  a  handful  of  wheat  be  taken  and  spread  over  a  large  plate.  The  weevil 
can  hardly  escape  being  seen.  (See  figs.  40  and  41,  p.  229.)  The  Acarus 
farincB  (see  p.  229)  may  also  prey  on  the  wheat  grain,  but  cannot  be  seen 
without  a  microscope. 

Sub-Sbotion  H — ^FlouilJ 

3 

Almost  all  the  bran  is  separated  from  the  finest  flour ;  it  has  been  a  question 
whether  this  is  desirable,  as  the  bran  contains  nitrogenous  matter — as  much 
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*  Squillier,  Des  Subsist  Mil.  p.  87. 

t  Toe  brand  cf  wheat  and  other  cereals  is  owing  to  the  XJredo  or  Puccinia,  the  spedes  being 
sUophilwn  or  segetum.    Bye,  maize,  millet,  &c.,  appear  to  have  their  own  species. 

X  The  following,  after  Peligot  (mean  of  14  analyses),  may  be  taken  as  the  mean  composition 
of  flour.  The  analyses  of  Yon  Bibra  (Die  Getreidearten  und  das  Brod,  1860)  agree  very  doeely 
with  it 

Wheat  Flour  and  Bran,  In  100  parts. 

Flour.       Bran. 

Water,  14  108 

Fatty  matters 1*2  2*82 

Nitrogenous  substances  insoluble  in  water  (irluten),         12*8  10*84 

Nitro^nous  substances  soluble  in  water  (albumen),  1*8  1*64 

Non-mtrogenoufl  soluble  substances  (dextrin,  sugar),         7*2  5*8 

Starch,  59*7  22*62 

Cellulose, 17  48*98S 

Salts, 1-6  2*62 

9  This  Ib  however  the  oellnlose  of  the  entire  grshi,  both  of  the  hnak  and  the  interior  of  the  grain.  Pol- 
ash,  phosphoric  acid,  and  magnesia  are  the  principal  ingredients  of  the  salts;  the  earthy  phosphates  are 
especially  combined,  and  in  definite  proporttons,  with  the  albuminates  (HayerX  and  also  the  gnmmy  matter 
(Bibra).  The  alkaline  phosphates  are  free.  The  bran  contiUns  much  sUica.  Ondemaas  places  the  oeUolose 
lower  (Sff  to  80  per  cent),  and  the  salts  higher  (4  to  6  per  cent). 
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Bomefdnies  as  15  per  cent,  with  3*5  per  cent  of  fat,  and  5*7  per  cent  of  salts. 
But  if  the  brani  is  used,  it  seems  probable  that  much  is  left  undigested,  and 
all  the  nutriment  which  is  contained  in  it  is  not  extracted.  A  plan  has  been 
employed  bj  M^ge-Mouri^  which  seems  to  save  all  the  most  valuable  parts 
of  j  the  bran ;  the  two  or  three  outer  and  highly  siliceous  envelopes  of  the 
wheat  are  detached,  and  the  fourth  or  internal  envelope  is  left  Several 
plans  of  decorticating  wheat  have  been  proposed,  but  none  of  them  at  present 
have  superseded  the  old  system  of  grinding. 

If  the  whole  wheat  is  used,  it  should  be  ground  very  fine,  as  the  harder 
envelopes  are  very  irritating,  and  it  is  well  to  remember  that  for  sick  persons 
with  any  bowel  complaints  bread  must  be  used  entirely  without  bran.  I  have 
found  dysenteries  most  intractable  merely  from  attention  not  being  directed 
to  this  simple  point 

Examination  of  Flour  for  Quality  and  AduUeration, 

Flour  should  be  examined  physically,  microscopically,  chemically,  and 
practically  by  making  bread. 

The  quality  is  best  determined  by  chemical  examination ;  adulterations  by 
the  microscope. 

Phynccd  Examination, 

Sight. — ^The  starch  should  be  quite  white,  or  with  the  very  slightest  tinge 
of  yellow  ;  any  decided  yellow  indicates  commencing  changes  ;  the  amount  of 
bran  should  not  be  great 

Touch, — ^There  should  be  no  lumps,  or,  if  there  are,  they  should  at  once 
break  down  on  slight  pressure  ;  there  must  be  no  grittiness,  which  shows  that 
the  starch  grains  are  changing,  and  adhering  too  strongly  to  each  other,  and 
will  give  an  acid  bread,  lliere  should,  however,  be  a  certain  amount  of 
adhesion  when  a  handful  of  flour  is  compressed,  and  if  thrown  against  a  wall 
or  board  some  of  the  flour  should  adhere.  Whan  made  into  a  paste  with 
water,  the  dough  must  be  coherent^  and  draw  out  easily  into  strings. 

TaMe. — ^The  taste  must  not  be  acid,  though  the  best  flour  is  slightly  acid  to 
test-paper.  An  acid  taste,  showing  lactic  or  acetic  acids,  is  sure  to  give  an 
acid  bread. 

SmelL — ^There  must  be  no  smell  of  fermentation  or  mouldiness. 

Age  of  flour  is  shown  by  colour,  grittiness,  and  acidity. 

Chemical  Examination, 

It  is  seldom  that  a  medical  officer  will  be  able  to  go  through  a  complete 
examination,  but  he  should  always  determine  the  following  points  : — 

1.  Amount  of  Water, — ^Weigh  1  gramme,  spread  it  out  on  a  dish,  and  dry 
either  by  a  water  bath  or  in  a  hot-air  bath  or  oven,  the  temperature  not  being 
allowed  to  go  above  200^  The  flour  must  not  be  at  sdl  burnt  or  much 
darkened  in  colour.  Weigh  directly  the  flour  is  cold;  the  loss  is  the 
percentage  of  water. 

The  range  of  water  is  from  10  (in  the  best  dried  flours)  to  18  in  the  worst 
The  more  water  the  greater  liability  of  change  in  the  flour,  and,  of  course,  the 
less  is  the  amount  of  nutriment  purchased  in  a  given  weight  H,  then,  the 
water  be  over  18  per  cent,  the  flour  should  be  rejected ;  if  over  16,  it  should 
be  unfavourably  spoken  of. 

2.  Am^mnt  of  Gluten. — ^Weigh  10  grammes  (or  100  grains,  if  there  are  no 
gramme  weights),  and  mix,  by  means  of  a  glass  rod,  with  a  little  water,  so  as 
to  make  a  well-mixed  dough;  let  it  stand  for  quarter  of  an  hour  in  an 
evaporating  dish ;  then  pour  a  little  water  on  it ;  work  it  about  with  the  rod,. 
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and  carefully  wajBh  off  tlie  starch ;  pour  off  from  time  to  time  the  starcli  wateu 
into  another  vessel  After  a  time,  the  gluten  becomes  so  coherent,  that  it 
may  be  taken  in  the  fingers  and  worked  about  in  water,  the  water  being  from- 
time  to  time  poured  off  till  it  comes  off  quite  colourless.  If  there  is  not  time 
to  dry  the  gluten,  then  weigh ;  the  dry  gluten  is  rather  more  than  one>third 
the  weight  of  the  moist;  1  to  2*9  is  the  usual  proportion;  therefore  divide 
the  weight  of  the  moist  gluten  by  2*9.  If  the^  be  time,  dry  the  gluten 
thoroughly,  and  weigh  it  This  is  best  done  by  spreading  it  oat  on  a  crucible 
lid  and  drying  it  in  the  bath.  The  dry  gluten  ranges  from  8  to  12  per  cent. ; 
flour  should  be  rejected  in  which  it  falls  below  8.  If  there  is  much  bran,  it 
often  apparently  increases  the  amount  of  gluten  by  adhering  to  it^  and  should 
be  separated  if  possible  ;  in  fact,  the  gluten,  as  tiius  obtained,  is  never  pure, 
but  always  contains  some  bran,  starch,  and  fat.  The  gluten  should  be  able 
to  be  drawn  out  into  long  threads  ;  the  more  extensible  it  is  the  better.  It 
is  always  well  to  make  two  determinations  of  gluten,  especially  if  there  is  any 
disputed  question  of  quality.* 

3.  Amount  of  Ash. — ^Take  10  grammes,!  put  into  a  porcelain  or  platinum 
crucible,  and  incinerate  to  white  ash.  Weigh-  The  ash  should  not  be  more 
than  2  per  cent,  or  probably  some  mineral  substances  have  been  added ;  it 
should  not  be  less  than  *8,  or  the  flour  is  too  poor  in  salts. 

The  incineration  of  the  flour  requires  a  crucible  and  gas.  It  is  difficult  to 
do  it  over  a  spirit  lamp,  as  it  takes  a  long  time.  A  smedl  charcoal  fire  is  pro- 
bably the  best  plan  when  gas  appliances  are  wanting. 

If  the  ash  be  more  than  2  per  cent,  add  hydrochloric  acid,  and  see  if  therer 
be  effervescence  (magnesium  or  calcium  carbonate).  Dissolve,  and  test  with 
oxalate  of  ammonium,  and  then  for  nu^esia,  in  the  same  way  as  in  water. 
As  flour  contains  both  lime  and  magnesia,  to  prove  adulteration,  the  precise 
amQunt  of  lime  and  magnesia  must  be  determined  by  weighing  the  incinerated 
calcium  oxalate,  or  the  magnesium  pyrophosphate. 

If  there  is  no  effervescence,  add  water,  and  test  for  sulphuric  acid  and  lime, 
to  see  if  calcium  sulphate  (plaster  of  Paris)  has  been  added  In  normal  flour 
the  amount  of  sulphuric  acid  is  very  smalL 

Notice,  also,  if  the  ash  be  red  (from  iron).  If  day  has  been  added,  it  will 
be  left  undissolved  by  acids  and  water. 

If  magnesium  carbonate  has  been  added,  the  ash  is  light,  and  porous  and 
bulky  (Hassall). 

An  easy  mode  of  detecting  large  quantities  of  added  mineral  substances  is 
given  by  Eedtenbacher  ;  the  flour  is  strongly  shaken  with  chloroform  ;  the 
flour  floats,  while  all  foreign  mineral  substances  falL  This  is  a  very  useful 
test  I 

If  the  water  be  small,  the  gluten  large,  and  the  salts  in  good  quantity,  the 
flour  is  good,  supposing  nothing  is  detected  on  microscopical  examination. 
But  in  all  cases  it  is  well,  if  time  can  be  spared,  to  have  a  loaf  mada 

Practical  Test  by  Baking* — ^Make  a  loaf,  and  see  if  it  is  acid  when  finesh, 
and  how  soon  it  becomes  so ;  if  the  colour  is  good,  and  the  rising  satisfactoij* 

*  Mr.  Wanklyn  han  proixMwd  to  ntilise  the  albuminoid  ammonia  process  for  determining 
gluten,  reckoning  that  100  parts  of  flour  yield  1*2  of  ammonia. 

t  If  only  a  small  crucible  be  employed  a  smaller  quantity  should  be  taken,  as  It  is  difficult 
to  incinerate  ;  with  a  moderately  good  balance,  2  or  3  grammes  may  be  used. 

X  The  remaining  ingredients  can  be  determined,  if  necessary,  m>m  the  starch  water,  but  it 
is  seldom  necessary  to  do  so.  Allow  the  starch  to  subside,  pour  off  the  fluid,  and  wash  the 
starch  by  decantation,  then  dry  and  weigh  ;  take  all  the  water  and  washings,  evaporate  to  a 
small  bulk,  add  a  little  nitric  acid,  and  boil ;  albumen  is  thrown  down  ;  collect,  wash,  and 
weigh.  Evaporate  the  whole  of  the  remainder  to  dryness,  and  weigh  (mized  dextrine  and 
■ugar). 
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Old  and  dunging  floor  does  not  liee  well,  givee  a  yellowisli  colour  to  tht 
bread,  and  speedily  becomes  acid.  Excess  of  acidity  can  be  detected  by 
holding  a  piece  of  bread  in  the  mouth  for  some  time,  as  well  as  by  test- 
paper. 

Ted /or  Ergot. — There  is  no  very  good  test  for  ergot  when  it  is  ground  up 
with  the  flour.  Laneau's  plan  is  to  make  a  paste  with  a  weak  alkaline  eolu* 
tion  ;  to  add  dilut«  nitric  acid  to  slight  excess,  and  then  alkali  to  neutralisa- 
tion ;  a  violet-red  colour  is  said  to  be  given  if  ergot  is  present,  which  becomes 
Toay-i^d  when  more  nitric  acid  is  added,  and  violet  when  alkdi  is  added. 

Wittetein  consideis  this  method  imperfect,  and  prefers  trusting  to  tbe 
peculiar  odour  of  propylamine  (herring-like  smell),  developed  by  liquor  potassie 
in  ergoted  flour.     I  have  no  experience  of  this  point 

MicroBCopical  Examinaticm. 

This  ia  especially  directed  to  determine  the  relative  amount  of  flour  and 

bran,  the  preeenee  of  fungi  or  acari,  or  the  fact  of  adulteration  by  other  grains. 

Slruclure  of  the   Wheat  Grain,* — It  is  necessary  to  refer  briefly  to  the 


'    Fig.  30.— Transveraa  Section  ufEnvslopes  of  Wheat    Scale  lOOOtb  of  ■□  iDck 

structure    of   the  grain   of  wheat,  as  this,   of  course,  must  be 
understood. 
There  are  four  envelopes  (some  authors  make  three,  others  five 


Fig.  31.-  'Envelopes  of  Wheat  (longitadinal  eectioB).    Scale  lOOOth  of  an  inch. 

outer  coat  being  divided  into  two  or  three),  surrounding  a  fine  and  very  loose 
areolar  tissue  of  ceUulose  filled  with  starch  grains. 
Envelopea  of  Wh^ai. — The  drawings  show  the  coate  in  situ,  cut  transversely 

ly  othsr  cereal  gnlna.  it  la  necsssirf  to  prepare  them  beforp- 

_,   „  _.. 8  in  water.     It  will  then  be  found  easy  to  demonstrate  the 

difhreiit  atnicturei.  By  meana  of  s  needle  and  ■  pair  of  flue  foroeps  the  different  coata  can  ha 
rtmoTed  teriatin,  (ometimee  qaito  mparalely,  but  generally  mora  of  leas  in  combination. 
The  ontr  one  that  prasenta  any  difScultv  Is  the  third  coat  of  wheat  or  barley,  bat  generally  it 
eu  be  raood  accompanying  the  second  or  fourth  costs.  In  the  cau  of  liarley,  the  proper 
external  enTelope  of  tbe  grain  aometimee  adhertu  to  the  interior  of  tbe  hnsk,  when  it  onglit 
to  be  looked  for  In  the  event  of  ita  not  being  on  the  surfaoe  of  the  grain  itaelf.  After  eiamln- 
iig  the  separata  coats,  seetiani  may  be  made  of  the  whole  gtain,  ao  aa  to  aee  the  structures  ia 
nw.  The  liain  are  generally  found  in  a  hunch  at  the  end  of  the  grtiin.  The  etarch  grains 
an  best  demoiutratea  by  picking  ont  a  little  tern  the  centre  of  the  grahl :  mixed  glycerins 
■nd  water  fOim  the  beat  mediBm  tat  dnsoiietraUon. 


and  longitudmally,  also  the  separate  coats.  Ths  outer  coat  is  nude  up  of  two 
or  thi«e  layera  of  long  oella,  with  slightly  beaded  walla,  nmning  in  the  direo- 
tion  of  the  axia  of  the  grain.     The  septa  are  straight  or  oblique,  and,  as  will 


Fig.  82.— OatmOiwtiiidBalnofWbeit    ScahlOOthotKnlooh. 

be  seen,  the  cells  differ  in  length  and  breadth.  The  aize  can  be  taken  by  the 
scala  The  hairs  are  attached  to  this  coat,  and  are  prolongations,  in  fact,  of 
the  cells.  In  the  finest  flour  the  hairs  and  bits  of  this  coat  (as  well  of  the 
other  coats)  can  be  found. 


Fl^.  38.— Oatci  Coat  ud  Bain  of  Wheat    Sole  lOOOth  of  tn  inch. 

The  second  coat,  counting  from  without,  is  composed  of  a  layer  of  shorter 
cells,  more  regular  in  size,  with  slightly  rounded  ends  and  beaded  walls,  and 
lying  at  right  angles  to  the  first  coat,  or  across  the  aids  of  the  grain.  It  ia 
impossible  to  misUke  it.  The  third  coat  is  a  delicate  diaphanous,  almost 
hyaline  membrane,  so  fine  that  its  existence  was  formerly  doubted.  Dr 
Maddox,  however,  has  distinctly  shown  it  to  have  faint  lines  crossing  each 
other  diagonally  as  seen  in  the  drawing,  which  may  be  cells.  With  a  little  care, 
it  is  very  easily  demonstrated.  In  t£e  transverse  section  of  the  envelope  it 
appears  as  a  thin  white  line.     Internal,  again,  to  this  coat  what  appears  to  be 
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another  coat  can  someliineB  be  made  eat ;  it  is  a  Tsry  fine  membTane,  marked 
with  widely  Beparated  curred  lines,  which  look  like  the  outlines  of  lai^  round 
or  oval  cellfi.     The  interaal  or  fourth  coat,  as  it  is  usoally  called,  is  composed 


Fig.  34.~3econd  tad  Third  Earelopei  of  Wheat    Scila  1000th  of  an  inch. 

of  one  or  two  layers  (in  placee)  of  rounded  or  siiuariah  cells  filled  with  a  dark 
sabstaooe  which  can  be  emptied  from  the  cells.  When  the  cells  are  empty, 
tiny  have  a  remote  resemblance  to  the  areolar  tissue  of  the  legominoeffi,  and 


Fig.  86.— FrasU  Statdi-niiias  of  Wheat  (moiataDDd 

there  is  little  doubt  that  from  this  cause  adulteration  with  pea  or  bean  has 
been  aometimee  improperly  asserted. 

The  Starch  Orains  of  wheat  are  very  variable  in  size,  the  smallest  being 
almost  mere  points,  the  largest  jT^ni''^  °'  ^^  ^*^^  ^  diameter  or  larger.  In 
shape  the  smallest  are  round ;   the  largest  round,  oval,  oi  lenticular.     It  ho^ 


been  well  noticed  by  Haasall  that  there  is  often  a  singular  want  of  inter- 
mediate-sized grains.  The  hilum,  when  it  can  be  seen,  ia  central,  the  con- 
centric lines  are  perceived  with  difficulty,  and  only  in  a  small  number ;    the 


Fig.  37— Dried  and  then  moistened  SUrch-gr»mj  of  Wheal.    Scale  lOOOlh  of  an  inch. 


edge  of  the  grain  is  sometimes  turned  over  so  as  to  cause  the  appearance  of  a 
slight  furrow  or  line  along  the  grain.  Very  weak  liquor  potaasie  causes  little 
sweUings ;   strong  liquor  potaasie  bulges  them  out,  and  eventually  destroys 


Fig.  38.— Di«*s«d  Plonr  (Paccinia). 

them.    There  ie  no  difficulty  in  seeing  if  the  pieces  of  envelopes  are  too 
numerous,  but  it  should  bo  remembered  the  best  flour  contains  some. 

Dieeanei  of  Floar. 

Fungi.  —Several  fungi  are  found  in  wheat-flour.  The  most  common  fungus 
is  a  species  of  Fuccinia.  It  ia  easily  recognised  by  its  round  dark  sporangia, 
which  are  either  contoured  with  a  double  line,  or  are  covered  with  little  pro- 
jections. It  is  said  not  to  be  injurious  by  some,  but  this  is  very  doubtful. 
The  symptoms  have  not  been  well  described. 

The  smut,  or  caries,  is  also  a  species  of  Pacoinia ;  has  large  sporulea,  and 
^vee  a  disagreeable  smell  to  the  flour,  and  a  bluish  colour  to  the  bread.  It 
ia  said  to  produce  diarrhtea. 

Acarue. — The  Acanu  farituE  ia  by  no  means  uncommon  in  inferior  flour, 
especially  ii  it  is  damp.  It  does  not  necessarily  indicate  that  l^uminous  seeds 
are  present,  as  stated.  It  is  no  doubt  introduced  from  the  grain  in  the  mill, 
as  I  have  found  it  adhering  to  the  grain  itself.  It  is  at  once  lecogniaed. 
Portions  of  the  skin  are  also  sometimes  found. 

YibrioTies. — These  form  for  the  most  part  in  flour  which  has  gone  to 
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oxtKme  decomposition,  and  which  is  moiat  and  becoming  diacolonred.     They 
cannot  be  mistaken. 


Flg.39.—Atanu  /arinaix  SS  diameten).— Ifites  found  in  flour  alive.  In  the  largest 
figiii«i,  the  inaeeta  are  conndersblr  compreaaed,  to  show  the  powerful  mandibles,  and  have 
eacb  a  Tcntral  aapect.  In  the  smalleet  and  middle-sized  inaect,  we  hare  drawn  the  dorsal 
rupect ;  the  former  onl;  poaaeHCa  six  li^  sa  before  the  Drat  monlt ;  several  ore  lie  sosttered 
in  the  field  of  view.  It  ia  unknown  what  office  the  capaular  orgsna  fulflt.  They  arc  welt  «een 
«  I  each  aide  of  the  laiftert  figure. 

The  presence  of  .Acaii  alwaya  shows  that  the  fionr  is  beginning  to  change. 
A  single  acaros  may  occasionaJly  be  found  in  good  flour,  but  even  one  should 
be  looked  on  with  suspicion,  and  the  flour  should  be  afterwards  frequently    - 
L'XBmined  to  see  if  they  are  increasing. 


^M. 


WeevU-Batn.-al  si 


Fig.  41.-Wee>il.    Magnified  12 

WeevU  (Calandra  granaria). — The  weevil  is  of  ^course  at  o 
is  by  no  means  so  common  in  flour  as  in  com. 
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S^ahesHa. — The  larva  of  the  moth,  vhich  feeds  on  cocoa  {Ephedia  dutella), 
has  Bometimea  caused  great  ravagm  in  fiour  and  in  biscuite.  At  Cork  and 
Gibnltar  man;  tona  of  biscuit  have  been  Tendered  useless  by  thia  larva,  which 
appeats  to  have  been  introduced  from  the  cocoa  stored  for  the  fleet* 

AduUeraiiom  of  Wheat-Flour. 

At  present  there  is  very  httle  adulteration  of  vheat-flour  in  this  country, 
but  with  rising  prices  the  case  may  be  different.  Abroad,  adulteration  is  pro- 
bably moie  common,  and  the  medical  officer  musl;  Iw  prepared  to  investigate 
the  point 

llw  chief  adulterations  are  by  the  flour  of  other  gisins,  viz.  : — 

Barley,        Bice, 
Potato,        Buckwheat, 
Beans  and   Millet, 

peas,         Linseed, 
Maize,  Melampy- 

Oat,  rum. 

Bye,  Lolium, 

and  other  grains  noticed  farther  on. 
All  these  are  heet  detected  by  the 
ttticroecope. 

Other  adultCTations  are  by  mineial 
substances,  viz. : — 

Alum,        I  Povdered  flint, 
Gypsum,       Calcium  and  magne- 
OIe^,  I      sium  carbonate. 

These  ate  beet  detected  by  chemi- 
Fig.  i2.-BBiley-Longltadinri  Beetion.  *f  examination.    (For  the  detection 

I  Seal*  iatlM  tame  IS  that  of  the  staich-gr^ni.     of  alum,  see  the  chapter  on  Bbxad.) 

Detection  of  Barley. — This  is  not  easy,  but  can,  with  care,  be  often  done. 

The  envet<^>es  of  harley  are  the  same  in  number  as  those  of  wheat,  but  they 
are  more  delicate.  The  outer  coat  has  ttuee  layers  of  cells  ;  the  walls  of  the 
external  layer  are  beautifully  waved,  but  not  beaded ;  the  cells  are  smaller 
than  those  of  the  outer  coat  of  wheat  The  second  coat,  disposed  of  at  r^ht 
angles  to  the  first,  as  in  wheat,  is  like  the  second  coat  of  wheat,  except  in 
being  more  delicate  and  not  beaded  The  third  is  hyaline  and  transparent, 
as  in  wheat  The  fourth  has  the  cells  similar  in  shape  to  the  corresponding 
wheat  coat,  but  they  are  very  much  smaller,  as  may  be  seen  on  reference  to 
the  scale,  and  there  are  two,  or  often  three,  layers. 

The  starch  gratne  of  barley  are  very  like  the  wheat,  with  a  central  hilum 

*  FrafeHarHmlef  htu  kindl;  given  me  some  intenattDg  details.  The  larva  of  the  EphetHa 
eluUUa  (or  "  chcx»late  moth  ")  i<  small,  and  is  oever  more  than  liilF  an  inch  long.  The 
femate  moths  fly  at  night  in  swarms,  and  lay  thsir  eggs  on  the  biscaita  or  the  poneheona  vhich 
hold  them.  The  larvn  are  aoou  hatched,  and  by  msana  of  atrong  Java  sod  active  lep  acrapa 
and  bore  their  way  throDgh  crevieea ;  they  eat  the  biacuit,  aod  spoil  mora  than  they  eat  by 
ipinaing  their  webs  over  the  biscuit    Cocoa  stores  swarm  with  the  moths  and  Utvk,  and  they 

._.... , ._  _.  „  .J  a    „  Hereales." 

ansed  by  thesa  larvn  in  the  biacuit  at  Oibnltar,  Mr 

10  cocoa  stored  in  any  place  in  which  biscuits  are  manufactured. 

2.  To  head  up  aUbiacnit  puncheons  as  soon  as  thay  are  foil  of  the  ttvohly-baksd  biscuit 

3.  Coat  puncheons  with  tar  after  they  are  headed  np,  or  at  least  work  lime  wash  well  into 
all  the  joints  and  crevices. 

4.  Line  the  bnad-rooma  of  ships  with  tin,  so  that  if  the  Ephertia  has  got  into  a  puncheon 
it  may  not  get  into  thereat  of  the  ship. 

6.  If  other  means  tail,  expose  woodwork  of  ptucheons  to  a  heat  of  S00°  Fahr.  for  two  honn. 
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md  obBcnn  wmflringj  bnt  are  on  the  wbole  smaller ;  some  have  thickened 
^dgBB,  instead  of  the  thin  edges  of  the  wheat-starch  grain,  bat  it  is  veiy 


Outer  Coal  oTBarley  (higher  power). 


difficult,  and  sometimes  impossible  to  distinguiBb  them.     It   ia   tberefore 
especially  to  the  envelopes  that  we  most  attend. 


Fig.  46.— Barle;  (wcood  uid  third  ctate). 

Detection  of  Potato  Starch. — This  is  a  matter  of  no  difSculty  ;  the  starch 
grains,  instead  of  being  round  or  oval,  and  with  a  central  hilum  and  obecuie 


i-ingB,  are  p;rifonu,  with  an  eccentric  hilum  placed  at  the  Bmaller  end,  and 
with  well-marked    concentric    rings.     Weak    liquor  potaesae    (1    drop    of 


6    G 
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Fig.  *6.— Barluj  (fourth  oo«t). 


Fig.  47.— Bartsy  (8l«reh-ffrailis). 


pharmacopceiBl  liq.  pot  to  10  of  vat«r)  swells  them  out  greatly  after  a  time, 
while  wheat-starch  ie  Uttle  aSected  by  thie  strongth  ;  if  the  strength  is  1  to  3 
(b8  in  the  figure),  the  sweUiug  is  very  rapid. 


Fig.  tS.— Uedi1lm*lldf■ma]l-B!IedPotBloItaTch■ 
g^aillS,  trsated  with  Liq.  Pot.  Ph.  Lond.  One- 
thinl  part  and  x  286. 

Deleetion  of  Matze  (Indian  Com).— There  are  two  envelopes  ;  the  outer 
b^ng  made  up  of  seven  or  eight  strata  of  cells  ;  there  is  no  traosreise  second 
coat,  as  in  wheat ;  the  iutemal  coat  consists  of  a  single  stratum  of  cells  like 
the  iFourth  of  wheat,  but  less  regular  in  shape  and  aiz&  The  cellulose,  through 
the  seed  holding  the  etarch  in  its  meshes,  forms  a  very  characteristic  atrnctuie^ 
which  on  section  looks  hke  a  pavement  made  of  triangular  or  square  pieces  ; 
the  cells  are  filled  with  the  starcb^iains,  which  are  very  small,  and 
compressed,  so  as  to  have  facets.  They  are  very  different  from  the  smooth, 
uncompressed  round  cells  of  wheat 
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Bits  of  celluloee,  with  its  peculiar  angular  maikings,  are  always  found  if  tlie 
-n-heat  is  adulterated  with  mBize. 


CelloIoMof  Indiim  Corn  x  600,  with  m 
ines  from  th«  sUrch-gnuDS  an  tlie  h 
cellulu  meoibmna. 


Fig.  G1-— LongltDdlDalKctionofCofttaofliidiBQCornuidCellnloM  x  100. 

Deteetion  of  Bean  and  Pea. — These  adulteiations  are  also  at  once  disoovered; 
the  meshes  of  oelluloee  ore  very  much  larger  than  those  of  the  fourth  coat  of 
wheat,  with  which  it  hsa  sometimes  been  confounded,  and  the  atKrch-^iaius 
are  also  quite  different ;  they  are  oteJ  or  renifonn,  or  with  one  end  slightly 
laner ;  they  have  no  clear  hilum  or  rings,  but  many  haTs  a,  deep  central  longi- 
tadinal  d^  running  in  the  longer  axis,  and  occupying  two-thirds  or  thr^ 
fourths  of  the  length,  but  never  reaching  completely  to  the  end  ;  this  cleft  is 
sometimea  a  line,  sometimes  almost  a  chasm,  and  occasionally  secondary  clefts 


abut  upon  it  at  parts  of  its  course  ;  Bometimea,  instead  of  a  cleft,  there  ia  an 
irregnlar-shaped  depression.     If  a  little  liquor  potoaste  be  added,  tbe  cellulose 


% 


PiR.  64- 

is  seen  more  clearly.  Fea  floor  is  never  added  to  a  greater  extent  than  4  per 
cent.,  as  it  makes  the  bread  heavy  and  dark.  If  the  flour  be  mixed  with  a 
little  boiling  water,  the  smell  of  tJie  pea  or  bean  is  perceptible.* 


Fig.  S8.~Pei  FloDf. 

Detedion  of  0<i^— There  are  two  or  three  envelopes ;  the  onter  longitndinal 

oolls ;  the  seoond  obliquely  transverse,  and  not  very  clearly  seen ;  the  cells  are 


le  brown,  a  few  diopi  u(  ammonia  are  put  m  tha  capsule,  and  left  to  apontanaoiu  emponi- 
tion.  A  beantiftil  red  colour  ronna  abont  tbe  centre  of  tlie  flour  where  the  action  of  the  nibic 
acid  ha>  been  neither  too  itrong  nor  too  feeble.    A  lens  will  pick  ont  at  onoe  tbe  red  points  of 


Ji  fftui  to  gmiij  Id 


u  Tilne.— SquUUer,  La  a*tfUI.  mi.  p.  M. 
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vauLing  In  partfi,  oi  pass  into  the  celle  of  the  third  coat ;   the  third  a  layer, 
oaoally  single,  of  cella  like  wheat.     The  hoak  must  be  detached  before  the 


fig.  54.— Whita  Oit— Long.  Beet,  Zd  iDd  Sd'cmts  nut  npmble.    a  CompoDnd  graini  x  100, 
6  One  do-  jc  600, 

envelopes  are  looked  for.     The  ataich-ceUs  are  small,  many-aided,  and  cohere 
into  composite  round  bodies,  which  are  very  characteristic,  and  which  can  be 
broken  down  into  the  separate  grains 
by  presBure.     A  high  power  is  the 
best  for  this.     The  oat  starch  does    yjn 
not  polarise   light      There   is   no  ^& 
difficulty  in  the  detection  of  the 
■torch  grain&  n 

DeUetion  of  Rice. — The  husk  of  ^ 
rice  is  veiy  pecuUai ;  on  the  outer  "T 
coat  are  numerous  siliceous  granules,  ^ 
arranged  in  longitudinal  and  trans-  ^^ 
T«rse  ridges  (figs.  56  and  67)  (a),  /y^ 
There  are  numerous  hairs,  some  of  Q 
which  are  seated  over  stomata.  Be-  'j  fp. 
low  this  is  a  membrane  of  transverse 
and  longitudinal  rough-edged  hbres     cv. 

(6  e),  while  below  these  again  is  a  fine     *^  ->     >*        v       ~i~, 

membrane  of  transverse  angular  cells  ^    *  o  ^^ 

(d),  covering  a  very  delicate  mem-  -^^c 

braiie  of  kige  cells.   The  starch  cor-  '       „.'   „    "1       7^^~—  '       .,.         ' 
pa«I..  are  yfflj  mjl,  (fig.   66) :  ''«■  M-0"»'i K» K«r x  8i0 , 

angular  under  lovr  powers ;  under  high  powers  they  are  seen  to  be  facetted  and 
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compressed.  They  cannot  be  mistaken  for  the  round  celle  of  wheat,  but  may 
be  confounded  with  oat  etarch,  from  which,  however,  they  are  distinguiehed 
by  the  absence  of  the  compound  cells  or  glomeruli.  Their  shape  is  also  a 
little  lilte  maize,  but  they  are  very  much  en^er. 


Fig.  M.—Riw  K  170.  ■    '■         Fig.  67.— Etioex 

Fig.  GS.  TruuvBTH  wction  of  ths  Hoik  of  Rice, 


Fig,  67.  Appe«t»iim  of  Husk  m  Been  is  « tr»rsi»rent  medinm  of  glycerine  Wlilgnm, )        ' 
a,  UilicMua  gnuoles,  tmngcd  In  loiigitDiliiial  tnd  banivaraa  ridgM,  pvrfontal  bj  opcningB — 
atoiuata,  aome  having  hftin  MatMt  over  them,    b  c,  TmuTene  and  longltDdinal,  toitue,  rongh- 
eilged  fibrea.    d,  A  Baa  membiuie  of  transTene  (mgnlar  cells ;  tbese  overlis  ■  rery  deliole 
nierabrine  of  !«igB  cells  e. 

DeteeiioK  of  Rye. — The  envelopee  are  very  like  those  of  wheat,  and  can 
l<erhapB  be  haidly  distinguished.     The  reoent  starch  grains  are  also  extremely 
like  those  of  wheat,  but  the  older  and  drier  grairiB 
have  Bometimes  a  peculiar  rayed  hilum.     I  have 
I  seen  this,  however,  in  very  old  wheat,  but  never 
I  to  the  same  extent  as  in  rye. 

Bye,    if   in   any  quantity,  is  discovered   by 
baking ;  it  makes  a  dark,  acid  bread. 

Linked  is  not  a   common    adulterant      The 
fii;^>'l   '"'^■^  envelopee  are  peculiar:  the  external  is  made  up 

L  /^^  ^'^P^  °^  bezf^onal  cells,  oontoining  oil ;   the  second  of 

^      "^  '^'^   ^^  round  cells;  the  third  of  fibres:  and  the  fourth 

of  angular  cells,  containing  a  dark  reddish  colour- 
ing matter. 

Bttehehtai  {Polygonum  FE^pyrom,  or  Fago- 
Fia.  68.— Rye-attrah,  with  raved  pyrum  esculentmn). — Like  rye,  this  is  only  likely 

The  drawing  BufGciently  shows  the  texture  of  the  envelopes,  which  is  very 
complicated.  The  starch-gtains  are  small  and  round,  and  adhere  together  in 
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masaes.      Under  a  high  power  there  are  indicationa  of  concentric  rings. 
Bread  made  with  this  grain  has  a  darkiab,  somewhat  violet,  colour. 


Fig.  59. — Rft— 1.  ^«nsvcTM  MctlonofTcaU,  be,  xIOS  ;  2.  Coato'n  ritu  from  without,  > 
'  a,  Giturnal ;  b,  Middle,;  e,  Intenutl  ci»t ;  d,  Storch-graiiu,  x  103. 


Rg.  SO.  -Oater  eo>t  of  Bnckwhent.  np- 

CaUy  of  iTTegiil>r  and  interlaclD^; 
«piral  cells,  asparable  by  boilio'^ 
tbe  teata  and  maceisCiag  It.  Outaide 
th«ac  call!  ii  ■  vary  thin  aod  dalioU 
mcmbruia.  retaining  ths  mariu  of  at- 
tachment of  ths  apinl  c«lU,  x  170. 


Internil  cnata.  Hie  moat  internal  ia  coi 
poaed  of  call*  with  an  iirapilar  wav. 
(inttina,  and  loiucitudinal  cells  ovar  t 
■taiuh-oella  x  170. 


Millet.  —In  India,  Egypt,  China,  and  West  Coast  of  Africa,  millet  of  some 
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kind  is  likely  to  be  an  ftdnlteration.  Dr  Maddoi'a  drawing  (page  239)  ahows 
the  beautiful  structure  of  tke  envelopes,  which  could  not  be  confounded  with 
tboae  of  wheat.  The  atarch-^rains  ore  very  small,  round,  and  tolerably 
uniform  in  size. 


Melampyntm  arvemie  and  other  species  (Purple  cow-wheat — Scrophn- 
lariacece). — This  has  occasionally  been  mixed  with  flour ;  it  is  not  iqjuTioua, 
but  gives  the  bread  (not  the  flour)  a  peculiar  smoky  violet  or  bluish-violet 
tint  This  depends  on  a  colouring  matter  in  the  seed,  which,  when  warmed 
with  acid,  gives  the  violet  colour.* 

Trifulium  arvense  (TrefoQ — Leguminosa). — This  also  gives  the  bread  a  red 
violet  colour.     It  is  not  known  to  be  injurious. 

Ehinanthug  major  and  criita-gcdli  (Yellow-rattle — Serophulariaeea)  givee 
bread  a  bluish-black  colour,  a  moist  sticky  feel,  and  a  disagreeable  sweet  taste. 
It  is  not  injurious.     OniArrychit  sativa  (Sainfoin- — Le^minosa)  has  also  been 

Loliumtemtdenium  (B,j0-giasB — Qraminece,  Other  species  may  be  used.) — 
This  gives  the  bread  no  colour,  but  produces  narcotic  symptoms,  vertigo, 
hallucinations,  delirium,  convulsions,  and  paralysis,  t     Fellischek  stetee  that 

•  PelliBchefa,  achmidt's  Jabrb.  ISflS,  No.  3,  p.  287, 

t  The  peculiar  gym  ptoma  produced  by  tbe  Zofi'um  fnnWcnJum,  or  beuded  Dimel,  were  well 
kaown  to  the  ucienU.  PeraiTB  sttl«a  thst  the  first  aymptouw  an  gaatro-idtcetiniQ.  sach  M 
vomitiii^  and  coliCj  and  theu  cerebro-Bpinal  BTinptoma  come  on,  vi^.^  headache,  giddiDMi, 
tinnitus,  confiuion  of  light,  diluted  pupils,  deliriuni,  trenibliog,  and  paralysji  (Elemeota  of 
MateriBHedica,1850,voLii.  p.  977).  The  asms  effects  are  produced  nn  atdmaii.  P«niraBtates 
tbn.t  he  did  not  succeed  in  obtaining  the  chemical  Met  noted  above,  viz.,  the  neen  alcoholic 
solution  and  the  yellow  n»in  on  eTaporation.  Hasul!  flaures  the  srlareh-arains  of  the  lolium 
IS  ginall  and  something  tike  rice ;  ftflj  or  siity  may  adhere  together  bM  torm  a  compoani 
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these  sfiuptomB  do  not  occur  if  the  gnun  be  dried  in  an  oven  before  bakin^^ 
or  if  the  bread  is  left  for  some  days  before  being  used.     The  detection  of  the 


lollam  ifi  best  effected  by  means  of  alcohol,  which  ^vee  a  greenish  solution 
with  a  disagreeable  repulsive  taste,  and  on  evaporation  a  resinous  yellow-green 
disagreeable  extract  is  left  Pure  flour  ^vea  with  alcohol  only  &  clean  straw- 
coloured  solution,  with  an  agreeable  taste  (Fellischek). 

Bromtii  or  Serrafalau  (Brome-grasa — Oraminea  ;  different  species — 
Arventu  or  Seealinat). — Fellischek  states  that  the  seeds  of  this  plant  give  the 
bread  a  dark  colour,  and  make  it  indigestible.  It  is  probably  a  most  nncom- 
luon  adulteration. 

It  will  be  found  that  when  mixed  with  flour,  the  microscope  will  detect 

grain  not  very  unlike  the  o>t.  The  enTelopw  sra  tolerably  diatinctire  ;  ths  cells  of  the  outer 
roat  an  nude  up  o(  ■  liiifle  layer,  uid  are  diaposed  tnnsveraelj  Initead  of  longitudinally. 
The  wcond  coat  la  in  two  lafsn,  and  the  celli  have  a  vertical  arranRement.  The  third  coat 
ia  like  the  innctcoat  of  wheat.  This  account  is  taken  front  HassalL  I  have  not  examined  this 
gimin  nyaeir. 

It  ia  not  fery  likely  that  any  other  grains  except  thoae  mentioned  in  the  text  will  be  miieil 
with  wheat  flonr.  Tie  seeds  or  the  FWnrian  food,  the  Chaiopodium  ^idnoa  have  not  to  my 
kDowledge  been  and  u  a  falsification.  The  starch-grain  of  the  Qninoa  are  said  to  be  the 
■malleat  Waown.  It  may  be  worth  remarking  that  this  seed  is  very  rich  in  salts  (2 '4  per  cent), 
and  particularly  so  in  iron  f'76  per  cent.) ;  Indeed  it  la,  1  baliere,  the  richect  in  iron  of  any 
veKFtable.  It  is  poaaible  that  it  inlt;ht  be  a  usefal  food  in  some  cases  of  iUaest.  It  ia  blrly 
UDtritiona  and  dii^tible. 

The  atarch-graine  of  the  acorn,  which  might  perhapa  be  added  in  timaa  of  great  scarcity. 
would  be  immediately  detected,  aa  they  have  a  very  characteristic  central  deprt^asion,  and  are 
alan  qnite  different  in  shape  rroin  the  tlat,  round,  smooth  starch-cella  of  the  wheat  and  barley. 

The  microscope  alone  vml  seldom  be  able  to  recognise  idded  mineral  matlera,  because  thai« 
are  not  io  very  larKS  quantity,  and  even  in  the  beat  Boar  aooie  amall  araonnt  of  mineral  sub- 
■tiDcea,  derived  either  from  the  outer  coats  or  (torn  the  mill,  can  be  seen.  The  addition  of 
mineral  matters  is  beat  determined  cbemically,  but  if  it  la  attempted  with  the  microscope,  ttu 
ginten  stionld  be  aepanted  first ;  the  starch  should  then  be  well  miied  with  water,  and  then 
kllowed  to  anbolde  m  a  conical  vessel.  In  the  lower  part  of  the^ewel  the  mineral  matters  will 
b*  foimd  in  greatest  amount.  If  a  little  iodine  be  added  to  diatinguiah  the  starch-cells,  the 
tnienaeope  may  then  recognlae  perhaps  an  nnnsiul  quantitv  of  round  or  perhapa  angnlar 
partids*.  If  th^  are  hone  or  chalk,  acetic  add  will  dissolve  tliem ;  If  clay,  the  aoid  will  not 
aDeet  tbsm  ;  or  ue  sediment,  when  chlorotonn  i*  mixed  wltb  fionr,  ma;  b«  examined. 


240  FOOD. 

readily  many  of  these  substances.  Detection  is  often  very  difficult  when  the 
iiouT  is  made  into  bread,  and  therefore,  whenever  from  the  bread  there  is  any 
cause  of  suspicion,  means  should  be  taken  to  obtain  some  of  the  flour. 

Cones  flour, — ^A  flour  obtained  from  Eevet  wheat  is  used  by  bakers  for 
dusting  their  troughs.  Hassall  has  found  this  Cones  flour  to  be  greatly 
adulterated  with  rice,*  maize,  beans,  rye,  and  barley.  Sometimes  Cones  flour 
is  mixed  with  good  flour.     All  these  impurities  have  been  already  described. 

GooMiig  of  Flour. 

The  effect  of  heat  is  to  coagulate  the  albumen,  and  to  transform  some  of 
the  starch  into  dextrin.  Substances  are  also  added  to  the  bread  to  cause  a 
further  transformation  of  the  starch. 

Cakes, — The  unfermented  cakesf  are  simply  made  with  water  and  salt  As 
they  are  very  readily  made,  are  agreeable  to  taste,  and  nutritious,  it  is  very 
desirable  to  teach  every  soldier  to  make  them  ;  so  that  in  war,  when  bread  is 
not  procurable,  he  may  not  be  confined  altogether  to  biscuit  The  Australian 
"  damper  "  is  simply  made  by  digging  a  hole  in  the  ground,  filling  it  with  a 
wood  fire,  and,  when  the  fire  has  thoroughly  burnt  up,  removing  it,  placing 
the  dough  on  a  large  stone,  covering  it  with  a  tin  plate,  and  heaping  the  hot 
ashes  round  and  over  it  In  a  campaign,  every  soldier,  if  he  could  get  flour 
and  wood,  would  soon  learn  to  bake  a  cake  for  himself.  The  only  point  of 
manipulation  which  requires  practice  is  not  to  have  the  heat  too  great  \  if  it 
be  above  212*"  too  much  of  the  starch  is  changed  into  dextrin,  and  the  cake 
is  tough.  Exposed  to  greater  heat,  and  well  dried,  the  unfermented  cakes 
become  biscuit 

Maccaroni  is  flour  from  a  hard  Italian  grain,  moistened  with  water,  and 
pressed  through  a  number  of  smaU  openings,  while  at  the  same  time  heat  is 
applied.  As  it  is  very  nutritious  in  small  bulk,  and  keeps  well,  it  would  be 
a  good  food  for  soldiers  in  war  if  its  cost  could  be  lessened. 

Sub-Skction  III. — ^BlSOUIT.J 

To  make  biscuit,  flour  is  often  taken  with  little  or  no  bran  (on  account  of 
the  hygroscopic  properties  of  bran)  \  but  bran  is  also  sometimes  used ;  no  salt 
is  added.  The  simplest  biscuits  are  merely  flour  and  water.  Some  biscuits 
are  made  with  milk,  eggs,  &c 

Choice  of  BicuU. — Biscuit  should  be  well  baked,  but  not  burnt ;  of  a  light 
yellow  colour,  and  should  float  in  water ;  when  struck,  it  should  give  a  ring- 
ing sound ;  and  a  piece  put  into  the  mouth  should  thoroughly  soften  down. 
It  should  be  free  ^m  weevils,  which  are  easily  seen*  (See  page  230  for  a 
notice  of  the  Ephestia.) 

Advantages  as  a  Diet, — ^As  it  contains  little  water,  and,  bulk  for  bulk,  is 
more  nutritious  than  bread,  three-fourths  of  a  pound  are  usually  taken 
to  equal  1  lb  of  bread.     Its  bulk  is  small,  and  it  is  easily  transported. 

Disadvantages, — Like  flour,  it  is  deficient  in  fat  After  a  time,  it  seems 
difficult  of  digestion.  Perhaps  the  want  of  variety  is  objectionable  ;  but  cer- 
tain it  is,  that  men  do  not  thrive  well  upon  it  for  long  periods.     In  war,  it 

*  Several  samples  I  have  examined  oonialned  nothing  but  rice.    This  is  sometimes  sold  as 
"Rice Cones."     (F.  de  C.) 
t  The  Chupatty  of  India. 
X  Ck)mpo8ition  of  Biacait : — 


Water,       .        .        .        .        8  to  12 
Nitrogenous  substances,  16 

Dextrin 8*8 


Sugar,        ....  1<9 

Fat,  ....  1-3 

Starch,  .        .        .       72  to  76 


BREAD, 


S4l 


lias  always  been  a  rule  with  the  best  English  army  surgeons,  for  more  than  a 
century,  to  issue  bread  as  much  as  possible,  and  to  use  biscuit  only  in  cases 
where  it  cannot  be  avoided. 


SuB-SsoTiON  rV. — ^Bbbsad.* 

If  carbonic  acid  gas  is  any  way  formed  in  or  forced  into  the  interior  of 
dough,  so  as  to  divide  the  dough  into  a  number  of  little  cavities,  bread  is 
made. 

There  are  three  kinds  of  bread  : — 

1.  Carbonic  acid  is  disengaged  by  a  fermentative  process,  caused  by  yeast 
or  leaven.  During  the  baking  a  certain  amount  of  performed  sugar  yields 
carbonic  acid ;  a  portion  of  starch  is  converted  into  dextrin  and  sugar,  and 
also  yields  carbonic  acid ;  a  little  lactic  and  butjric  acids,  and  extractive 
matters  are  formed.  It  is  of  importance  to  prevent  this  change  from  going 
too  far ;  and  herein  is  one  of  the  arts  of  the  baker ;  and  it  is  partly  to 
prevent  this  that  alum  is  added,  which  has  the  property  of  arresting  the 
change. 

In  making  bread,  the  proportions  are  20  9^  of  flour;  8  to  12  &>  of  tepid 
water ;  4  oz.  of  yeast,  to  which  a  little  potato  is  added,  and  1^  to  2  oz.  of  salt ; 
280  fb  of  flour  (1  sack)  wiU  give  from  90  to  105  4-Ib  loaves ;  or  100  B)  of  flour 
will  make  from  129  to  150  S)  of  bread  If  there  is  14  per  cent,  of  water  in 
the  flour,  the  bread  wiU  contain  in  the  former  case  33 '1  per  cent.,  and  in  the 
latter,  42-7  per  cent  If  100  lb  of  flour  contain  14  per  cent  of  water,  and 
make  141^  &>  of  bread,  the  bread  will  contain  40  per  cent  of  water;  the 
baker  always  endeavours  to  combine  as  much  water  as  he  can  so  as  to  get  more 
loaves.  6^  &>  of  dough  yield  6  fi>  of  bread.  Machines  are  now  generally 
used  for  mixing  the  dough  (Stevens'  Machine). 

2.  Carbonic  acid  is  disengaged  by  mixing  sodium  or  ammonium  carbonate 
with  the  dough,  and  adding  hydrochloric,  tartaric,  phosphoric,  or  citric  acids. 
Baking  powders  are  compounds  of  these  substancea 

3.  Carbonic  acid  is  forced  through  the  dough  by  pressure  (Dauglish's  patent 
aerated  bread).  This  process  has  the  great  advantage  of  rendering  it  impossible 
that  the  conversion  of  starch  into  dextrin,  sugar,  and  lactic  acid  shall  go  too 
far.  About  20  cubic  feet  of  carbonic  acid  (derived  from  chalk  and  sulphuric 
acid),  are  used  for  280  fi>  of  flour;  and  about  11  cubic  feet  are  actually 
incorporated  with  the  flour  (Odling). 

Advantages  of  Breacl  as  an  Article  of  Diet, 
It  is  hardly  necessary  to  mention  these.     The  great  amount  of  nitrogenous 

*  Cumpoeition  of  Bread : — 


• 

Water. 

Nitrogenous 
SnbsUuioefl. 

Fat 

Starches,  &c. 

English  Baker's  Bread : — 

Mazimura  nntriment,  . 

Minimum  nutriment,  . 
French  Commissariat : — 

Old  formula, 

New  formula, 
Austrian  Commissariat,    . 

88 

44 

41 
85 
45-60 

8-67 
6-98 

72 

7-9 
6*2 

1'5 

1 

1-6 
1-5 
1-4 

56-93 
48-07 

47 

62-6 

46 

The  nitrogen  in  100  parts  of  dij  bread,  in  eleven  different  armies  (examined  by  Poggiale), 
▼aried  At>m  2*26  per  cent.  (French)  to  1*12  per  cent.  (Prussian).  In  the  usual  English  military 
hospital  bread  it  is  from  '9  to  1*2  per  cent  of  the  uiidried  bread,  or  1*7  per  cent,  or  dried  bread. 
Aocx>niing  to  Beichenbach,  the  crust  contains  a  substance  (assamar),  -which  has  an  influence  in 
xetarding  tissue  metamorphosis. 
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matters  and  starcli  it  shares  witli  flour ;  the  nitrogenous  substance  is  to  the 
carboniferous  as  1  to  6*3  (Forbes  Watson,  Odling).  It  therefore  requires 
more  nitrogen  for  a  perfect  food.  The  process  of  baking  renders  it  more 
digestible  than  flour.  "No  satiety  attends  its  use,  although  it  may  be  always 
made  in  the  same  way ;  this  is  probably  owing  to  the  great  variety  of  its 
components. 

Disadvantages, — It  is  poor  in  fat  and  some  salts,  especially  in  the  case  of 
the  finest  flour  freed  from  the  internal  envelope.  Therefore  we  see  that  the 
practice  of  using  fat  with  it  (butter  for  the  rich,  fat  bacon  for  the  poor  man) 
is  extremely  common.  As  te  the  relative  advantages  of  the  three  methods  of 
making  bread,  the  last  (aeration  by  carbonic  acid)  ib  said  te  have  the  advantage 
of  maUng  white  bread,  though  the  inner  envelopes  are  left ;  of  not  causing 
any  loss  of  starch,  or  permitting  the  change  to  go  too  fax ;  of  not  containing 
any  unwholesome  yeast  The  system  of  making  bread  with  yeast  has  been 
objected  to  on  the  ground  that  bad  yeast  is  often  used ;  the  fermentative  changes 
go  on  in  the  stomach,  much  carbonic  acid  gas  is  disengaged,  and  dyspepsia, 
flatulence,  and  xmpleasant  sensations,  such  as  heart-bum,  are  produced. 
There  is  no  doubt  that  badly  prepared  bread  gives  rise  to  these  symptoms, 
though  whether  this  is  owing  to  bad  yeast  is,  I  think,  uncertain.  The  second 
method  yields  a  wholesome  bread,  but  is  too  expensive  for  common  use,  and 
it  has  also  been  pointed  out  that  the  hydrochloric  acid  of  commerce  always 
contdns  arsenic.  The  amount  would  be  too  small  to  be  hurtful,  but  might 
be  of  medico-legal  consequence. 

Special  points  about  Making  of  Bread, 

Bread  may  be  of  bad  colour — rather  yellowish,  from  old  flour  ]  from  grown 
flour  (in  which  case  the  changes  in  the  starch  have  generally  gone  on  to  a 
considerable  extent,  and  the  bread  conteins  more  sugar  than  usual,  and  does 
not  rise  well),  and  perhaps  from  bad  yeast.  The  colour  given  by  admixture 
of  bran  must  not  be  confounded  with  yellowness  of  this  kind. 

Bread  is  also  dark  coloured  from  admixture  of  other  grains,  as  already 
noticed  under  flour  (rye,  buckwheat,  melampyrum,  sainfoin,  &c.)  Bread  may 
be  acid,  from  bad  flour  giving  rise  to  an  excess  of  lactic  and  perhaps  acetic 
acids,  or,  it  is  said,  from  bad  yeast  In  finding  the  cause  of  acidity  in  bread, 
look  first  to  the  flour,  which  may  be  old,  and  a  little  discoloured,  and  too 
acid  ;  if  nothing  can  be  made  out,  examine  the  yeast,  and  change  the  source 
of  supply  'y  then  look  to  the  vessels  in  which  the  dough  is  kneaded,  and  to 
the  water.  Enforce  great  cleanliness  on  the  part  of  the  men  who  make  up 
the  dough.  In  India  bread  becomes  sour  from  bad  cleaning  of  the  flour,  Dr 
Godwin,  RA.,*  states  that  at  Bareilly  the  wheat  was  imperfectly  ground  in 
small  hand-mills ;  it  was  then  separated  by  shifting  into  four  portions,  viz., 
bran  ^  "  attar,"  which  corresponds  to  pollards ;  "  soojie,"  which  consists  of 
gluten  and  starch ;  and  '^  maida,"  which  is  nearly  all  starch.  The  soojie,  from 
imperfect  grinding,  is  granulated,  and  chiefly  used  for  bread,  a  small  portion 
only  of  maida  being  mixed  with  it  To  cleanse  the  wheat  before  grinding  it, 
it  was  washed  aiid  then  dried  in  heaps  in  the  sun ;  this  caused  fermentetion 
and  a  rapid  development  of  acidity.  The  heaps  of  com  were  quite  hot  to  the 
f  eeL  A.  very  acid  bread  was  given,  but  when  the  wheat  was  not  thus  washed 
it  yielded  a  good  bread. 

Bread  is  heavy  and  sodden  from  bad  yeast  fermenting  too  rapidly,  or  when 
the  fermentetion  has  not  taken  place  (cold  weather,  bad  water,  or  some  other 
cause,  will  sometimes  hinder  it),  or  when  the  wheat  is  grown ;  when  too  little 

*  Army  Medical  Report,  voL  vii.  p.  451, 
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or  too  mnch  heat  has  been  employed.  It  is  said,  also,  that  if  the  flour  has 
been  dried  at  too  great  a  heat  (above  200''),  the  gluten  is  altered,  and  the 
bread  does  not  rise  welL     It  is  bitter  from  bitter  yeast 

It  becomes  mouldy  rapidly  when  it  contains  an  excess  of  water. 

Eice  is  used  as  an  addition  because  it  is  cheaper ;  it  retains  water,  and 
therefore  the  bread  is  heavier.  Eice  bread  (if  25  per  cent,  of  rice  be  added) 
is  heavier,  of  closer  texture,  and  less  filled  with  cavities.  Potatoes  are  some- 
times added,  but  are  generally  used  only  in  small  quantity  with  the  yeast 

Alum  is  added  to  stop  an  excess  of  fermentation,  when  the  altering  gluten 
or  cerealin  acts  too  much  on  the  starch,  and  it  also  whitens  the  bread ;  it  does 
not  increase  the  amount  of  water ;  it  enables  bread  to  be  made  from  flour 
which  otherwise  could  not  be  used.  Sulphates  of  copper  and  of  zinc,  in  very 
small  amount,  are  sometimes  employed  for  the  same  purpose. 

For  acid  flour,  lime  water  is  used  instead  of  pure  water ;  lime  water  has  this 
advantage  that,  while  it  does  not  check  the  fermentation  of  yeast,  it  hinders 
the  action  of  diastase  on  starch.  It  must  be  caustic  lime  water,  and  not  chalk 
and  water  as  sometimes  is  the  case. 

After  being  taken  from  the  oven  bread  begins  to  lose  weight^  The  4-Ib 
loaf  loses, — 

In  the  first  24  hours, If  ounce. 

In  48    „  .         .         .         .         •         ^       » 

„  bu    „  .....         7       „ 

„  70    „  .        .        .        .        .        8|    „ 

Bat  this  is  merely  an  average,  and  is  altered  by  amount  of  crusty  temperature, 
and  movement  of  air. 

Loaves  are  generally  weighed  when  hot,  and  that  is  considered  to  be  their 
weight  In  ^e  Austrian  army,  a  loss  of  2*9  per  cent  in  four  days  is 
permitted. 

When  loaves  become  stale  they  can  be  rebaked,  and  then  taste  quite  fresh 
for  twenty-four  hours ;  after  that  they  rapidly  change. 

Old  biscuit  also,  mixed  with  water,  can  be  rebaked,  and  becomes  palatable. 

In  the  French  army  different  kinds  of  bread  are  used  :f  ordinary  bread ; 
bisctdted  bread ;  bread  half  biscuited ;  bread  one  quarter  biscuited ;  hospital 
bread.  The  "  Pain  biscuits  "  is  used  only  on  service ;  it  is  baked  more  firmly 
than  ordinary  bread. 

Pain  de  munition  ordinaire  keeps  5  days  in  summer  and  8  in  winter. 
„    au  quart  biscuits  „    10  to  15  days. 

„    demi  „  „    20  to  30     „ 

„    biscuits  „    40  to  50    „ 

The  French  munition  loaf  weighs  1*5  kilogrammes  (3*3  lb  avoir.),  and  con- 
tains two  rations  of  760  grammes  (each  1*65  fi>).  The  ration  of  biscuit  is  550 
grammes  (1*2  lb). 

It  would  be  useful  to  adopt  the  practice  of  strongly  baked  bread  in  our 
army  j  it  is  a  good  substitute  for  biscuit. 

Compressed  Bread, — (See  Concentrated  Foods.) 

ExaminaMcm  of  Bread, 

There  is,  perhaps,  no  article  on  which  the  medical  officer  is  more  often 
called  to  give  an  opinion. 

Oenerai  Characters. — ^There  should  be  a  due  proportion,  not  less  than  30 
per  cent,  of  crust ;  the  external  surface  should  be  well  baked,  not  burnt  j  the 

*  For  some  recent  ezperimeiits  on  this  point,  see  Report  on  Hygiene,  Army  Medical 
Beports,  vol.  zviii. 
t  Code  des  Offiders  de  Sant^,  1868. 
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crumb  should  be  permeated  with  small  regular  cavities  ;  no  parts  should  be 
heavy,  and  without  these  little  cells  ;  the  partitions  between  the  cavities 
should  not  be  tough ;  the  colour  should  be  white  or  brownish  from  admixture 
of  bran  ;  the  taste  not  acid,  even  when  held  in  the  mouth.  If  the  bread  is 
acid  the  flour  ia  bad,  or  leaven  has  been  used ;  if  the  colour  changes  soon,  and 
fungi  form,  the  bread  is  too  moist ;  if  sodden  and  heavy,  the  flour  is  bad,  or 
the  baking  is  in  fault ;  the  heat  may  have  been  too  great,  or  the  sponge  badly  set. 

ChemicaX  EzamhiaMon. — This  is  conducted  chiefly  to  ascertain  the  amount 
of  water,  acidity,  and  the  presence  of  alum  or  sulphate  of  copper. 

Water. — ^Take  a  weighed  quantity  (say  10  grammes)  of  crumb,  and  dry- 
in  a  water  bath ;  powder,  and  then  dry  again  in  a  hot-air  bath  or  oven,  and 
weigh ;  the  water  should  not  be  more  than  45  per  cent. ;  if  more,  the  bread  is 
pro  tanto  less  nutritious,  and  is  liable  to  become  sooner  mouldy. 

Additij. — This  can  be  determined  by  a  standard  alkaline  solution.  (See 
Beer.)  At  present  few  observations  have  been  made  on  this  point,  but  it  may 
be  important  as  indicating  bad  flour.  In  good  bread  the  acidity  on  first 
baking  is  very  trifling  ;  it  increases  slightly  for  five  or  six  daya* 

AluTiu — ^The  determination  of  the  presence  of  alum  is  not  difficult,  but  the 
quantitative  analysis  is  necessary,  since  it  has  been  shown  by  Wanklyn  that 
unalumed  bread  may  contain  an  appreciable  amount.  Many  processes  have 
been  proposed,!  some  of  which  are  merely  modifications  of  each  other.  The 
following  seems  the  most  simple  : — 

\8t  part. — Take  at  least  \%  oi  crumb,  put  in  a  mortar,  and  soak  it  well  in 
pure  cold  water  ;  filter,  and  get  as  clear  a  fluid  as  possible  ;  add  a  few  drops 
of  hydrochloric  acid,  and  then  chloride  of  barium.  If  there  is  no  precipitate 
no  alum  can  have  been  added,  and  the  process  need  not  be  proceeded  with. 
If  there  is  a  slight  precipitate,  it  may  be  accounted  for  by  sulphate  of  lime  or 
magnesia  in  the  water  added,  or  of  sulphate  of  magnesia  in  the  salt,  or  by  the 
slight  amount  of  sulphuric  acid  naturally  existing  in  the  grain,  or  added  during 
the  grinding.  Perhaps  the  medical  officer  will  know  whether  the  water  or 
the  salt  contains  sulphates,  and  if  so,  the  absence  of  alum  may  be  inferred. 
If  there  be  a  large  precipitate,  the  presence  of  alum  is  probable,  but  is  not 
certain,  and  the  process  must  be  continued. 

2d  part, — Dupre's  process,  as  modified  by  Wanklyn,  seems  on  the  whole 
the  simplest  and  least  liable  to  error,  as  it  gets  rid  of  one  great  source  of  fallacy, 
namely,  the  presence  of  alumina  in  the  liquor  potassae,  which  reagent  is  not 
required.  The  process  is  as  follows  : — Take  100  grammes  (  =  3^  ounces)  of 
bread  ;  incinerate  for  4  or  5  hours  in  a  platinum  dish  to  a  grey  ash  ;  weigh 
(the  ash  should  not  sensibly  exceed  2  grammes) ;  moisten  with  3  C.C.  of  pure 
hydrochloric  acid  to  separate  silica ;  add  20  to  30  C.C.  of  distilled  water,  boil, 
filter  ;  wash  the  filter  well  with  boiHng  water  ;  add  to  the  filtrate,  which  con- 
tains the  phosphates  of  calcium,  magnesium,  aluminium,  and  iron,  5  CC.  of 
liquor  ammonisB  (sp.  gr.  880),  which  causes  a  precipitate  of  these  phosphates ; 
then  add  gradually  20  C.C.  of  strong  acetic  acid,  which  partially  clears  the 
fluid  by  dissolving  the  phosphates  of  calcium  and  magnesium ;  boil  and  filter. 
The  undissolved  part  is  a  mixture  of  phosphate  of  aluminium  and  phosphate 
of  iron ;  wash,  precipitate  well  with  boiling  water,  dry,  ignite,  and  weigh. 

The  iron  must  now  be  determined  in  this  precipitate.     This  may  be  done 

*  In  three  samplea  of  bread,  condemued  as  inferior,  I  found  6-2,  6*6,  and  8'3  grains  of  acid 
(reckoned  as  crystalline  oxalic)  per  lb  (=-0*89,  0*92,  and  1-19  grammes  per  kilogr.  In  two 
samples  of  good  bread,  but  rather  underbaked,  4-  and  6*8  respectively  (—0-57  and  0*76  per 
kilogr).  For  further  experiments,  see  my  Report  on  Hygiene,  Army  Medical  Reports,  vol. 
xviii.  (F.  de  C). 

+  By  Kuhlmann,  Lctheby,  Odling,  Wentworth  Scott,  Crookes,  Hassall,  Hadow,  Horsley^ 
Dupre,  Wanklyn. 
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by  tlie  penbangaziate,  bat  Wanklyn's  colorimetiic  test  is  probably  better  :  it 
is  as  follows  : — ^Dissolve  1  gramme  of  pure  iron  wire  in  nitro-hydrochloric 
acid ;  precipitate  the  ferric  oxide  with  ammonia ;  wash  the  precipitate,  dissolve 
it  in  a  little  hydrochloric  acid,  and  dilute  to  1  litre :  one  C.G.  therefore  equals 
1  milligramme  of  metaUic  iron  ;  when  used  it  is  diluted  1  in  100  so  as  to 
make  a  solution,  of  which  each  CO.  contains  y^th  milligramme  (  =  0-01  of 
a  milligramme)  ^of  metalKc  iron.  To  use  this,  dissolve  the  phosphates  of 
aluminium  and  iron  (obtained  by  the  above  described  process)  in  pure  hydro- 
chloric acid,  and  dilute  to  100  C.G.  Test  the  solution  to  see  if  it  give  a  deep 
colour  with  f errocyanide  of  potassium  :  if  the  colour  is  not  too  deep  take  50 
C.C.  of  the  solution,  but  if  it  be  deep  take  a  smaller  quantity,  and  make  it 
up  to  50  C.C.  with  distilled  water,  taking  care  that  it  is  well  acidulated. 
Put  it  in  a  cylindrical  glass  and  add  1  or  2  C.C.  of  solution  of  ferrocyanide 
of  potassium:  a  blue  colour  is  given.  In  another  glass  1  CO.  of  strong 
hydrochloric  acid  is  put,  and  50  C.C.  of  distilled  water;  1  or  2  C.C.  of 
ferrocyanide  are  added ;  the  standard  solution  of  iron  is  then  dropped  in  till 
an  equal  colour  is  produced  The  amount  of  iron  is  then  read  off  and 
calculated  as  phosphate  (1  of  iron  =  2 '696  FePO^).  Deduct  the  weight  from 
the  total  weight  of  phosphate  of  aluminium  and  iron;  the  remainder  is 
phosphate  of  aluminium  (  »  AlPOJ,  of  which  1  part  equals  0*42  alumina,  or 
2-1  dry  or  3*9  crystallised  potassium  alum;  or  1*9  dry  or  3*7  of  crystallised 
ammonium  alum,  which  last  is  almost  the  only  kind  now  in  the  market. 

Wanklyn  considers  that  unalumed  bread  may  contain  5  or  6  milligrammes 
(  =  0*005  per  cent)  of  phosphate  of  aluminium  in  every  100  grammes  of 
bread.*  It  will  be  well  to  deduct  this  amount  from  the  total  amount  of 
phosphate  of  aluminium  found ;  the  remainder  will  represent  the  amount 
corresponding  to  alum  added. 

Dr  Letheby  has  also  used  a  decoction  of  logwood  as  a  test ;  a  piece  of  pure 
bread  and  a  piece  of  suspected  bread  are  put  in  a  glass  containing  freshly 
prepared  decoction,  and  left  for  twenty-four  hours ;  the  pure  bread  is  simply 
stained,  the  alumed  bread  is  dark  purplish,  as  the  alum  acts  like  a  mordant 
Mr  Hadow  has  also  used  this  test  with  advantage,  but  Mr  Crooks,  after  many 
experiments,  came  to  the  conclusion  that  it  was  valueless,  f  Mr  Horsley  has 
used  it  largely,  and  estimates  it  highly.  His  process  is  as  follows — a  tincture 
of  logwood  is  made  by  digesting  for  eight  hours  two  drams  of  freshly-cut 
logwood  in  five  ounces  of  methylated  spirit  A  saturated  solution  of 
carbonate  of  ammonium  is  also  made.  A  tea-spoonful  of  each  solution  is 
mixed  in  a  wine-glassful  of  water,  in  a  white  ware  dish ;  a  slice  of  bread  is 
pat  in  for  five  minutes,  then  removed,  and  allowed  to  drain ;  in  an  hour  or 
two  it  turns  blue  if  alum  be  present :{ 

Alum  is  not  much  used  except  with  inferior  bread.§  The  amount  of  alum 
in  bread  is  said  to  be,  on  an  average,  3  ounces  to  a  sack  or  280  ft  of  flour ;  if 
the  sack  gives  105  4-fi>  loaves,  there  will  be  16  grains  in  a  4-0>  loaf;  if 
crystallised  alum  is  meant  by  this,  there  will  only  be  about  8  grains  of  dry 
alumjl  in  a  4-Ib  loaf.     Hassall  states  the  quantity  to  be  |  lb  (8  ounces)  to  240 


*  Tbis  equals  about  5  or  6  grains  of  crystallised  ammonitun  alum  per  4  lb  loaf. 

t  Cbemical  News,  Sept  1862. 

X  Chemical  News,  May  1872. 

§  Report  on  Journeymen  Bakers,  18G2,  p.  164.  See  also  Odling's  Papers.  HassaU,  however, 
fonnd  uum  in  half  the  loaves  examined.  A  writer  in  the  Lancet  (Jan.  1872)  states  that  at  that 
date  alum  was  found  in  10  out  of  20  loaves,  and  the  amount  was  fix)m  12  to  96  grains  in  the  4  lb 
loaf. 

K  Mitchell,  in  his  Treatise 'on  the  Falsifications  of  Food^  gave  a  much  greater  amount ;  but 
there  is  little  doabt  hi*  aluaina  was  not  pure. 
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Tb  of  flour,  but  that  the  quantity  differs  for  old  and  new  flour.  A  veiy  good 
witness,*  in  the  inquiry  into  the  grievances  of  the  journeyman  bakers,  gave 
the  quantity  at  10  ounces  per  sack ;  this  would  give  41*6  grains  per  4-fi>  loal 
When  mixed  with  flour  and  baked,  the  alum  is  decomposed,  part  of  the 
alumina  combines  most  strongly  with  phosphoric  add ;  and  either  this  or  the 
alum  itself  is  presumed  to  be  in  combination  with  the  gluten ;  bisulphate  of 
potassium  is  probably  formed. 

The  effects  of  alum  on  the  flour  during  the  baking  have  been  already 
noticed.     The  effects  on  health  will  be  presently  considered. 

Cupric  Sulphate. — Cut  a  smooth  shce  of  bread,  and  draw  over  it  a  glass  rod 
dipped  in  potassium  f errocyanide.  If  copper  be  present  a  brick-red  colour  is 
given  by  the  formation  of  f errocyanide  of  copper.  The  test  is 'very  dehcate. 
It  is  beUeved  to  be  a  very  rare  adulteration  in  England  It  has  been  said 
that  cobalt  is  used  instead  of  copper.  It  is  probably  a  very  rare  adulteration ; 
it  can  be  detected  by  the  blueness  of  the  asLf 

Potatoes, — If  potatoes  in  any  quantity  have  been  added,  the  ash  of  the 
bread  instead  of  being  neutral  is  alkaline ;  this  can  only  occur  from  sodium 
carbonate  having  been  added,  or  from  the  presence  of  some  salts  of  organic 
acid,  citrates,  lactates,  tartrates,  which  form  carbonates  on  incineration.  But 
if  it  be  from  sodium  carbonate,  the  solution  of  bread  will  be  alkaline,  so  that 
it  can  be  known  if  the  alkalinity  is  produced  during  incineration.  If  so,  it  iB 
almost  certain  to  be  from  potato. 

Examination  of  Yeast. — Common  brewers'  yeast  is  not  likely  to  be 
adulterated  If  any  solid  mineral  substances  are  mixed  with  German  yeast, 
they  are  detected  either  by  washing  or  by  incineration.  Dr  Letheby  found 
Grerman  yeast,  imported  in  1863,  to  be  adulterated  with  30  per  cent,  of  pipe- 
clay. 

Microscopical  Examination  of  Bread, 

Under  the  microscope  some  starch-ceUs  can  be  seen,  but  they  are  generally 
enlarged  and  partly  broken  up ;  often  they  are  broken  up  altogether,  and 
form  little  angular  masses  which  might  be  mistaken  for  rice  starch-grains. 
The  gluten  forms  little  stringy  masses.  Sometimes  with  a  low  power  some 
dark  points  are  seen ;  under  a  high  power,  500  or  600  diameters,  these  are 
found  to  be  formed  of  a  number  of  dark  Httle  rods  joined  together.  This  is 
a  kind  of  bacterium  often  found  in  large  quantities  in  yeasty  and  is  carried 
into  the  bread     It  must  not  be  mistaken  for  an  impurity. 

Fungi. — The  most  common  fungus  is  a  kind  of  PenicUlium  (dtophUum  and 
roseum),  greenish,  brownish,  or  roddish  yellow  colour ;  sporules,  sporangia, 
and  myceKum  can  all  be  seen.  The  Oidium  aurantiacum  has  been  several 
times  detected  in  France  and  Algeria ;  it  is  distinguished  by  its  orange-red 
colour.  A  greenish  mucor  is  often  found  in  bread  I  have  not  yet  seen  the 
Puccinia  so  common  in  flour. 

Microscopical  Examination  for  Adulterations. 

Hice  flour  cannot  be  detected  unless  it  is  in  very  large  quantity ;  then  the 
number  of  small  angular  grains  may  create  suspicion,  often  unfortunately 
nothing  more  than  suspicion.  Potato  starch  is  often  completely  broken  up 
and  cannot  be  detected ;  potato  itself  is  used,  little  masses  of  it  can  often  hie 
found,  and  some  starch-grains  with  eccentric  hiluuL  Incineration  for  thp 
alkaline  ash  is  useful  in  this  case. 

*  Report  on  the  Jonmeymen  Bakers,  1882,  p.  168.  Some  of  the  statements  are  beyond  even 
this  amount-— 1  to  4  lb  per  1000  (4<!b  ?)  loaves  (p.  xzzvi.) ;  bat  this  is  probably  an  ezaggenUon. 
t  I  have  to  thank  my  friend  Dr  Campbell  Brown  for  this  information. 
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Bean  and  pea  flour,  if  more  than  4  per  ceni,  giye  a  dark  colour  to  thd 
bread,  the  starch  cells  can  often  be  found ;  moiBtening  the  bread  with  hot 
water  sometimes  produces  the  peculiar  smell  of  the  pea. 

The  microscopical  examination  of  bread  for  adulteration  is  unsatisf actoiy; 
the  flour  should  be  examined  instead,  whenever  it  can  be  obtained. 

Diseases  connected  with  the  Quaiity  of  Flour  and  Bread. 

1.  The  Flour  origiiuiUy  had. — ^It  maj  be  ergoted,  or  grown  and  fermenting, 
or  with  fungi  forming.  An  anomah>us  disease  approaching  to  ergotism  should 
lead  at  once  to  an  exttmination  of  the  flour.  The  fermenting  flour  produces 
dyspepsia  and  dianrhcea ;  Uie  heat  and  moisture  of  the  stomach,  no  doubt, 
excite  at  once  very  rapid  fermentation ;  the  gluten,  already  metamorphosing, 
acts  veiy  energetically  on  the  starch,  and  carbonic  acid  is  rapidly  developed ; 
hence  uncomfortable  feelings,  flatulence,  imperfect  digestion,  and  diarrhoea. 
It  is  to  remedy  this  condition  of  flour  that  alum  is  added,  and  some  of  the 
effects  ascribed  to  alum  may  be  really  owing  to  the  flour. 

The  most  important  disease  connected  with  flour  is,  however,  ergotism ;  this 
is  less  common  in  wheat  than  in  rye  flour,  but  yet  is  occasionally  seen*- 
Sometrmes  ergoted  meal  produces  at  once  violent  stomach  and  intestinal 
symptoms,  at  othw  times  primary  digestion  is  well  performed,  and  the  early 
symptoms  are  great  general  depression,  and  f everishnees,  ushering  in  the  local 
symptoms  of  acrodynia. 

2.  Flour  originally  good,  but  altering  either  from  age  or  from  not  having 
been  well  dried. — The  bread  is  often  acid,  and  sometimes  highly  so ;  this  may 
produce  diarrhoea,  though  I  have  known  such  bread  used  for  a  long  time 
without  this  eflect ;  usually  persons  will  not  eat  much  of  it,  and  thus  the 
supply  of  nutriment  is  lessened.  If  the  bread  be  too  moist,  fungi  form,  and 
the  Oidium  aurantiacum,  in  particular,  has  been  known  in  Algiers  to  give 
rise  to  little  endemics  of  diarrhoea  (Boudin  and  Foster).*  The  Mucor  mucedo 
either  does  not  produce  this,  or  rarely.  It  should  be  remembered,  however, 
that  mouldy  oats  (the  fungus  being  the  Aspergillus)  have  given  rise  to 
paralytic  symptoms  in  horses,  so  that  these  fungi  are  to  be  looked  on  with 
suspicion ;  f  and  a  new  case  of  the  kind  has  lately  been  reported  by  H. 
Hoffinan  in  Giessen  (Yirchow's  "Archiv,"  band  xliii.  p.  173).  Professor 
Yamell  also  states  %  that  six  horses  died  in  three  days  &om  eating  mouldy 
oats  ;  there  was  a  large  amount  of  matted  mycelium,  and  this,  when  given  to 
other  horses  for  experiment,  killed  them  in  thirty-six  hours ;  there  was  a 
"  peculiar  growth  "  on  the  mucous  membrane  of  the  small  intestine.  It  is 
not  known  that  the  Acarus  so  common  in  flour  has  any  bad  efliects  when 
eaten. 

3.  Substances  added^ — Alum,  of  course,  is  the  chief  substance ;  there  has 
been  much  diflercmce  of  opinion  as  to  its  eflects.  It  has  been  asserted  to 
produce  dyspepsia ;  to  lessen  the  nutritive  value  of  bread  by  rendering  the 
phosphoric  acid  insoluble,  and  to  be  also  a  faL^cation,  inasmuch  as  it  permits 
an  inferior  flour  to  be  sold  for  a  good  one.  The  last  allegation  is  no  doubt 
correct ;  the  second  probably  so,  as  there  is  little  doubt  of  the  formation,  and 
none  of  the  insolubility,  of  phosphate  of  alumina.  The  first  point  is  more 
doubtful,  though  several  p%8icians  of  great  authority  (Carpenter,  Dundas 
Thomson,  Gibbon,  Normandy)  have  considered  its  action  very  deleterious,  and 
that  it  causes  dyspepsia  and  constipation.  Percira  considered  that  whatever 
may  have'been  the  eflect  in  the  case  of  healthy  persons,  sick  persons  did  really 

*  Archiyes  Oen.  de  Med.,  1848,  p.  244. 

+  Sanderson's  Report  in  Syd.  Soo.    Year-Book  for  1862,  p.  462. 
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suffer  in  that  way.  A  question  like  this  is  obviously  difficult  of  that  strict 
proof  we  now  demand  in  medicine,  and  personally  I  have  been  able  to  come 
to  no  conclusion.  Seeing,  indeed,  that  the  usual  effect  of  bad  flour  is 
flatulence  and  diarrhoea,  if  constipation  were  decidedly  produced  by  bread,  it 
would  be  inore  likely  to  proceed  from  alum  than  from  any  other  ingredient 
of  the  bread.  Looking  again  to  the  fact  that  sometimes  bread  has  contained 
large  quantities  of  alum, — sometimes  as  much  as  40  grains  in  a  4-S»  loaf,  and 
probably  more, — ^we  get  an  amount  in  an  ordinary  meal  which  (if  the 
aluminium  phosphate  is  an  astringent)  might  very  well  cause  constipation. 
Looking,  then,  to  the  positive  evidence,  and  the  reasonableness  of  that 
evidence,  it  seems  to  me  extremely  likely  that  strongly  alumed  bread  does 
produce  the  ii^jurious  effects  ascribed  to  it. 

The  addition  of  alum  is  forbidden  by  law. 

Sulphuric  acid  is  said  to  be  added^  before  grinding  instead  of  alum ;  it  has 
the  same  power  of  preventing  decay. 

As  already  stated,  Ume  water  may  be  used,  and  with  advantage. 

Sulphate  of  Copper, — ^The  amount  used  is  so  small  that  it  seldom  produces 
any  symptoms  \  still  it  is  possible  that  some  anomalous  cases  of  stomach 
irritation  might  be  owing  to  this. 

Lead, — ^Dr  Alford,t  medical  officer  for  Taunton,  reports  a  case  of  poisoning 
from  lead  getting  into  flour.  Six  or  seven  families,  including  15  to  20 
persons,  suffered,  some  very  severely.  The  water  was  analysed  but  no  lead 
found,  and  then  it  was  noted  that  the  persons  attacked  all  got  their  flour  from 
the  same  milL  On  making  inquiries  it  was  found  that  the  millstones  used 
had  (from  the  nature  of  the  stone)  large  spaces  in  them,  which  had  been  filled 
up  with  lead  I  It  was  mentioned  at  the  meeting  of  the  sanitary  authority, 
by  one  of  the  members,  that  lead  was  not  usually  employed  in  that  way,  that 
what  was  generally  used  was  red-lead  and  borax,  or  alum  and  borax,  both 
highly  objectionable.  If  such  be  the  case  this  is  another  possible  source  of 
alum,  which  ought  to  be  recollected. 

The  Lolium  temidentum  gives  rise  to  narcotic  symptoms  (see  ante). 

Flour  from  other  Grains. — It  is  not  known  whether  the  addition  of 
potatoes,  rice,  barley,  peas,  &c.,  in  any  way  injures  health,  except  as  it  may 
affect  nutrition  or  digestion.  Occasionally,  in  times  of  famine,  other  sub- 
stances are  mixed — chestnuts,  acorns,  &c  In  1835,  during  famine,  fatal 
dysentery  appeared  in  Konigsberg,  owing  to  the  people  mixing  their  flour 
with  the  pollen  of  the  male  catkin  of  the  hazel  busL  In  India  the  use  of  a 
vetch,  Laihyrus  aativus  (kessaree-dholl),  with  barley  or  wheat,  gives  rise  to  a 
special  paralysis  of  the  legs,  when  it  exceeds  one-twelfth  part  of  the  flour 
(Irvine  in  "  Indian  AnnaJs  ") ;  the  L.  cicera  has  the  same  effect  I  During 
the  siege  of  Paris,  straw,  to  the  extent  of  one-eighth,  was  introduced  into  the 
bread  :  this  had  a  very  irritating  effect. 

SECTION  III 

BARLEY. 

As  an  article  of  diet  barley  has  the  same  advantages  and  disadvantages  as 
wheat     It  is  said  to  be  rather  laxative  (Pereira),  and  I  have  myself  noticed 

*  Dr  Angus  Smith,  Annual  Beport  of  the  Manchester  and  Salford  Sanitary  Association  for 
]868.~Report  of  Sub  Committee, 
t  Sanitary  Record^May  25th,  1877. 

i  Br  Irvine  has  ktely  ("  Indian  Annals."  Jan.  1868)  again  described  the  symptoms  produced 
by  the  kassaree-dhoU  or  Lathyras.    The  first  symptoms  are  gastro-intestinal  irntatioi^  and  the 
I  paraplegia  follows  on  this. 
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tiiat  either  from  this  cause,  or  fFom  the  imperfect  'separation  of  the  sharp 
husks,  harley  hread  is  particularly  unsuited  for  dysenteric  cases.  It  contains 
rather  more  protein  bodies  than  wheats  and  these  consist  of  gluten-casein, 
gluten-fibrin,  mucedin,  and  albumen.*  It  is  certainly  very  nutritious,  and 
the  Greeks  trained  their  athletes  on  it  Its  richness  in  phosphoric  acid  and 
iron  render  it  particularly  adapted  for  this. 

Choice  of  Barley, — (Scotch  or  pot  barley,  viz.,  the  grain  without  the  husks.) 
For  the  barley  grains  the  same  points  are  to  be  attended  to  as  in  wheat. 

For  the  pearl  barley  (which  is  merely  the  grain  rounded  off),  the  best  tests 
are  the  physical  characters,  colour,  freedom  from  dust,  grit,  and  insects,  and 
the  test  of  cooking. 

The  patent  prepared  or  powdered  barley  should  be  examined  with  the 
microscope  ;  any  kind  of  cheaper  grain  may  be  mixed  with  it.  (See  figures 
of  barley  and  other  grains.) 

Diseases  arising  from  Altered  Quality. — ^These  are  the  same  as  those  of 
wheat — viz.,  indigestion,  flatulence,  and  diarrhoea.  I  am  not  aware  that  there 
is  anything  peculiar  in  the  action  of  diseased  barley  as  distinguished  from 
wheat. 

SECTION  IV. 
OATS. 

Oats  have  been  considered  even  more  nutritious  than  wheat  or  barley,  and, 
certainly,  not  only  is  the  amount  of  nitrogenous  substance  great,  but  tiiie  pro- 
portion of  fat  is  large.  Unfortunately,  the  nitrogenous  substance  has  no 
adhesive  property,  and  bread  cannot  be  made  ;  the  amount  of  indigestible 
cellulose  is  large.  But,  on  the  other  hand,  oatmeal  has  the  great  advantage  of 
being  very  readily  cooked,  much  more  so  than  wheat  or  barley.  The  late 
researches  of  Kreusler  (Eitthausen,  op.  cit.  p.  125)  show  that  the  nitrogenous 
substances  of  oats  contain  gliadin,  and  especially  gluten-casein.  This  last  sub- 
stance is  that  called  "  avenin  **  by  Norton  and  Johnstone  ;  it  approaches  very 
closely  to  the  legumin  of  peas  and  beans,  and  is  so  called  by  Eitthausen.  In 
nutritive  properties  it  causes  oatmeal  to  stand  nearer  to  the  Leguminosse  than 
the  cereals  do.     It  contains  double  as  much  sulphur  as  the  legumin  of  peas. 

For  this  reason,  and  because  it  contains  much  nutriment  in  small  bulk, 
because  it  can  be  eaten  for  long  periods  with  relish,  and  keeps  unchanged  for 
a  long  time,  it  would  seem  to  be  an  excellent  food  for  soldiers  during  war — ^an 
opinion  which  does  not  lose  in  force,  when  we  remember  that  it  formed  the 
staple  food  of  one  of  the  most  martial  races  on  record,  the  Scotch  Highlanders, 
whom  Jackson  considered  also  one  of  the  most  enduring.  Formerly,  when  oats 
were  badly  cleaned,  intestinal  concretions  of  the  husk  and  hairs  were  common 
among  those  who  lived  on  oatmeal,  but  these  are  now  imcommon.  It  has  been 
thought  to  be  "  heating  "  when  taken  continually,  but  this  is  probably  a  pre- 
judica  The  supporting  qualities  of  oatmeal  used  as  a  drink,  made  into  a  thin 
gruel,  are  testified  to  in  hard  work  by  the  chief  and  divisional  engineers  of 
the  Great  Western  Eailway.f 

Adulterations. — ^Barley-meal  and  the  husks  of  barley,  of  wheat,  and  of  oat 
itself,  are  added  very  frequently.  A  single  look  through  the  microscope 
detects  the  round  and  smooth  barley  starch  ;  the  envelopes  axe  recognised 
with  very  little  more  trouble.     Bice  and  maize  are  also  sometimes  used. 

*  Ritthaosen,  op.  eU.  p.  108. 

t  On  the  issue  of  «  spirit  ration  during  the  Ashantee  Campaign  of  1874,  Appendix  ii.,  by 
TL  A  Parkes,  M.D.,  F.R.S.,  &c,  1874. 
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The  drawings  already  given  will  also  enable  these  substances  to  be  detected* 
Hassall  found  about  half  the  samples  of  oatmeal  adulterated 

Choice  of  Oatmeal, — ^Theie  should  be  a  good  proportion  of  envelope,  but 
no  branny  character,  which  usually  arises  from  barley  husks  ;  the  starch 
should  not  be  discoloured.  A  microscopic  examination  should  always  be 
made,  both  for  adulterations  and  Acari 

SECTION'  T. 
MAIZE  AND  RTK 

Both  these  grains  are  very  nutritious  ;  maize  contains  a  large  quantity  of 
yellowish  fat  (6  to  7  per  cent.)  The  gluten  cannot  be  washed  out  as  in  wheats 
though  this  was  stated  by  Grorham,  who  found  a  special  substance  which  he 
termed  "  Zein-"  This  is  called  "  maize-fibrin  "  by  Kitthausen.  It  requires 
very  careful  cooking,  as  otherwise  much  passes  out  undigested.  My  fnend, 
Dr  Johnston,  has  communicated  to  me  the  particulars  of  an  outbreak 
of  diarrhoea  in  a  military  prison  clearly  due  to  badly  cooked  maize.  It  should 
be  soaked  in  water,  but  not  too  long  (two  to  four  hours),  and  then  thoroughly 
boiled  for  several  hours  (four  to  six)  at  a  rather  low  heat  Maize  cakes  bib 
both  palatable  and  nutritious. 

Eye  makes  a  very  acid  dark  breads  which  causes  diarrhoea  in  those  unaccus- 
tomed to  it ;  custom,  however,  soon  remedies  this,  and,  as  far  as  nutritive 
value  goes,  it  appears  equal  to  wheat  It  contains  less  vegetable  fibrine,  and 
more  casein  and  albumen,  and  a  peculiar  odorous  substance. 

Dieeases  connected  xoith  Maize  and  Rye. 

It  is  presumed  that  alterations  in  the  flour  will  produce  the  same  diseases 
as  in  the  analogous  case  of  wheat  Ergotism  is,  however,  moro  common  in  rye 
than  any  other  grain.  The  Pellagra  of  Lombardy  has  been  ascribed  to  a 
fungus  (Verderame,  or  Verdet)  forming  in  the  maize.  Many  volumes,  with 
different  statements,  have  been  written  on  this  point,  and  it  is  still  doubtful 
whether  or  not  the  Verdet  has  this  effect  The  evidence  is  not  sufficient,  but, 
on  the  whole,  seems  to  me  most  in  favour  of  the  view  which  connects  Pellagra 
with  diseased  maize. 

SECTION  VL 

RICE 

The  whole  grain  (paddy)  deprived  of  the  husk  is  sold  as  rice.  There  are 
many  varieties,  of  different  colours  (white,  red,  brown  1 )  and  composition. 
The  amount  of  nitrogenous  matter  varies  greatly,  from  3  to  7*5  per  cent  of 
the  moist  grain.  As  an  article  of  diet,  it  has  the  advantage  of  an  extremely 
digestible  stareh-grain,  and,  like  the  other  Cerealia,  there  is  a  great  admixture 
of  substances ;  it  is,  however,  poorer  in  nitrogenous  substances  than  wheat, 
and  is  much  poorer  in  &t  Consequently,  among  rice-feeding  nations, 
leguminous  seeds  are  taken  to  supply  the  first,  and  animal  or  vegetable  feits  to 
remedy  the  latter  defect     Bice  is  also  poor  in  salts. 

Cooking  of  Rice, — It  should  property  be  steamed,  not  boiled,  and  the 
steaming  should  be  thoroughly  done,  else  the  stareh-grains  are  not  swollen 
and  digestible.  If  boiled,  it  shotdd  be  for  a  long  time  at  a  low  temperature ; 
the  rice  (or  conjee)  water  contains  some  albuminous  matter,  and  the  grain 
loses  in  nutritive  power. 

Choice  of  Rice. — The  grains  should  be  dean,  without  grit ;  the  individual 
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giiEdns  'without  spots  or  eyidence  of  insects.    The  size  yaries  much,  according 
to  the  kind ;  the  large  kinds  nsoallj  command  the  highest  market  piice."*^ 

Compariaon  of  the  foregoing  Qrains — Order  of  Richness. 


Kttrogenons 
SiilMteno6i^ 

Fat. 

Starch,  Ao. 

Sails. 

Wheat 

Barley. 

Bye. 

OatB. 

Maize. 

Bice. 

)  Maize. 
(Oats. 

Barley. 

Bye. 

Wheat 

Bice: 

liice. 

Maize. 

Wheat 

Bye. 

Oats. 

Barley. 

Barley. 

Oats. 

Wheat 

Bye. 

Maize. 

Bice. 

SECTION  VIL 
MILLET,  RAGGY,  BUCKWHEAT,  GRAM. 

Yarions  other  grains  belonging  to  the  Cerealia,  or  to  other  natural  orders, 
but  having  similar  properties,  are  used  as  food  in  different  countries.  Of 
these,  the  above  named  are  chiefly  those  the  medical  ofiGlcer  may  have  to 
report  on. 
'  Millet  is  used  largely  in  Africa  (west  coast)  and  Algeria,  in  Italy,  Spaia, 
Portugal,  some  parts  of  India,  China,  <fec. 

Botanical  Names. 


English  Namea. 

Common  millet, 

Small  millet, 
Spiked  millet, 


Panicum  miliaceum. 


Indian  Namea. 

rSawee  Chennawaree 
<      (Hindustani). 
(  Varagoo  (Tamul). 

{CI      1                  T>     '          /Dhurra  (Arabic) 
Soighum     or    Panicum  )/^l_i w i\ 
Yulgare, 


I  Cholam  (Tamul). 
( Joar  or  Jowree  (Hind.). 
f  B^jra  or  Bajree  (Hind.^. 
(  Cumboo  (Tamul). 


{Kala  kangni  (Hind.). 
Tenay  (Tamul). 


Penioillaria  spicata, 
Crolden-coloured  millet,  Sorghum  saccharatum^ 
Italian  millet,  Setaria  Italica, 

German  nullet,  Setaria  Germanica, 

{Raggee  or  Raggy  (Hind., 
Canaiese,  and  Tamul). 
Murha  and  Maud  in  the 
N.  Prov.  of  Hindustan. 
The  table  sufficiently  expresses  the  composition  of  most  of  these.t 

In  100  parts  of  Meal  {freed  from  Bran), 


Eleusine  corocana, 


Panicum  miliacmtm 
(Common  Millet). 


Water,  . 

Nitrof^ons  sabstances, 

Deztnn, 

Sugar,  . 

Fat,      .        .        . 

Starch,  .        . 

Silica,  . 


12-22 
9-27 
9-18 
1-80 
7-48 

6904 

0-11 


jPenieillaria  tpieota; 
a  kind  of  HiUet 
mnch  used  In  In- 
dia nnder  tbe  name 
of  Bajra. 


11-8 
10-18 


4-62 
71-76 


Sorghum  vulgar^, 
Dhnrra  of  the 
Arabs,  Joar  or 
Jowaree  of  India. 


11-95 
8-64 
8-82 
1-46 
89 


70-28  {rul 


*  The  laxfCOT  graina—eapedaUy  the  American  kincLB — ^hare  often  mnch  less  flavour  than  the 
smallAr  azid  less  attractive  Indian  kinds, 
f  The  DEtiTe  names  of  the  Indian  grains  and  poises  nsed,  especially  in  Southern  India,  are 
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The  ash  is  about  3  per  cent  in  Panicmn,  2-6  in  Penicillaria,  and  1*7  in 
Sorghum.  When  freed  from  silica,  which  is  present  in  large  amount,  the  ash 
contains  20  per  cent,  of  potash,  24  of  magnesia,  a  little  soda,  no  lime,  and 
about  50  per  cent,  of  phosphoric  acid. 

The  other  millets  {(Setaria  germaniea  and  Panicum  sanguinale)  are  very 
similar  in  constitution. 

Millet  bread  is  very  good,  and  some  was  issued  to  the  troops  in  the  last 
China  Expedition.  This  should  always  be  done  in  a  millet  country,  if  wheat 
or  barley  cannot  be  got  In  Northern  China  millet  is  almost  exclusively 
used. 

Eaggy  or  Eagee,  Murha  and  Maud  of  the  upper  provinces  {Eleudne 
coTocana)^  a  millet,  is  largely  used  in  Southern  India  (Mysore),  and  in  some 
parts  of  Northern  Hindustan,  and  is  considered  even  more  nutritive  than 
wheat*  It  is  very  indestructible,  and  can  be  preserved  for  many  years  (even 
sixty)  in  dry  grain  pits. 

Buckwheat  t  and  Gram  are  not  so  likely  to  be  used.  The  former  is  poor  in 
nitrogenous  substances  and  fat,  but  makes  a  fair  tasting  bread. 

Gram  bread  or  cakes  have  been  occasionally  used  in  India  for  Europeans, 
and  this  use  might  be  extended ;  the  cakes  are  palatable,  and  extremely 
nutritious,  as  may  be  seen  by  the  tables  (see  note,  page  253). 

SECTION  vin. 

LEQUMINOS^.* 
The  Leguminosse,  in  respect  of  dietetic  properties,  are  broadly  distinguished 


given  very  folly  in  a  paper  by  Mr  Elliot  (Edinbaiigh  Philosophical  Journal,  July  1802) ;  and 
also  in  Mr  Ck)nii8h's  excellent  paper  (Madras  Medical  Journal,  February  1864). 

*  For  the  Indian  grains  and  pulses,  Dr  Forbes  Watson's  admirable  paper  can  be  consulted, 
also  the  papers  by  Mr  Glliot  and  Dr  Cornish  already  referred  to. 

t  Polygonum  Fagopyptmf  or  Fttgopyrum  eaculetUum  (Buckwheat),  used  in  some  parts  of 
Russia,  Germany,  and  France. 

In  100  parts. 
Water,         .        .        .        ~ 
Nitrogenous  substances, 
Dextnn,        ... 
The  ash  is  about  1  *09  per  cent.,  and  contains  chiefly  potash,  magnesia,  and  phosphoric  acid. 
Other  species  of  buckwheat  are  P.  tataricum  and  P.  emargincUum. 
t  Composition  of  Dried  Orain : — 


12-764 

Sugar,  . 

.        .        0-914 

2-645 

Fat,       . 

0-943 

2-850 

Starch, 

.      79-894 

JPitum  taOvtan— 

Pfuueoliu  vulfforU 

VMa  Faba— Com- 

Peofl. 

—Kidney  Bean. 

mon  or  Broad  Bean. 

Water, 

14-5 

16 

12-8 

L^umin,  albumen,  and  gluten- 
like  substances,     . 

22-8 

22  6 

22 

Cellulose,          .        .        .        . 

4-9 

4-4 

6 

Starch  and  Deztrin  and  Sugar, . 

62-6 

49*9 

62  6 

Fat, 

2 

2 

1-6 

Chlorophyll,     .        .        .        , 

1-2 

•  •  • 

«  •  ■ 

Salts, 

2-4 

2-4 

26 

Potash, 

•86 

•98 

•62 

Soda,        .... 

•16 

•24 

•34 

Lime,       .... 

•1 

•23 

•16 

Magnesia,         .        .        .        . 

'IS 

•18 

•2 

Iron,        .... 

•023 

•001 

•08 

Phosphoric  acid, 
Sulphuric  acid, 

•85 

•64 

•9 

•077 

•07 

•08 

Chloride  of  potassiam, 

•067 

•  •  • 

■  ■  • 

Chloride  of  sodium,  . 

•044 

*•• 

•  » 

Chlorine, .... 

1                                    «  •  • 

•026 

•06 

LEGUHINOS^ 
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from  other  vegetables  by  their  very  large  amount  of  nitrogenous  sabstance, 
called  legumin  or  vegetable  casein ;  there  are  in  addition,  a  little  albumen  and 
other  protein  bodiea  The  advantages  of  peas  and  beans  as  articles  of  diet 
are  the  great  amount  of  this  substance,  and  the  existence  of  much  sulphur  and 
phosphorus  in  combination  with  the  legumin ;  in  salts  also  they  are  a  little 
hcher  than  the  Cerealia,  especially  in  potash  and  lime,  but  are  rather  poorer 
in  phosphoric  acid  and  magnesia;  1  fi»  of  peas  contains  about  168  grains  of 
salts.  The  disadvantage  of  peas  and  beans  are  a  certain  amount  of  indigesti- 
bility;  about  6*5  per  cent,  of  the  ingested  pea  passes  out  unchanged,  and 
starch-cells,  giving  a  blue  reaction  with  iodine,  are  found  in  the  faeces ;  much 
flatus  is  also  produced  by  the  sulphuretted  hydrogen  formed  from  the  legumin. 
Still,  they  are  a  most  valuable  article  of  food,  and  always  ought  to  be  used 
when  much  exercise,  is  taken,  as  they  are  an  excellent  addition  to  meat  and 
Cerealia.  Both  men  and  beasts  can  be  nourished  on  them  alone  for  some 
time.  Added  to  rice,  they  form  the  staple  food  of  large  populations  in  India.* 
Mr  Cornish  mentions  that,  in  the  Sepoy  corps,  the  men  are  much  subject  to 
diarrhoea  from  the  too  great  use  of  the  "dholl"  {Cajanu8  indicus). 

Choice  of  Pea, — By  keeping,  peas  lose  their  colour,  become  very  pale  and 
much  shrivelled,  and  extremely  hard.  Anything  like  decomposition,  or 
existence  of  insects,  is  at  once  detected.  The  powder  does  not  keep  very 
long  ;  the  whole  peas  should  be  split. 

The  microscope  should  be  used  to  detect  the  Acarus.  The  characters  of 
the  Pea  and  Bean  Starch  have  been  already  given. 

Cooking  of  Peas  and  Beans. — They  must  be  boiled  slowly,  and  for  a  long 
time,  otherwise  they  are  very  indigestible.  If  old,  no  amount  of  boiling 
softens  them ;  in  fact,  the  longer  they  are  boiled  the  harder  they  become ; 
they  should  then  be  soaked  in  cold  water  for  twenty-four  hours,  crushed,  and 
stewed ;  in  this  way  even  very  old  peas  may  be  made  digestible  and  palatable. 
Chalk-water  must  be  avoided  in  the  case  of  peas  as  of  other  vegetables,  as  the 
lime-salts  form  insoluble  compounds  with  the  legumin. 

Lathyrua  sativus  (Kassaree-dholl  of  India). — Occasionally  in  Europe,  and 
constantly  in  some  parts  of  India,  this  vetch  has  been  used  when  mixed  with 
wh^t  or  barley  flour  for  bread.  When  used  in  too  great  quantities,  it 
produces  (without  there  being  necessarily  any  alteration  of  the  grain  ? )  con- 
stipation, colic,  and  some  form  of  indigestion,  and  if  eaten  in  large  quantity, 
paraplegia.     It  is  also  injurious  to  horses,  but  less  so  to  oxen.     In  Bengal, 


*  Chief  Indian  Peas  and  Beans  (after  Forbes  Watson),  in  100  parts  (without  husks) :  — 


Water, 

Nitrogenons  sab- 
stances,  . 
[  Fat,  . 

Starch, 
i  Mineral  Matters, 


sativum — 
Analysts  of 
IndlaaPea, 

Bombay 

and  Bengal 

(Battamee, 

Hlndoa- 
tanl). 


1179 

27-99 

1-47 

56-86 

2*48 


Ce^anus 
indietu — A 
Pea  called 

Dholl  or 

Toor-dholl 

in  India. 


10-68 

22-18 

1-95$ 
62-13 
811 


Phaseolut 
— Ooreed 
of  India. 


12-44 

24-78 

1-86 

68-76 

817 


8qfa  hit- 
piila^(JL 

Bean) 
Bhoot  of 

India. 


10-26 

88-83 

10-61 

26-66 

4-14 


IMiehot— 
(A  Bean) 

Wall  or 
Ohot-wall 
or  Cooltee 

of  India. 


12  03 
23-27 

2-20 

69-88 

8-19 


Bnmm 

til,  called 
Dholl,  like 
the  Cajan- 
ns,  or  Hns- 
soor  in 
Hindus- 
tanlt 


11-84 

25-15 

1-26 

59-85 

1-92 


Cieerarie- 
tinum — 
Gram  or 

Gnundhall. 


11-89 

22-70 

8-76 

68  18 

2-60 


t  Not  liked  by  the  Hindna,  on  aecoont  of  its  red  blood-llke  colour. 

t  A  little  oil  is  often  mixed  with  DhoII,  which  Increases  the  fatty  matter  to  S  or  4  per  oent 
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Dr  Irving'*  found  in  some  Tillages  no  less  than  from  10  to  15  per  cent  of  the 
people  paralytic  from  this  cause. 

From  its  composition,  it  would  not  appear  to  be  innutritious.     Without 
husks,  it  is  composed  of — 


Nitrogenous  substances,     27*96 
Fat,     .         .         .         .       1-47 


Ash,  ,         .         .         2-48 

Water,       .        .        .       11-72 


Starches,      .        .        .     56*30 

SECTION  IX. 

STARCHESt  AND  SUGAR. 
Sub-Sbotion  L — ^Arbowboots. 

Mararda  Arrofnroot  (West  Indian). — ^The  chief  kind  is  obtained  from  the 
Maranta  arundinacea.  The  quality  of  Maranta  arrowroot  is  judged  of  by 
whiteness ;  by  the  grains  being  aggregated  into  little  lumps,  and  by  the  jelly 
being  readily  made,  and  being  firm,  colourless,  transparent,  and  good  tasted. 
The  jelly  remains  firm  for  three  or  four  days  without  turning  thin  or  sour, 
whereas  potato  fiour  jelly  in  twelve  hours  becomes  thin  and  acescent  Under 
the  microscope  the  starch-grains  are  easily  identified.  They  are  slightly 
ovoid,  like  potato  starch,  but  have  a  mark  or  line  at  the  larger  end  (the  Mlum 
of  the  potato  starch  is  at  the  smaller  end),  the  concentric  lines  are  well 
marked.  The  most  common  adulterations  are  sago,  tapioca,  and  potato  starch. 
All  these  starch-grains  are  readily  detected  by  the  microscope. 

Curcuma  Arrowroot, — Arrowroot  obtained  from  the  Curcuma  has  the  same 
physical  characters  as  Maranta,  but  under  the  microscope  the  starch-grains  are 
large  and  oblong,  marked  with  very  distinct  concentric  lines,  which,  however^ 
are  not  entire  circles,  having  an  indistinct  hilum  at  the  smaller  end. 

Manihot  Arrowroot. — This  is  obtained  from  Bio.  The  starch-grains  aie 
very  marked.     (See  Plate  of  Starches.) 

Tacca  or  Otaheiti  Arrourroot. — I  have  never  seen  this  arrowroot,  but 
Hassall  gives  a  figure  which  shows  that  the  starch-grains  resemble  those  of 
the  Manihot 

Arum  Arrowroot, — ^The  Arum  or  Portland  arrowroot  has  small,  angular, 
and  facetted  starch-grains,  which  cannot  be  confounded  with  any  of  the 
former.  They  are  a  little  like  maize.  This  is  sometimes  called  Portland 
Sago. 

British  or  Potato  Arrowroot. — Under  the  term  "  Farina,"  potato  starch  is 
sold  in  the  market ;  so  white  and  crackling,  and  making  so  good  a  jelly,  that 
it  is  not  always  easy  to  distinguish  it  from  Manihot.  The  microscope  at  once 
detects  it  (see  page  232).  The  pear-shaped  grains,  marked  hilnn)  towards  the 
smaller  end,  and  the  swelling  with  weak  Uquor  potasses,  render  a  mistake 
impossible.  In  making  the  jelly  a  much  larger  quantity  is  required  than  of 
the  Maranta  arrowroot. 

Canna  or  Tous  les  Mois  Arrowroot, — ^The  starch -grains  are  like  those  of 
the  potato,  but  much  larger,  and  the  concentric  lines  are  beautifully  marked 
and  distinct     (See  Plate  of  Starches.) 

Sub-Sbotion  n. — ^Tapioga. 

This  is  obtained  from  the  finest  part  of  the  pith  of  Jatropha  mcmxhot  or 

Cassava. 

*  Indian  AnnalB,  1867.    Ibid.,  Jan.  1868,  p.  89,  Dr  Irvine  notices  the  nseublanoe  of  the 
Bymptonu  to  the  Barbien  of  Bontius. 
^  t  See  table  p.  266 ;  and  plate  of  drawings  by  Dr.  Maddoz  farther  on. 
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TJnder  tlie  microscope  the  starch-grains  are  small,  with  a  central  hilnTn ; 
and  sometimes  three  or  four  adhere  together  and  form  compound  grains. 

It  is  adulterated  with  sago  and  potato  starch,  both  of  which  are  easily 
detected  by  the  microscope.     (See  Plate  of  Starches.) 

Sub-Sbotion  HL — Sago. 

The  best  kinds  are  derived  from  the  sago  palm  (Soffus  farinifera),  but  the 
sago  of  the  Cycas  drdrudia  is  also  sold ;  it  is,  however,  inferior. 

Granulated  sago  is  either  "  common  "  or  "  pearl ; "  the  latter  \a  chiefly  used 
in  hospitals.  The  starch  is  soluble  in  cold  as  weU  as  in  hot  water.  The 
starch-grains  are  elongated,  rounded  at  the  larger  end,  and  compressed  at  the 
other ;  and  hence  their  shape  is  quite  different  from  the  potato  starcL  The 
hilum  is  a  point,  or  more  often  a  cross,  slit,  or  star,  and  is  seated  at  the 
smaller  end ;  whereas,  as  in  the  Maranta  arrowroot,  the  hilimi  is  at  the  larger 
end.     EiDgs  are  more  or  less  clearly  seen. 

In  the  market  is  a  factitious  sago  made  of  potato  flour.  This  is  sometimes 
coloured  red  or  brownish,  either  from  cochineal  or  sugar.  In  thirty  specimens 
Hassall  found  five  to  be  fictitious.  The  microscope  easily  detects  potato 
Btarch. 

It  is  sometimes  difficult  to  remember  the  characters  of  the  diflerent  forms 
of  starch,  but  it  may  be  to  a  certain  extent  facilitated  by  a  tabulated  arrange- 
ment. The  following  table  has  been  compiled  by  Dr  J.  D,  Macdonald,  RN., 
F.RS. 

Microscopical  discHminaiion  of  the  principdl  Arrotoroota  and  Starches, 

I.  Starches  with  isolated  smooth  or  un&cetted  grains,  being  originally  free 
in  the  cell  cavity. 


General  Choracten. 


Paxtteolar  Ghancten. 


Forvi^ 


A. — Contour 

'ovoid. 

Hilum 

eccentric. 


Hilum, 


Hilnmat 

the  small 

end,  grains 

laiige. 


Form,  Hilvm, 

Outline  even.  Con-  Hilum  distinct, 
tinaons  rings,  in- 
cluding more  than 
half  the  grain. 
Outline  even.  Con- 
tinuous rings,  in- 
cluding less  than 
half  the  grain. 


Name. 


Potato ;    British 
arrowroot. 


Hilum  distinct. 
HQum  indistinct 


Hilum  at 

the  larger 

end,  grains 

medium 

sized. 


Outline  uneven, 
often  with  beak- 
like projections. 


Tons  -  les  -  roois 
(Canna)  arrow- 
root. 
Curcuma    arrow- 
root. 
Hilum  slit-like,  tri-    Bermuda  (Maian- 
radial  or  crucial.         ta)  arrowroot 


Hilum 


B.— Contour  )  longitudinal, 
ovaL        I        unear 
\     lateral. 


Outline  more  even,  Hilum  similar,  but    St  Vincent  arrow- 

beaklessfrequent-  less  apparent              root 
ly  seen. 

Whole    grain    still  Hilum  similar,  but    Natal  arrowroot 

smoother        and  still  less  marked, 
more  i-egular. 

Qrains  often  broad  Hilum       deft-like,    Bean  starch. 

andreniform.  puckered,  irregu- 
lar. 

Qrains  narrower  and  Hilum  less  puckered    Pea  starch. 

more  uniform.  and  more  regular. 


C— Contour  (      Hilum 
round.      (     central 


{ 


Form  lenticular. 


/Sur&ce   convex   at    Wheat  starch. 
J     the  hilum. 

\  Surface  depressed  at    Barley  starch, 
V    the  hilum. 


Formn.h«ic.l.       {^tS^rt^Slil"    '''"*^ 
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n.  starches  with  the  grains  facetted  by  original  juxtaposition  in  the  cell 
cavity.     Hilum  central 


A. — Often  presenting  the 
rounded  free  surrace  of 
grains  originally  saperficial 
in  the  cliuter. 


r  Grains  very  large. 
I    (Ri] 


Hilnm   often  J    (Rii»g»  mhuoub,  irregular.) 
cavernous,  j  g^^„ 

l^       (Sago  in  miniatore.) 

Hilum    8tel./S°^?ll: 


{ 


J  o^  -i       (Like  Tapioca  without 

'  preparation.) 


r  Hilum    8tel-i^™.ik_, 


B. — Altogether  facetted. 


late. 


{' 


(Discoidal  with  facetted 
margin.) 


Tapioca. 

Bio  arrowroot. 

Maise. 


'In  rounded  glo-    Oats, 
meruli  or  com- 

in   toe    cells, 
^  and  fixed. 

Sub-Section  IV. — Sugab. 

Choice  and  Examination. — The  sugar  should  he  more  or  less  white,  crys- 
talline, not  evidently  moist  to  the  touch,  and  should  dissolve  entirely  in  water, 
or  leave  merely  small  fragments,  which  on  examination  with  the  microscope 
will  he  found  to  he  hits  of  cane.  The  whiter  the  quality  the  less  is  the  per- 
centage of  water,  which  varies  in  difiFerent  kinds  of  sugar,  from  ahout  '25  per 
cent,  (in  the  finest  sugars)  to  9  or  even  10  per  cent,  (in  the  coarse  hrown 
sugars). 

The  unpurified  sugars  contain  alhuminous  matters  which  decompose,  and 
a  sort  of  fermentation  occurs.  The  Acarus,  or  sugar-mite,  is  usually  found 
in  such  sugar,  which  is  not  known  to  he  hurtfuL  Fungi  also  are  very  fre- 
quently present. 

Method  of  Examijiation, 

1.  Determine  physical  characters  of  colour,  amount  of  crystallisation,  &c. 

2.  Dissolve  in  cold  water  ;  fragments  of  cane,  starch,  sand,  gypsum,  phos- 
phate of  lime  are  left  hehind ;  test  with  iodine  for  starch.  The  hest  way  is  to 
dissolve  under  the  microscope,  as  aU  adulterations  are  then  at  once  detected. 

3.  Determine  percentage  of  water  hy  drying  thoroughly  10  grammes,  and 
again  weighing. 

4.  Excess  of  glucose  (a  little  is  always  present)  is  detected  hy  the  largo 
immediate  action  on  the  copper  solution. 

SECTION  X. 

SUCCULENT  VEGETABLES. 

Almost  all  other  vegetahles  are  used,  not  so  much  on  account  of  nutritive 
quahties,  as  for  the  supply  of  salts  ]  some  of  them,  however,  contain  very 
digestible  starch  and  sugar,  or  other  substances,  such  as  pectin  or  asparagin, 
or  peculiar  oils  which  act  as  condiments,  as  in  onions. 

Sub-Seotion  I — ^Potatoes  (Solanitm  Tuberosum). 
The  composition  has  been  already  given  (p.  195).     The  salts  are  noted 
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below.*  It  will  be  observed  from  these,  and  from  the  tables  already  given, 
that  the  amount  of  potash  and  phosphoric  acid  is  not  so  great  as  in  some  other 
sabstanoes  ;  the  true  use  of  the  potato  is  probably  to  be  found  in  the  large 
amount  of  salts  (malates  1  tartrates  t  citrates)  which  form  carbonates  on 
incineration.  The  juice  of  the  potato  is  acid.  These  is  no  better  antiscor- 
butic than  thejpotato,  and  its  starch  its  very  digestible.  The  citric  acid  is  com- 
bined with  potash,  soda,  and  lime. 

As  the  amount  of  salts  is  small,  and  that  of  water  large,  at  least  8  to  12 
ounces  of  potatoes  should  be  taken  daily  if  no  other  vegetables  are  eaten 
(a  8  ounces  at  1  per  cent,  of  salts  contain  35  grains ;  at  1*5  per  cent  *» 52'5 
grains). 

Choice. — ^Potatoes  should  be  of  good  sisse,  firm,  cut  with  some  resistance, 
and  present  no  evidence  of  disease  or  fungi 

A  still  better  judgment  may  be  formed  by  taking  the  specific  gravity,  and 
using  the  following  tables  : — 

Fotaioes, — The  solids  can  be  determined  by  taking  the  specific  gravity,  and 
multiplying  it  by  a  factor  taken  from  the  table  below,  and  dividing  by  1000 ; 
the  result  is  the  percentage  of  solids  : — 


Specific  grsTltj, 
between 

1061—1068 
1069—1074 
1075—1082 
1083—1104 


Factor. 

16 
18 
20 
22 


Specific  gTBTlty, 

between 

1105—1109 
1110—1114 
1115—1119 
1120—1129 


Ftetor. 

24 
26 
27 

28 


If  the  starch  alone  is  to  be  determined,  deduct  7  from  the  factor,  and 
proceed  as  above,  the  result  is  the  percentage  of  starch. 
If  the  specific  gravity  of  the  potato  is — 


Below 

1068 

The  quality  is  very  bad. 

Between 

1068—1082 

„           inferior. 

Between 

1082—1106 

»,           rather  poor. 

Above 

1105 

„           ffood. 
1 1            DeSbi 

Above 

1110 

Afi,  however,  the  medical  officer  will  seldom  have  an  hydrometerf  which 
will  give  so  high  a  specific  gravity,  and  must  work,  therefore,  with  a  common 
urinometer,  the  following  plan  must  be  adopted  : — Take  a  sufficient  quantity 
of  water,  and  dissolve  in  it  \  an  ounce  or  an  ounce  of  salt,  and  take  the 
specific  gravity  ;  then  add  another  \  ounce  or  ounce,  and  take  again  the 
specific  gravity ;  do  this  two  or  three  times,  so  as  to  get  the  increase  of  specific 
gravity  for  each  addition  of  a  known  quantity  of  salt ;  then  add  salt  enough 
to  bring  up  the  specific  gravity  to  the  desired  amount.     This  is,  of  course,  not 


*  Pototo.— Percentage  amount  of  asb  1*  to  1'5.    Mineral  eonstituenta  in  100  of  ash. 

(FTombcrg.) 


Potash,      . 

Soda, 

Magnesia^  . 

Lime,         . 

Fhospboric  acid, 

Snlpbnric      „ 

Chloride  of  potassinm. 


(Way.) 
46  60 

■  •  • 

8-70 

4-64 

18-80 

4-66 


(Fromberg.) 

60-23 

8-7 

4-4 

0-88 

1010 

1467 

11-76 


(Way.) 
Chloride  of  sodium,       8*48 
Carbonic  acid  (from"! 
the  incineration  of  S  18*80 
OKanic  acids),        j 
Oxide  of  iron,  .        f 

Silicate  of  alumina,       1-95 


The  carbonate  of  potassium  is  produced  in  the  incineration  from  the  vegetable  salts  (citrate, 
malate,  tartrate  of  potassium).  An  analysis  of  Vo^rs  ^ves  no  less  than  21  per  cent  of  carbonate 
of  potassium  and  84  per  cent,  of  carbonate  of  sodmm  m  100  of  ash. 

t  Baumd's  or  Twaddell's  hydrometers  ore  the  best  for  the  purpose. 
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quite  accurate,  but  in  the  absence  of  proper  instruments  it  is  the  only  plan  I 
can  devise. 

Cooking  of  Potatoes. — The  skins  should  not  be  taken  off,  or  a  large  amount 
of  salts  passes  into  the  water  ;  using  salt  water  is  a  good  plan,  as  fewer  of  the 
salts  then  pass  out.  The  boiling  must  be  complete,  as  the  starch-grains  are 
otherwise  undigested,  and  it  must  be  slow,  eLse  the  cellulose  and  albuminates 
are  hard.  Steaming  potatoes  is  by  far  the  best  plan  ;  the  heat  must  be 
moderate  ;  the  steam  penetrates  everywhere,  and  there  is  no  loss  of  salts. 

Preservation  of  Potatoes, — Sugar,  in  the  form  of  molasses,  is  the  beet  plan 
on  a  large  scale  ;  a  ca£ik  is  filled  with  alternate  strata  of  molasses  and  peeled 
and  sKced  potatoes.  On  a  small  scale,  boiling  the  potatoes  for  a  few  minutes 
will  keep  them  for  some  tima  Free  exposure  to  air,  turning  the  potatoes  over 
and  at  once  removing  those  that  are  bad,  are  useful  plans.* 

The  preserved  potatoes  are  sliced,  dried,  and  granulated,  and  when  well 
prepared,  are  extremely  useful 

The  Sweet  Potato  and  the  Yam  are  somewhat  similar  to  the  ordinary 
potato ;  see  below  in  foot-note,  f 

Sub-Sbotion  IL — ^Otheb  Ysgetablbs. 

The  composition  of  Carrots  and  of  Cabbage  has  been  already  given  (p.  195). 
Two  or  three  of  the  common  kinds  of  vegetables  may  be  added — 


Water. 

Albumen 

and 
Caaeln. 

starch. 

Sagar,  and 

Dextrin. 

Fit 

Woody 
Fibre. 

Minena 
Snbatanoes. 

Turnip      {BroMfioa ) 

rapa). 
Parsnip   (Pastinaea 

aativa), 
Jerusalem  artldioke  j 

{ffelianthus  tube-  > 

r08U8\           .           .  ) 

90-60 
82*04 

76-85 

1-100 
1-216 

0-900 

4-000 
6-889 

19-000 

... 
0-646 

0-900 

2*400 
8*022 

1*220 

0-600 
1-041 

1-610 

Other  vegetables  contain  special  ingredients,  such  as  asparagin  in  asparagus 
(a  small  amount  is  ako  contained  in  potatoes),  wax,  pectin,  which  is  a  little 
more  oxidised  than  starch  or  sugar ;  or  peculiar  oils  and  savoury  or  odoriferous 
matters. 

On  account  of  its  volatile  oils,  the  onion  tribe  is  largely  used,  and  is  a 
capital  condiment,  and  has  an  effect  as  an  anti-scorbutic. 

*  In  the  Crimean  war  there  was  a  considerable  loss  of  potatoes  sent  np  to  Balaklava,  and  at 
a  time  when  the  men  were  most  in  need  of  them.  The  addition  of  sugar  to  the  raw  potatoes 
might  have  been  made. 


t  BwxRT  Potato  (Convolvxtlub  Batata). 
Ck)mpo8ition  per  cent. — 


Water, 
Starch, 
Sugar, 
Pectic  rcid, 


67-6  to  78 
18    to  16 

6    to  10 

1-2 


Albumen, 
Fat, 
Salts, 
Celltdose, 


1-5 

•8 

2-9 

2-5 


This  vegetable  is  very  rich  in  sugar  and  in  saltis.    It  ma^  be  usefully  'employed  for  soldiers, 
wherever  it  can  be  procured,  in  Ueu  of  potatoes,  for  some  tuie. 


•Composition—    • 
Water,       .    ■ 
Albuminates, 
Starch,      . 
Su^ar, 


TaM  pIOBCORKA  SaTIVA). 


74 

2 

16 


Pectin, 
Cellulose, 
Fat, 
BslU, 


2-8 

2-2 

•6 

1-3 


This  also  is  a  useful  vegetable,  though  inferior  to  the  potato  and  batata.     It  is  laigely  uwd 
for  soldiers  in  the  West  and  East  Indies. 
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Onion  contains  some  citrate  of  lime. 

There  are  many  vegetables  wbicli  can  be  employed  as  anti-scorbutics  besides 
potatoes,  onions,  and  green  vegetables.  The  wild  artichoke  and  the  Agave 
americana  (cactus)  are  botb  excellent  anti-scorbutics,  and  the  latter  is  said  to 
be  better  than  lime  juice.  Sorrel,  and  in  a  less  degree  scurvy-grass  and 
mustard  and  cress,  are  useful  In  New  Mexico  a  salad  made  of  the  '^  lamb's 
quarter"  {Ghenopodium  alburn)  has  been  foimd  very  useful* 

In  war  almost  any  kind  of  vegetables  may  be  used  rather  than  that  the 
troops  should  be  left  without  such  food.  In  one  of  the  Ca£&e  wars,  an 
African  corps  kept  free  from  scurvy  by  using  a  sort  of  grass  (?)  in  their 
soup. 

The  dried  vegetables,  and  especially  the  dried  potato,  have  considerable 
anti-scorbutic  powers  (Armstrong).!  The  dandelion  was  largely  used  in  the 
French  army  in  the  Crimean  war.  The  American  Indians  put  up  for  winter 
quantities  of  dried  plums,  bufCetlo  berries,  and  choke  berries,  and  thus  escape 
scurvy  ("  Hamilton's  MiL  Surg."  p.  212). 

If  vegetables  cannot  be  procured,  citrate,  tartrate,  and  lactate  of  potassium 
should  be  given. 

SECTION  XL 

COW'S  MILK. 

A  cow  gives  very  variable  quantities  of  milk,  according  to  food  and  race, 
and  age  of  the  calf ;  perhaps  20  to  25  pints  in  twenty-four  hours  is  the  average 
for  the  year,  but  with  poor  feeding  it  will  fall  much  below  this ;  occasionally 
a  cow,  soon  after  calving,  wiU  give  50  pints,  but  this  is  not  common.  A  goat 
will  give  6  to  8  pints. 

Sub-Sbotion  L — ^MiLK  AS  AN  Abtiole  of  Diet. 

Milk  contains  all  the  four  classes  of  aliment  essential  to  healtL  Being 
intended  especially  for  feeding  during  growth,  the  proportions  of  nitrogenous 
substances  and  fat,  as  compared  to  sugar,  are  large. 

Average  composition  of  Unskimmed  Milk. — A  certain  proportion  between 
the  casein,  fat,  and  sugar  must  exist 


Per  cent. 
Specific  gravity, 
1080.        1026. 


Casein,  ...     4  3 

Fat, ....     3-7         3-9 
Lactin,  ...     5  3*9 

The  casein  is  by  some  supposed  to  be  a  combination  of  albumen  with 
potash  (Hoppe-Seyler). 


Per  cent    '' 
Specific  gravity, 
1030.        1026. 

Salts,.     .     .         -6  -5 

Total  solids,      13-3t        9-9 
Water,    .     .     86-7       90-1 


*  MH  Med.  and  Surg.  Essays  prepared  for  the  U.S.  Sanitary  Com.  1864,  p.  202. 

-f-  Naval  Hygiene  p.  112.  In  the  American  war,  however^  the  anti-scorbutic  effiocts  of  the 
dried  regetables  were  not  found  to  be  very  great.  I  found  that,  in  a  sound  raw  potato,  the  amount 
of  free  and  combined  acid  (reckoned  as  citric)  was  0*4503  per  cent. ;  and  that  in  the  preserved 
potato  used  in  the  Arctic  Expedition  f  1875-6)  it  was  1  '085;  or  in  the  ratio  of  1  to  2*4.  From  this 
we  find  that  7  ounces  of  the  preservea  potato  contained  the  eaui  valent  of  81}  grains  of  citric  acid, 
or  one  ounce  of  navy  lime  juice.  The  ration  usually  issued  (2  to  4  ounces)  ia,  therefore,  too 
small,  unless  other  antiscorbutics  be  given.  (See  report  of  Committee  on  Scurvy,  Appendix, 
ziiL  365.)    (F.  deC.) 

X  Wanklyn  considers  average  country  milk  to  contain  12*5  per  cent,  of  solids,  of  which  3*2 
parts  are  fat,  and  9*8  are  solids  not  fat.  The  Society  of  Pubbo  Analysis  proposed,  as  a  mini- 
mum, for  new  milk,  9'  per  cent  of  solids  not  fat^  and  2*5  of  fat ;  for  skim  miUc,  9-0  solids  not  fati 
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In  addition  to  casein,  a  small  quantity  of  true  albumen  lemains  in  solution 
after  the  casein  has  been  thrown  down,  and  there  is  also,  according  to  Millon,* 
another  albuminoid  substance,  which  he  calls  lactoprotein.  In  cow's  milk 
the  amount  of  albumen  is  said  to  be  5*25  grammes  per  Htre ;  the  amount  of 
lactoprotein  is  much  smaller,  but  has  not  been  very  precisely  determined.! 

The  amount  of  salts  varies  from  *5  to  *8  per  cent.,  but  seldom,  if  ever, 
exceeds  1  per  cent  This  is  of  importance  in  the  detection  of  adulteration  by 
salts.     In  poor  milk  the  salts  may  be  as  low  as  *3  per  cent 

Milk  is  very  largely  used  in  some  countries,  especially  in  India  and  Tartaiy, 
where  the  use  of  the  koumiss,  prepared  from  mare's  nulk,  has  been  supposed 
to  prevent  phthisis. 

Milk  varies  in  quantity  and  composition  according  to — Isty  the  age  of  cow ; 
2d,  the  number  of  pregnancies,  less  nulk  being  given  with  the  first  calf 
(Hassall) ;  3^^,  to  the  age  of  the  calf,  being  at  first  largely  mixed  with 
colostrum ;  4^^  to  the  kind  of  feeding,  beet  and  carrot  augmenting  the  sugar  ;| 
5f.h,  and  remarkably,  according  to  the  race,  some  cows  giving  more  fat  (as 
Aldemeys),  others  more  casein  (as  the  long-horns).  The  last  portion  of  the 
milk  given  in  milking  is  richest  in  cream  (Hassall). 

Wanklyn  states  that  the  proportion  of  solids  is  more  stable,  and  never  falls 
below  11-5  per  cent  In  Sweden,  the  milk  of  a  herd  of  cows  being  analysed 
daily  for  a  year,  the  solids  never  fell  to  11*5,  and  only  4  times  to  12  per  cent. 
(Wanklyn). 

The  goat's  milk  is  rather  richer  in  solids  (14*4  per  cent — Payen),  and  con- 
tains also  a  peculiar  smelHng  acid  (hircine  or  hircic  add).  Specific  gravity, 
1032-1036. 

Ass's  milk  is  rather  poorer  in  solids  (9*5  per  cent — Payen).  This  is  owing 
to  a  small  amount  of  casein  and  fat ;  it  is  rich  in  lactin.  The  specific  gravity 
varies  from  1023  to  1036. 

The  buffalo  milk  is  richer  in  aU  the  ingredients. 

Taking  the  total  solids  of  cow's  milk  at  only  ten  per  cent,  (specific  gravity 
1026),  one  pint  (20  ounces)  will  contain,  in  round  numbers — 

Casein,  ......  262  grains. 

Fat, 217     „ 

Lactin,  ......  341     „ 

Salts,  42     „ 

Total,         ...         862 

or  very  nearly  2  ounces  avoir,  of  water-free  food. 

To  give  23  ounces  of  water-free  food  (or  one  day's  allowance  for  an 
adult),  rather  more  than  11  pints  of  milk,  of  specific  gravity  1026,  are 
necessary.  For  an. adult  this  would  be  far  too  much  water,  and  the  &t  would 
be  in  great  excess.  But  for  the  rapid  formation  find  elimination  of  the 
young,  the  water  and  fat  are  essential  It  is  a  question  whether,  in  old  ago, 
large  quantities  of  milk  might  not  be  a  remedy  for  failures  in  tissue  formation 
and  elimination.  § 

*  Comptes  Rendns,  t  liz.  p.  896. 

t  Commaille  (Comptes  Bendiu,  Nov.  9, 1868)  found  creatinine  in  some  pntrid  milk,  derived, 
he  thinks,  ftt)m  creatin.  He  admits  also,  after  Lefort,  that  there  is  a  little  urea.  He  found 
also  some  organic  acids,  the  nature  of  which  is  doubtftd. 

X  Some  observations  of  Dr  Subbotin  (Virchow's  Archiv,  band  izivL  p.  561)  on  the  milk  of 
bitches,  show  a  marked  effect  by  food ;  the  fat  was  much  increased  by  meat ;  the  casein  was 
less  affected ;  a  large  quantity  of  fat  greatly  lessened  the  secretion. 

I  'lliis  was  a  point  debated  by  Qalen,  io  old  is  this  suggestion.  It  is  still  undecided.  Some 
ola  persons  cannot  digest  milk. 
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SubSbotion  IL — Altbbations  of  Milk. 

The  cream  rises  in  from  four  to  eight  hours ;  it  is  hastened  by  adding 
warm  water,  but  its  quantity  is  not  increased  (Hassall). 

Milk  alters  on  standing ;  it  absorbs  oxygen,  and  gives  off  carbonic  acid ; 
placed  in  contact  with  a  volume  of  air  greater  than  its  own  bulk,  it  absorbs 
all  the  oxygen  in  three  or  four  days  (Hoppe-Seyler).  The  carbonic  acid  is 
formed  at  the  expense  of  the  oi^anic  matter  (probably  casein — Hoppe-Seyler), 
and  bodies  richer  in  carbon  and  hydrogen  are  formed ;  fat  increases  in  amount, 
and  oxalic  acid  is  said  to  be  formed 

Subsequently  lactic  acid  is  formed  in  large  quantities  from  the  lactin ;  the 
milk  becomes  turbid,  and  finally  casein  is  deposited  The  cream  which  had 
previously  risen  to  the  surface  disappears. 

MUk  given  by  diseased  Cows, 

Milk  from  diseased  animals  soon  decomposes ;  it  may  contain  colostrum,  or 
heaps  of  granules  collected  in  roundish  masses,  pus  cells,  or  epithelium,  and 
occasionally  blood.  It  then  soon  becomes  acid,  and  the  microscope  usually 
det^ts  abnormal  cell  forms,  and  casts  of  the  lacteal  tubes. 

In  cattle  plague,  it  is  said  by  Husson  that  the  lactin  lessens,  while  the 
nitrogenous  matters  are  increased,  and  blood  and  aggregated  granules  are  seen 
under  the  microscope.  In  footnand-mouth  disease  the  specific  gravity  rapidly 
falls  (from  1030  to  1024),  though  this  is  not  invariable ;  there  are  granular  heaps 
under  the  microscope,  and  often  blood  or  pus  cells ;  Mr  M^Bride  says  pus  can 
be  found  for  a  month  after  recovery.  Bacteria  and  small  oval  and  round  cells. 
are  common.  Figures  of  the  microscopical  appearances  are  given  in  some  very 
good  papers  on  the  subject  in  the  British  Medical  Journal^  Oct.  1869.  The 
milk  sometimes  coagulates  on  boiling. 

SuB-SxcTioN  ILL — Examination  of  Milk. 

This  is  intended  first  to  determine  the  quality.  Put  some  of  the  milk  in 
a  long  glass,  which  is  graduated  to  100  parts ;  a  100  centimetre  or  litre 
measure  will  do,  or  a  glass  may  be  specially  prepared  by  simply  marking  with 
compasses  100  equal  lines  on  a  piece  of  paper,  and  gumming  it  on  the  glass. 
Allow  it  to  stand  for  twenty-four  hours  in  a  cupboard  secured  from  currents 
of  air.  By  this  means  the  percentage  of  cream  can  be  seen,  and  the  presence 
of  deposit,  if  any,  observed.  There  should  be  no  deposit  till  the  milk  decom- 
poses \  if  there  be,  it  is  probably  chalk  or  starch. 

The  cream  should  be  from  j^ths  to  -nnr^^  >  ^^  ^  generally  about  y^xr^^  y 
in  the  milk  of  Aldemey  cows  it  will  reach  ^nr^^  ^^  -nnr^^*  ^^  ^^^  ^^ 
year  (as  influencing  pasture),  and  the  breed,  should  be  considered.''^ 

While  this  is  going  on,  determine — 

1.  The  Physical  Characters, — Placed  in  a  narrow  glass,  the  milk  should  be 

*  Mr  Oareide  (Pharmaoeutieal  Journal,  Jan.  25,  1873)  states  that  more  cream  is  thrown 
up  at  a  low  than  a  high  temperature  ;  at  43"  Fahr.  there  were  i^^ths  of  cream  ;  at  55°  only 
f^ths  in  the  same  milk.  I  have  not  found  quite  the  same  results,  and  on  repeating  the  ex. 
periments,  it  is  clear  that  great  care  is  necessary.  If  the  temperature  of  the  milk  alters  (which 
18  often  the  case  with  laboratory  experiments  at  high  temperatures),  there  are  circulatory  cur- 
rvnts  in  the  milk  which  greatlr  affect  the  rising;  of  the  cream ;  sometimes  they  hinder,  and 
perhaps  sometimes  accelerate  it.  But  if  the  milk  is  shielded  fh)m  currents  of  air  and  from 
radiated  heat,  the  amount  of  cream  between  the  temperatures  of  45^  and  65°  is  practicaUy  the 
same.  It  is  to  secure  it  from  currents  of  air  that  the  graduated  lactometer  is  ordered  to  be 
pat  in  a  cupboard.  With  regard  to  time,  the  cream  has  usually  thoroughly  risen  in  from  four 
to  six  hours.  In  twenty-four  hours  it  reads  about  ^ih  less  than  at  four  hours,  probably 
^rom  condensation  or  aggregation  of  the  fat  particles. 


39' F. 
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quite  opaque,  of  full  white  colour,  without  deposit^  without  peculiar  smeU  or 
taste.     AVlien  boiled  it  should  not  change  in  appearance. 

2.  Reaction, — Reaction  should  be  shghtly  acid  or  neutral,  or  very  feebly 
alkaline ;  if  strongly  alkaline,  either  the  cow  is  diseased  (1)  or  there  is  much 
colostrum,  or  carbonate  of  soda  has  been  added. 

3.  Specific  Oravity, — The  specific  gravity  varies  from  1026  to  1036.  A 
very  large  quantity  of  cream  lowers  it,  and  after  the  cream  is  removed,  the 
specific  gravity  may  rise,  under  ordinary  circumstance,  about  2°.*  The 
average  specific  gravity  of  unskimmed  milk  may  be  taken  as  1030  at  60** 
Fahr.,  and  the  range  is  nearly  4°  above  and  below  the  mean.  It  varies  with 
temperature,  so  that  in  the  tropics  the  medical  officer  wOl  have  to  aUow  for 
this  difference.  The  following  are  the  relative  degrees  of  a  milk  that  shows 
1030  at  60°  Fahr.,  and  1031  at  39°  Fahr.,  (maximum  density-point  of  water)  : — 

80°  F.     =     1027-6 

90°  F.     =     1025-8 

100°  F.     =     10240 

The  addition  of  water  is  best  detected  by  the  specific  gravity.  At  60°  Fahr. 
there  is  a  loss  of  3°  for  every  10  per  cent,  of  water  added.  !N'o  doubt  the 
method  is  not  perfect^  but  its  ease  of  application  strongly  recommends  it. 

4.  Examine  chemically  for  the  Amount  of  the  Different  Constituents — 

(a)  Total  solids. — Evaporate  a  known  weight  to  dryness,  and  weigh. 
Calculate  the  percentage.  The  heat  must  not  exceed  240°  Fahr.  As  it  is 
difficult  to  dry  it  thoroughly,  the  result  is  only  approximative.  Wanklyn 
recommends  6  C.C.  to  be  employ ed,  and  the  drying  carried  on  in  a  water- 
bath  for  3  hours  at  212°  Fahr. 

[6)  Ash. — Incinerate  the  dried  solidfl,  and  weigh. 

[c)  Casein. — ^Take  a  weighed  or  measured  quantity ;  add  two  or  three  drops 
of  acetic  acid,  and  boiL  Add  a  good  deal  of  water;  allow  to  stand  for 
twenty-fours  hours  ;  pour  off  the  supernatant  fluid  ;  wash  the  precipitate  well 
with  ether  at  80° ;  d^,  and  weigh.  Calculate  the  percentage.  It  is  difficult 
to  entirely  free  it  from  fat.  Wanklyn  recommends  the  albuminoid  ammonia 
process,  as  in  the  case  of  nitrogenous  matter  in  water :  1  part  of  casein  yield- 
ing 0*066  of  ammonia. 

(d)  Evaporate  the  ether,  and  weigh  the  fat  Wanklyn  recommends 
extracting  the  fat  from  the  total  dried  soKds  by  means  of  ether,  evaporating, 
and  weighing.  This  requires  care,  however,  and  the  same  result  can  be  given 
by  the  employment  of  an  instrument  called  a  lactoscope,  which  measures  the 
degree  of  transparency.  The  lactoscope  of  Donn^  has  been  lately  improved 
by  Vogel,  and  this  simple  plan  can  be  recommended  for  ascertaining  the 
amount  of  fat  in  milk. 

Vogel's  instrument  consists  of  a  little  cup,  formed  by  two  parallel  pieces  of 
glass,  distant  |  a  centimetre  (  =  *1968  inches,  say  ^ths  of  an  inch)  from  each 
other,  and  closed  everywhere  except  at  the  top,  so  as  to  form  a  little  vessel ; 
a  glass  graduated  to  100  C.C,  and  a  little  pipette,  which  is  divided  to  |  C.C., 

*  Dr  Davies  records  a  case  where  the  specific  graTitv  was  1024*6 ;  there  was  17  per  cent,  of 
cream,  and  the  solids  were  16*25.  A  case  of  this  kind  cannot  mislead  if  the  amount  of  cream 
is  determined.  Davies  recommends  that  the  specific  gravity  of  the  whey  should  be  taken ;  he 
says  it  is  very  constant  between  1026  and  1028. 

In  one  sample  I  examined  the  specific  gravity  was  1020,  and  the  cream  -^f^,  the  specific  gravity 
of  the  skimmed  milk  was  1028*9.  Another  sample  gave :  specific  gravity  1017*6,  cream  .j^  ; 
specific  gravity  of  skimmed  milk,  1032*76.  Another  sample  (which  purported  to  be  the  same 
ae  the  last)  gave  a  specific  gravity  of  1018*84,  but  the  cream  was  omy  y^  ;  in  this  case  the 
greater  port  of  the  cream  had  been  removed^  and  about  60  per  cent,  of  water  added.    (F.  de  O.  \ 
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are  also  leqnirecL  Water  (100  C.C.)  is  placed  in  the  measnie,  and  2  or  3 
C.C.  of  mi&  (which  should  he  at  first  agitated,  so  as  to  mix  any  separated 
cream)  are  added  to  it.  The  parallel  glass  cup  is  then  filled  with  this  diluted 
milk,  and  a  candle  placed  ahont  one  metre  from  the  eye  (»39'37  inches)  is 
looked  at  in  a  rather  darkened  room ;  if  the  flame  of  the  candle  is  seen,  the 
milk  is  poured  hack  into  the  large  measure ;  more  milk  is  added  to  it^  and  it 
is  poured  again  into  the  parallel  glass,  and  the  light  is  again  looked  at ;  the 
experiment  ends  when  the  contour  of  the  light  is  completely  obscured.  The 
candle  should  be  a  good  one^  but  the  difference  in  the  amoiint  of  light  is  not 
material  The  percentage  amount  d  fat  in  the  milk  is  then  calculated  by  the 
following  formula  (which  has  been  determined  by  a  comparison  of  the  results 
of  the  instrument,,  and  of  chemical  analysis) :  x  being  the  quantity  of  fat 
sought^  and  m  the  number  of  C.C.  of  milk  which  add^  to  the  100  C.C.  of 
water  suffice  to  obscure  the  light. 

aj-i?:?  +0-23. 


m 


If,  for  example,  3  C.C.  of  milk,  added  to  the  100  of  water,  were  sufficient 
to  obscure  the  lights  the  percentage  of  fat  is — 


05  = 


=  i|l  +  23  «  7-96  per  cent 


From  this  formula  the  following  table  has  been  calculated,  which  enables 
us  to  read  off  at  once  the  percentage  of  fat  : — 
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If,  for  example,  1  cubic  centimetre  of  milk  to  100  of  water  obscures  the 
lights  the  percental  of  fat  is  23*43 ;  if  8  cubic  centimetres,  added  to  100  of 
water,  are  needed  to  obscure  the  light,  the  percentaga  is  3-13,  &c. ;  so  that  in 
four  or  five  minutes  an  analysis  of  the  Tnilk  is  made,  as  far  as  the  fat  is  con- 
cerned. 

The  advantage  of  this  is  obvious,  both  in  detecting  the  removal  of  cream, 
and  in  seeing  if  milk  is  rich  in  butter.  Wanklyn  states  that  0*2  grammes  of 
fat  equal  1  gramme  of  cream. 


264  FOOD. 

(e)  Determine  the  amount  of  lactin  by  the  dacehorometer,  or  hj  the  copper 
solution.*  To  do  this,  take  10  C.Q  of  milk,  add  a  few  drops  of  acetic  acid, 
and  warm— ^this  coagulates  the  casein  with  the  fat ;  then  make  up  to  100  C.C. 
with  distilled  water,  filter,  and  put  the  filtered  whey  (which  ought  to  be  as 
clear  as  possible)  into  a  burette.  Take  10  G.C.  of  standard  copper  solution 
(see  below),  put  it  in  a  porcelain  dish,  and  add  20  or  SO  CO.  of  distilled 
water ;  boil ;  as  soon  as  it  is  in  brisk  ebullition  drop  in  the  whey  from  the 
burette ;  take  care  that  the  liquid  is  boiling  all  the  time ;  continue  the  process 
until  the  copper  is  all  reduced  to  red  suboxide  and  no  blue  colour  remains  in 
the  supernatant  liquid  ;  but  stop  before  any  yellow  colour  appears.  Bead  off 
the  amount  of  whey  used,  and  divide  by  10 ;  the  result  is  the  amount  of  milk 
which  exactly  decomposes  10  CO.  of  the  copper  solution.  The  10  CO.  of 
the  copper  solution  are  equal  to  '0667  grammes  of  lactin.  The  amount  of 
lactin  in  the  10  C.G.  of  rnillr  is  then  known  by  a  simple  rule  of  three ;  and 
the  amount  in  100  C.C.  of  milk  is  at  once  obtained  by  shifting  the  decimal 
point  one  figure  to  the  right. 

Example : — 15  C.C.  of  diluted  whey  were  required  to  reduce  the  10  C.C. 

15 

of  copper   solution;    _  =  1*5  the  amount  of  original  milk;  0*0667  -5- 

1-5  =  0-0445  grammes  of  lactin  in  1  C.C.  ;  therefore  0-0445  x  100  =  4-45  per 
cent. 

Preparation  of  the  (hpper  Solution, — ^Take  34-64  grammes  of  pure  sulphate 
of  copper,  and  dissolve  in  about  200  C.C.  of  water ;  dissolve  in  another  vessel 
173  grammes  of  tartrate  of  soda  and  potash  in  480  C.C.  of  solution  of  caustic 
soda  (or  potash,  if  the  caustic  soda,  as  is  probable,  is  not  in  the  surgery);  mix 
slowly,  and  dilute  with  distilled  water  to  one  litre. 

1  C.C.  =  0-00500  grammes  of  glucose. 
1  C.C.  =0-00667  grammes  of  lactin. 

5.  Examine  the  Milk  microscopicaUy, — The  only  constituents  of  milk  are 
the  round  oil  globules  of  various  sizes  in  an  envelope  and  a  little  epithelium. 
The  abnormal  constituents  are  epithelium  in  large  amount,  pus,  conglomerate 
masses,  and  casts  of  the  lacteal  tubules.  The  added  ingredients  may  be 
starch  grains,  portions  of  seeds,  and  chalk  (round  and  often  highly  refracting 
bodies,  with  often  a  marked  double  outline,  and  at  once  disappearing  in  acid). 
Colostrum,  occurring  for  three  to  eight  days  after  the  birth  of  the  calf,  is 
composed  of  agglomerations  of  fat  vesicles  united  by  a  granular  matter. 
Infusoria  are  sometimes  found  in  milk,  and  fungi  (Oidium  lactis  and 
Penicillium)  are  so  almost  invariably,  if  the  milk  has  been  keptf 

If  milk  is  agitated  with  three  or  four  volumes  of  carbon  bisulphide,  and 
then  allowed  to  stand,  the  sulphide  separates  highly  charged  with  an  aromatic 
matter,  which,  on  spontaneous  evaporation,  can  be  obtained  as  an  unctuous 
imponderable  residue,  which  possesses  the  aroma  of  the  food  of  the  animal 
(MiUon). 

Scheme  for  a  Six  or  t  Examdnation. 

As  a  medical  officer  is  constantly  called  upon  to  examine  milk,  and  will 

*  Wanklyn  recommends  dissolving  out  the  lactin  from  the  solids  (after  the  fat  is  removed)  by 
means  of  alcohol,  evaporating  and  weighing ;  then  incinerating ;  the  difference  gives  the 
amount  of  lactin.  This  seems  on  the  whole  less  convenient  for  the  medical  officer  than  the 
copper  test.  Macnamara  (Indian  Medical  Gazette,  1878)  uses  alcohol  for  extracting  the  lactin, 
but  determines  it  by  Fehling's  test. 

t  Dr  Willard  of  Cornell  university  notes  the  experience  of  Professor  Law,  who  observed  a 
peculiar  ropy  material  in  milk,  and  traced  it  to  cows  drinking  stagnant  water  containing  organ- 
isms similar  to  those  found  in  the  milk ;  a  drop  of  this  water,  put  unto  good  milk,  soon  devel- 
oped these  organisms.  The  cows  were  .feverish.  (Dr  John  Ogle,  Journal  of  the  Agricultural 
Society,  Nov.  16.  1872;  Lancet,  Oct.  11, 1873.) 
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seldom  havB  time  to  go  thorongbly  into  all  the  points  just  noted,  the  follow* 
ing  short  scheme  will  bo  useful : — 

1.  Put  some  milk  into  the  long  graduated  glass  for  deposit^  and  for  deter- 
mining percentage  of  cream.* 

2.  TiE^e  physical  characters,  reaction,  and  speciiic  gravity.  Take  specific 
gravity  of  the  whey,  if  there  be  time  to  do  this. 

3.  Determine  fat  by  Yogel's  milk-test.* 

The  comparison  of  the  speciiic  gravity,  and  the  amount  of  cream  which 
rises,  or  of  fat,  will  be  found  to  give,  in  conjunction  with  the  physical 
characters^  a  very  good  idea  of  the  quality  of  the  milk. 

Sub-Sbotiok  rv. — Prbsbbvation  of  Mile. 

1.  Boiled,  the  bottle  quite  filled,  and  at  once  corked  up  and  well  sealed,  the 
milk  lessens  in  bulk,  and  a  vacuum  is  formed  above.  It  will  keep  for  some 
time.  A  little  sugar  aids  the  preservation*  If  the  heat  is  carried  in  a  close 
Tesael  to  250*  Fahr.,  the  milk  is  preserved  for  a  very  long  time,  even  for 
years ;  the  butter  may  sepcuate,  but  this  is  of  no  consequence. 

2.  Sulphurous  acid  pa^ed  through  it,  or  sulphite  of  soda  added.  This  may 
be  done  after  boiling. 

3.  A  little  carbonate  of  soda  and  sugar  added,  with  or  without  boUing. 
This  will  keep  for  ten  days  or  a  fortnight. 

In  the  market  are — ^milk  in  tins,  preserved  in  the  usual  way  by  exclusion 
of  air,  concentrated  Tm'llr  mixed  with  sugar,  and  desiccated  or  dried  nulk. 
This  last  is  milk  carefully  dried  at  a  low  temperature,  with  a  little  sugar. 
Dissolved  in  water,  it  forms  an  excellent  milk.  (See  Concentrated  Food 
p.  276). 

The  preserved  liquid  milk  often  has  the  butter  separated ;  if  so,  it  may  be 
spread  on  bread.  It  is  not  easy  to  remix  it  with  milk,  but  it  is  said  that  the 
separation  may  be  prevented  by  adding  a  little  yolk  of  egg. 

Sub-Sbotion  V. — ^Adulterations. 

1.  Water. — ^This  is  extremely  common,  and  is,  in  fact,  generally  the  only 
adulteration ;  it  is  best  detected  by  specific  gravity  or  evaporation.  "Wanklyn 
suggests  the  amount  of  ash  as  a  good  test  of  watering  ;  the  normal  ash  being, 
according  to  him,  about  0'73  per  cent. 

2.  Starch,  dextrin,  or  gum,  to  conceal  the  thinness,  and  the  bluish  colour 
produced  by  water.  Not  a  common  adulteration.  Add  iodine  at  once  for 
starch  ;  boil  with  a  drop  of  acetic  acid,  and  add  iodine  for  dextrin,  or  add 
acetate  of  lead  and  then  ammonia,  a  white  precipitate  falls. 

3.  Annatto  or  turmeric  is  added  to  give  colour.  Liquor  potasssB  at  once 
detects  turmeric.  By  boiling  the  Tnilk^  the  colouring  matter  remains  in  the 
eerom. 

4.  Emulsions  of  seeds  (hemp  or  almond),  added :  this  is  uncommon.  BoiL 
The  albumen  of  the  seeds  coagulates ;  the  milk  will  not  mix  with  tea.  Hemp 
seed  gives  an  unpleasant  odour  to  the  milk  (Normandy). 

6.  Chalk,  to  neutralise  acid,  and  to  give  thickness  and  colour.  Let  it  stand 
for  deposit ;  collect  and  wash  deposit,  and  add  acetic  acid  and  water ;  after 
effervescence  iilter,  and  test  with  oxalate  of  ammonium. 

6.  Carbonate  of  sodium.     Very  difl&cult  of  detection  unless  the  milk  be 

*  Macnamara  (Indian  Medical  Gazette ;  187S)  finds  that  the  cream  ifl  not  very  useful  in  India 
as  a  test,  the  rapid  coagulation  of  the  milk  preventing  it  rising;  similarly  Vogel's  test  does  not 
give  satisfactory  results.  It  vould,  therefore,  be  necessary  to  determine  the  constituents  by 
the  chemical  methods  if  possible. 
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alkaline.  Determine  the  asb,  and  see  if  it  effervesces  ;  if  so,  either  some  car-^ 
bonate  has  been  added,  or  if  the  soda  have  united  with  lactic  acid,  this  will 
be  converted  into  carbonate,  and  enough  lactic  acid  to  give  an  effervescing  ash 
does  not  exist  in  good  milk. 

7.  Milk  is  often  boiled  to  preserve  it ;  it  may  then  take  up  from  the  vessel 
lead,  copper,  or  zinc,  if  these  metals  are  used. 

Cream  is  adulterated  or  made  with  carbonate  of  magnesia,  tragacanth,  and 
arrowroot  The  microscope  detects  the  latter,  and  particles  of  carbonate  of 
magnesia  (round)  can  also  be  seen  and  be  found  to  disappear  with  a  drop  of 
acid.     It  is  also  said  that  yolk  of  egg  is  added  both  to  cream  and  milk.* 

Sub-Sbction  VL — ^Effbotb  of  Bad  Milk. 

Professor  Moslerf  has  directed  attention  to  the  poisonous  effects  of  "  blue 
milk,"^  that  is  to  say,  milk  covered  with  a  layer  of  blue  substance,  which  is 
in  fact  a  fungus,  either  the  Oidium  lactis  or  PeniciMium^  which  seems  to  have 
the  power,  in  certain  conditions,  of  causing  the  appearance  in  the  milk  of  an 
anilme-like  sub8tance.§  The  existence  of  this  form  of  fungus  was  noted  by 
Fuchs  as  long  ago  as  1861.  Milk  of  this  kind  gives  rise  to  gastric  irritation 
(first  noted  by  Steinhof)  ;  and,  in  four  cases  mentioned  by  Mosler,  it  pro- 
duced severe  febrile  gastritis. 

Milk  which  is  not  blue,  but  which  contains  large  quantities  of  Oidium, 
appears  from  Hessling's  observations  ||  to  produce  many  dyspeptic  symptoms, 
and  even  cholera-Hke  attacks,  as  well  as  possibly  to  give  rise  to  some  aphthous 
affections  of  the  mouth  in  children. 

Milk  contaminated  with  pus  from  an  inflammed  udder,  or  an  abscess  on  the 
udder,  will  give  rise  to  stomatitis  in  children,  and  to  aphthse  on  the  mucous 
membrane  of  the  lips  and  gums.  IT 

There  has  been  much  discussion  whether  the  milk  from  foot-and-mouth 
disease  in  cows  (Eczema  epizootica)  can  cause  affections  of  the  mouth,  or  give 
rise  in  human  beings  to  any  disease  similar  to  that  of  cattle.  Pigs  can 
certainly  get  the  disease  from  the  milk  of  the  cow  ;  sheep  and  hares,  which 
also  have  the  disease,  perhaps  got  it  from  the  saliva  on  herbage.  In  men  the 
evidence  is  discordant^  and  in  a  great  measure  negative,**  still  there  are  some 
striking  cases,  which  seem  to  me  sufficient  to  prove  that  disease  of  the  mouth 
(aphthous  ulceration,  general  redness,  diphtheritic-like  coating,  swollen  tongue) 
and  sometimes,  though  rarely,  an  affection  of  the  feet  may  occur,  ft  Some  posi- 
tive evidence  has  been  adduced  by  Professor  M'BrideJ  J,  Gooding,§§  Hislop,!!  || 


*  Mr  Bottle,  Pharmacentical  Journal.  February  1878. 

t  Virchow's  Archiv,  band  xlUi.  p.  161  (1868). 

X  Blue  milk  is  given  by  feeding  cows  with  some  vegetable  substances,  as  Myasotit  pahutris, 
Polygonum  aviculare.  and  Ftigopyrum,  Mereurialis  perennis,  and  other  plants  (Mosler) ;  but 
this  is  Afferent  from  the  blue  colour  referred  to  above. 

§  Ei-dmann  (Journal  fiir  Prakt  Chem.,  xciz.  v.  885,  quoted  by  Mosler)  has  discovered  that 
vibriones  have  the  power  of  producing  aniline-CQlouring  matter  from  protein  substances. 

II  Virchow*s  Archiv,  band  xzxv.  p.  561.  See  also  my  Report  on  Hygiene,  Army  Medical 
Report,  vol.  vi.  p.  885. 

it  See  a  good  case  by  Dr  Fagan  (British  Med.  Journal,  Nov.  18, 1869). 

**  See  Dr  Thome's  paper  in  the  Report  of  the  Medical  Officer  to  the  Privy  Council,  p.  294, 
and  Mr  Simon's  remarks  on  it,  p.  62.  Also  my  Report  on  Hygiene,  Army  Med.  Blue  Book, 
vol.  z.  p.  228.  Dr  Lawson  Tairs  negative  evidence  against  it  is  exceedingly  strong  (Medical 
Times  and  Qacette,  October  1869) ;  tne  disease  was  all  round,  and  the  milk  was  used,  yet  not  a 
a  case  oocuired  which  could  be  referred  to  it.  See  also  Whitmore's  evidence  in  Marylebone 
(British  Medical  Journal,  Oct.  1869). 

tt  A  case  of  the  foot  being  involved  is  recorded  by  Mr  Amyot  (Med.  Times  and  Gazette, 
Nov*  4.  1871). 

tt  Brit.  Med.  Jounial,  Nov.  18, 1869.  An  anonymous  writer  in  the  same  Journal,  Sept.  1869, 
adduces  also  a  few  doubtful  cases  (p.  827),  though  his  evidence  is  otherwise  negative. 

§§  Medical  Times  and  Qaaette,  Jan.  1872.  1|  y  Edin.  Med.  Journal,  Nov.  1869. 
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liatham,*  and  £rificoe.t  I  have  also  had  cases  related  to  me  by  two  medical 
friends,  which  seemed  qtdte  clearly  cases  of  the  disease.  It  is,  of  course, 
possible  that  some  pus  or  blood  from  abscesses  on  the  teat  or  udder  may  have 
got  into  the  milk,  but  it  is  unlikely  that  this  should  have  been  overlooked. 

A  peculiar  disease  has  several  times  prevailed  in  the  Western  States  of 
America,  which  is  caused  by  the  unboHed  (not  by  the  boiled)  milk  of  cows 
affected  with  the  ''  trembles,"  which  is  supposed  to  be  produced  by  the  cows 
feeding  on  Ehtts  Toxicodendron.  In  children  who  get  this  milk-sickness,^ 
there  is  extreme  weakness,  vomiting,  fall  in  bodily  temperature,  swoUen  and 
dry  tongue,  and  constipation..  Boiling  appears  to  remove  the  hurtful  qualities 
of  the  inilk.§ 

Milk  may  also  be  a  means  of  conveying  the  poisons  of  enteric  fever  and  of 
scarlet  fever.  In  the  former  case,  it  has  probably  usually  arisen  from  the 
watering  of  the  milk  with  foul  water  containing  the  agent,||  but  it  may 
possibly  have  in  some  cases  arisen  from  the  typhoid  effluvia  being  absorbed 
by  the  milk,  as  in  the  case  at  Leeds  mentioned  below.  The  scarlet  fever 
poison  has  appeared  to  get  into  the  milk  from  the  cuticle  or  throat  discharges 
of  persons  affected  with  scarlet  fever,  who  were  employed  in  the  dairy  while 
ill  or  convalescentH 

SECTION  xn. 

BUTTER. 

As  an  article  of  diet,  butter  supplies  to  most  people  the  largest  amount  of 
fat  which  they  take.  Many  persons  take  from  1^  to  2  oz.  daily,  if  the  butter 
used  in  cooking  be  included,  and  the  average  amount  for  persons  in  easy  cir- 
cumstances is  1  oz.  daily.  Butter  appears  to  be  easily  digested  by  most 
persons,  except  when  it  is  becoming  rancid.  It  then  causes  dyspepsia  and 
diarrhoea,  and  as  a  rule  it  may  be  said  that  decomposing  fats  of  all  kinds  dis- 
agree. 

Composition  and  Examination. 

1.  The  average  amount  of  water  varies  from  5  to  10  per  cent,  but  may  be 
higher,  even  in  genuine  butter.  Hassall  has  found  as  much  as  15^  per  cent 
in  fresh,  and  28^  per  cent  in  salt  butter ;  Wanklyn  records  23*6  per  cent  in 
fresh  butter  supplied  to  Paddington  workhouse.  The  retail  dealer,  by  beating 
up  the  butter  in  water,  endeavours  to  increase  the  amount  This  can  be 
detected  by  evaporation  in  a  water  bath ;  if  the  quantity  of  water  be  very 
large,  melting  the  butter  will  show  a  little  water  below  the  oiL  An  unusually 
small  amoimt  of  water  is  suspicious  (Angell),  as  suggestive  of  the  presence  of 
foreign  fat 

*  British  Medical  Jonnal,  May  1872.  t  British  Medical  Jonmal,  Oct  1872. 

X  Cases  of  sereTe  diarrhoea  have  occurred  from  the  ose  of  milk  from  goats  that  had  fed  on 
Bophorbinm ;  this  has  been  observed  at  Malta. 

§  Boston  Med.  and  Sni^.  JonmaL  January  1868,  and  Trausactions  of  the  Kentucky  State 
Medicine  Society,  quoted  m  Medical  Times  and  Oasette.  There  have  been  many  instances 
In  the  last  half  century,  and  they  have  all  been  collected  by  Hirsch. 

i]  See  Ballard's  exhaustive  analysis  of  the  Islington  epidemic,  which  was  traced  decidedly  to 
the  use  of  watered  milk  (Medical  Times  and  Gazette,  rfov.  1870,  and  reprint) ;  a  somewhat 
similar  case  is  recorded  by  Dr  Taylor  of  Penrith  (British  Medical  Journal,  Dec.  1870).  There 
have  been  four  cases  lately — one  at  Moseley,  near  Birmingham,  traced  by  Dr  Ballard ;  one  at 
Leeds,  by  Dr  Robinson  (Brit.  Med.  Journal,  Jan.  18,  1878) ;  one  at  Armley,  near  Leeds  ; 
and  one  at  Parkhead,  in  Glasgow,  recorded  by  Dr  Russell  (Med.  Times  and  Gazette,  March  15, 
1878).    The  evidence  is  very  strong  in  all  the  cases. 

IT  A  remarkable  case  is  recorded  by  Professor  Bell  of  St  Andrews  (Lancet,  Oct  29, 1870),  and 
another  by  Dr  Taylor  of  Penrith  (Bntish  Medical  Journal,  Dec .  1870).  See  also  Dr  Buchanan's 
Beporfe  of  the  outbreak  at  South  Kensington,  apparently  traceable  to  cream. 
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2.  Caseifu — All  butter  cantains  some  casein,  as  some  OEulk  is  taken  up  with 
the  cream.  The  best  butter  contains  least  The  amount  can  be  told  roughly 
by  melting  in  a  test  tube.  The  casein  collecting  at  the  bottom  does  not 
exceed  one-third  of  the  height  of  the  contents  of  the  tube  in  the  best  butter^ 
or  between  one-third  and  one-half  in  fair  butter.  In  bad  butter  it  may  reach 
to  more  than  this.  A  better  plan  is  dissolving  the  fat  by  ether,  washing  and 
then  weighing  the  remainder ;  the  casein  then  weighs  from  5  to  3  grains  in 
every  lOU  of  very  good  butter.     In  bad  butter  it  is  much  more  than  this. 

The  rancidity  of  butter  is  chiefly  owing  to  changes  in  the  fat,  produced 
apparently  by  alterations  in  the  casein,  and  therefore  the  greater  amount  of 
casein  the  more  the  chance  of  rancidity. 

3.  Fat. — The  fat  amounts  to  from  86  to  92  per  cent  of  the  butter.  Butter 
oil  consists  of  volatile  fatty  acids  (butyric,  caproic,  caprylic,  and  capric),  and 
of  non-volatile  acids  (stearic,  palmitic,  and  oleic),  all  combined  with  glycerine. 
In  examining  it,  the  butter  should  be  melted  in  a  beaker-glass,  placed  in 
hot  water,  and  the  fat  should  be  poured  off  the  casein,  and  allowed  to  cooL 
It  then  forms  a  solid  and  usually  yellow  mass,  with  the  characteristic  smell  of 
butter,  and  should  be  further  examined  as  follows  : — 

(a)  Smell,  taste,  and  colcnir  of  this  recongealed  fat, — The  smeU  and  taste, 
are  very  characteristic,  and  with  a  httle  care  the  quality  of  butter,  and  even 
the  presence  of  some  adulterations,  such  as  mutton  fa^  can  be  determined. 
The  colour  is  usually  yeUowish-white ;  other  fats  are  white,  but  annatto  may 
be  used  for  colouring  them,  or  true  butter  may  be  white,  so  that  the  coloration 
is  not  a  safe  test. 

(p)  Examine  the  recongealed  fat  with  the  microscope, — ^Butter  shows  nothing 
but  oil  globules ;  lard  and  other  fats  often,  but  not  always,  contain  acicular 
and  stellate  crystals  of  margaric  (really  a  mixture  of  palmitic  and  oleic)  and 
stearic  acids  as  pointed  out  by  HassalL  Starch  and  other  impurities  may  be 
sometimes  seen  and  are  tinged  by  iodine.  The  casein  left  after  the  fat  has 
been  poured  off  should  be  also  examined,  and  starch,  membrane,  or  other  im- 
purities may  be  seen  in  it  The  polariscope  may  be  used  to  bring  out  more 
strongly  the  stellate  stearic  acid  crystals,  if  present  Angell  and  Hehner  point 
out  that  even  genuine  butter  sometimes  shows  crystals  after  melting  and  recon- 
gealing;  they  therefore  think  the  presence  of  crystals  ground  for  apprehension 
only,  showing  no  more  than  that  the  fat  has  been  melted. 

(c)  Determine  the  mdiing-point  of  the  fat  after  separation  from  the  casein, — 
Some  of  the  fat  should  be  put  into  a  wide  tube,  and  placed  in  an  evaporating 
dish  with  water ;  a  thermometer  should  be  in  the  water  and  another  in  the 
fat  Eaise  the  temperature  of  the  water  very  gradually ;  remove  the  lamp 
from  time  to  time,  so  that  the  temperature  of  the  fat  may  rise  slowly.  Note 
the  temperature  when  it  begins  to  melt ;  when  it  is  completely  melted ;  and 
when  («iter  removal  from  the  warm  water)  it  begins  to  recongeal,  and  becomes 
quite  solid.  The  melting-points  are,  however,  not  constant^  owing  to  the 
variable  amounts  of  stearin  and  oleine,  and  the  volatile  fatty  acids,  but  still 
they  run  within  tolerably  narrow  limits. 

The  temperature  when  the  fat  is  completely  melted  appeared  to  be  the  most 
marked  point  in  my  experiments.  The  butter  oil  is  most  easily  melted,  and 
requires  the  greatest  amount  of  cooling  before  recongealing ;  usually  there  is  a 
difference,  often  12**  to  Id"",  between  the  points  of  commencing  and  completed 
fusion.  The  determination  of  the  melting-point  is,  however,  certainly  more 
useful  in  proving  that  the  butter  has  only  slight  admixture,  than  in  proving 
complete  purity ;  i.e.,  the  presence  of  a  small  quantity  of  lard  or  beef  dripping 
would  not  raiBe  the  melting-point  sujficiently  for  detection.  In  the  case  of 
beef  dripping,  also,  the  melting-point  is  rather  close  to  that  of  butter. 
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Temperature*  of  Melting  and  Solidiftjing, 


FoBion. 

SoUdlflcation. 

Commencing. 

Completed. 

Commencing. 

Completed. 

Bntteroily         .... 

Lard, 

Beef  drippinj;,   .... 

Katton  drippings 

PalmoU,;         .... 

• 

Degrees. 

65-68 

76-80 

68-85 

86-100 

81-92 

Degrees. 
80-90 
100-116 
100-120 
140-150 
110 

Degrees. 
70-80 
90-100 
90-100 

120-180 
88 

Degnees. 
60-82t 
71-75 
72-76 
86-92 
69 

{d)  Angell  and  Hebner  ("  Butter :  its  Analysis  and  Adulterations,"  2d. 
ed.  1877)  recommend  examining  the  sinking-pointy  by  means  of  a  little  glass 
bulb  weighted  with  mercury  to  3*4  grammes;  the  mean  sinking-point  of  24 
genuine  butters  was  35"-6  C.  (Qe**  Fahr.),  ranging  from  34'' -3  C.  to  36*'-3  C. 
(93'-7  Fahr.  to  97"-3  Fahr.)  The  butter  is  melted  and  poured  into  a  tesl^ 
tube  and  allowed  to  cool ;  as  it  cools  a  slight  conical  depression  appears  on  the 
ff«urface  ;  this  must  be  rendered  even  by  remelting  the  upper  part.  If  other 
fute  are  present  the  depression  is  much  more  marked.  The  tube,  with  the 
bulb  on  the  top  of  the  fat,  is  then  plunged  into  a  large  beaker  of  water,  which 
is  gradually  heated  until  the  bulb  sinks,  the  temperature  of  sinking  being 
noted  by  means  of  a  thermometer  placed  in  the  water.§ 

{e)  Another  method,  recommended  by  the  same  chemists,  consists  in  deter- 
mining the  percenter  of  fixed  fatty  acids,  which  seems  to  be  pretty  constant 
in  butter  fat,  forming  about  87*3  per  cent,  of  its  weight ;  88*5  being  adopted 
as  a  maximum,  whereas  most  other  fats  give  about  95*5  per  cent, — ^the  differ- 
ence in  butter  being  made  up  by  volatile  fatty  acids.  The  plan  employed  is 
to  saponify  the  fat  by  boOing  with  caustic  potash  and  water,  to  decompose 
the  soap  with  hydrochloric  acid,  filter  and  wash  with  boiling  water,  and  then 
weigh  the  fatty  acids  remaining  undissolved  on  tha  filter.  The  saponification 
is  much  facilitated  by  commencing  the  process  with  methylated  spirit, 
as  suggested  by  Mr  Turner,  the  public  analyst  of  Portemouth. 

(/)  The  specific  gravity  of  butter-fat  has  also  been  suggested  by  Mr  Bell  as 
a  good  means  of  determining  purity.  He  melte  the  fat  at  100^  Fahr.,  and 
weighs  in  a  specific  gravity  bottle.  He  shows  that  the  specific  gravity  of 
ordinary  fate  varies  between  902*83  and  904*56,  whilst  that  of  butter-fat 
rarely  falls  below  910,  generally  ranging  between  911  and  913.  {Pharma- 
ceutical Journal,  July  22,  1876.) 

4.  Salt  is  added  to  all  butter.  In  fresh  butter  it  should  not  be  more  than 
*5  to  2  per  cent  (8  grains  per  ounce) ;  in  salt  butter,  not  more  than  8  per 
cent  (35  grains  per  ounce).  To  determine  the  salt,  wash  a  weighed  portion 
of  butter  thoroughly  with  cold  distilled  water,  and  determine  the  chloride 
of  sodium  by  nitrate  of  silver  (see  page  76).  Dr  Tidy  recommends  incinera- 
tion and  weighing  the  residue ;  his  limit  is  7  per  cent 

*  I  have  made  a  considerable  nnmber  of  experiments  on  the  melting-point  and  solubilty  in 
ether,  and  on  the  whole  attach  more  importance  to  the  melting-point  than  to  the  solution  in 
ether. 

f  It  is  rare  for  bntter  oil  to  be  completely  solid  at  82°,  bat  I  once  found  it  so  in  an  nndonbt- 
edlr  pure  butter,  made  during  the  winter  on  a  gentleman's  private  farm.  But  usually  batter  is 
not  solid  tUl  68°  or  66°. 

t  These  numbers  were  given  to  me  by  my  friend  Dr  Campbell  Brown  of  Liveipoo],  who  has 
paolished  a  very  good  scheme  for  the  examination  of  butter,  of  which  I  have  made  use. 

§  B assail  employs  a  converse  plan,  using  a  float  instead  of  a  sinker,  the  temperature  at  which  it 
rises  to  the  surface  being  noted ;  this  seneraUy  occurs  about  2°  Cent,  or  6°*6  Fahr.  lower  than  the 
sinking-point  above  mentioned.  Otner  plans  have  been  proposed  by  Dr  Tripe,  Mr  Heisch, 
Dr  Redwood,  and  Mr  Bell.  Mr  P.  Duffy  has  pointed  out  the  curious  fact  that  pork,  mutton, 
and  beef  fats  have  two  or  three  allotropic  conditions,  with  differsnt  melting-points. 
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By  tbifl  method  the  amonnt  of  water,  casein,  oO,  and  salt  will  be  detefr- 
mined,  and  the  qualit  j  of  the  batter  oil  will  have  been  examined. 

Scheme  far  a  Short  Examination. 

1.  Determine  quality  by  the  taste  and  smell  of  the  whole  batter,  and  of  the 
melUMl,  {)Oured  off,  and  recongealed  fat* 

2.  When  melting  for  the  fat  in  a  tube,  notice  approximate  amount  of  casein. 

3.  Determine  the  sinking-point  by  Angell's  plan,  or  the  floating-point  by 
Ilaiuiall's. 

4.  Examine  batter  and  recongealed  fat  with  microscope,  and  add  a  weak 
solution  of  iodine  to  test  for  starch. 

5.  If  time  and  means  allow,  determine  the  percentage  of  fixed  fatty  acids 
in  the  butter  fat,  by  Angell  and  Hehner's  method,  or 

6.  Determine  the  specific  gravity  by  Bell's  method. 

Ad7dterati(m8, 

Butter  is  supposed  to  be  frequently  adulterated  with  lard,  and  with  beef, 
mutton,  and  horse  fat,  and  with  vegetable  oils.  I  have  examined  many 
specimens  without  getting  satisfactory  evidence  of  tlmf  In  a  process  lately 
devised  by  M^ge-Mouries,|  fresh  beef  suet  is  melted  in  warm  water  with  car- 
bonate of  potash  and  portions  of  fresh  sheep's  stomachs.  The  fat  thus 
seT)arated  from  the  ceUular  tissue  is  cooled  and  subjected  to  hydraulic  pressure, 
when  the  oleo-margarine  is  separated  from  the  more  solid  stearine  (which  is 
used  for  candle-making),  and  mixed  with  milk  and  with  a  little  of  the  soluble 
matter  obtained  by  soaking  cows'  udders  in  milk,  and  with  annatto,  and  is 
then  churned.  Now,  this  process  is  so  complicated  that  it  would  not  pay  a 
dishonest  tradesman  to  do  it,  and  it  could  only  be  practised  on  a  large  scale. 
The  sinking  point  and  the  determination  of  the  amount  of  iixed  fatty  acids 
would  probably  detect  this.§ 

Potato  or  other  starches  are  sometimes  added.  It  is  a  rare  adulteration,  and 
is  at  once  detected  by  iodine,  either  at  once  or  after  melting.  Gypsum  and 
sulphate  of  barium  have  been  added,  it  is  said ;  this  must  be  very  rare,  and  be 
at  once  detected  by  melting  and  pouring  everything  off  the  insoluble  powder, 
or  by  incinerating.     Annatto  is  frequently  used  to  colour  butter.|| 

I^wervation  of  Bviter, — Pouring  water  which  has  been  boiled  over  butter 
will  keep  it  for  some  time ;  but  a  better  plan  is  one  discovered  by  M.  Br^n,1[ 
viz.,  water  acidulated  slightly  (3  grammes  to  1  litre)  with  acetic  or  tartaric 
aoLily  is  added,  and  the  whole  is  placed  in  a  close-fitting  vessel  Sugar  also 
has  a  preservative  effect^  especially  when  mixed  with  a  Uttle  salt. 

SECTION  XIIL 

CHEESK 

Ait  an  Article  of  Diet. — It  contains  a  very  large  amount  of  nitrogenous 
mat  tor  in  small  bulk  (p.  195),  and  as  it  is  agreeable  to  the  palate^  it  must  be 

*  Biittor  boc<>mM  rank  and  bad»  by  the  cream  bein^  allowed  to  become  soar  before  chninii^ 
in  ci>nit^)uvuc«  of  dirty  vessels ;  it  is  a  good  plan  to  stir  up  the  cream  from  time  to  time. 

t  More  rec«nt  investigations  by  the  later  methods  of  analysis  have  shown  that  it  does 
fh>iu  time  to  time, 

t  Pharmaceutioal  Joumal,  Oct  187S. 

^  A  sulwtanc^  from  New- York  has  lately  made  its  appearance  in  the  market  nnder  the 

of  lUitterine ;  it  appeani  to  be  a  wholesome  hX,  and  as  long  as  it  is  sold  honestly  as  a  snbstEtnte 
for  butter,  but  not  as  genuine  butter,  its  introduction  will  probably  be  a  boon  to  many 
aipcount  of  it«  rhfa)«f«a, 

Ang^'U  am)  Hehner  record  two  cases  of  adulterafcioii  by  mixing  with  mUk. 
i  T  Payen*    I>es  Subst  AUm.  4th  ed.  p.  179. 
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an  excell^t  food  for  soldieis  in  war.  About  ^  lb  contains  as  mucli  nitrogen- 
ous substance  as  1  9>  of  meat  and  ^  of  a  B>  as  much  fat.  It  does  not,  how- 
ever, keep  well  in  warm  climates. 

The  qiwlity  is  known  by  the  taste.  The  only  adulteration  is  from  sub- 
stances to  give  weight  Starch  is  chiefly  employed,  and  can  be  detected  at 
once  by  iodine.     There  is  usually  about  5  or  6  per  cent,  of  salt. 

Sulphate  of  copper  and  arsenious  acid  are  sometimes  used  to  destroy 
insects  ;  the  rind  is  then  the  most  poisonous  part  Copper  is  detected  by 
ammonia  or  potassium  ferrocyanide.  Arsenic  by  any  test  (Beinsch's  or 
Marsh's).  Sometimes  cheese  becomes  sour,  particularly  if  made  from  sheep's 
milk,  and  may  cause  diairhiDea. 

The  Acarus  domesHcus^  Aspergilltia  glaucus  (blue  and  green  mould),  and 
Sporendonema  casei  (red  mould),  form  during  decay.  During  decay  the  fat 
augments  at  the  expense  of  the  casein ;  leucin  is  produced,  and  valerianic 
and  butyric  acids.  Lactic  acid  is  also  often  produced  from  the  lactin  of  the 
milk  contained  in  the  cheese.  The  aroma  of  cheese  partly  arises  from  this 
decomposition,  and  the  production  of  volatile  acids. 

SECTION  XIV. 

EGGS. 

It  is  needless  to  say  anything  of  eggs  as  an  article  of  diet ;  they  contain 
albumen  and  fat  in  very  (figestible  forms. 

Compomtion  and  Choice, — An  egg  weighs  from  600  to  950  grains,  or  even 
more  j  the  average  weight  is  about  two  ounces  avoir. ;  10  parts  are  shell,  60 
white,  and  30  yolk ;  the  white  contains  86  per  cent,  of  water ;  the  yolk  52 
per  cent.  ;  100  grains  of  egg,  therefore  contain-^- 

10     grains  shelL 
2  2 '8     „      albumen  and  fat. 
67'2     „      water. 
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If  an  egg  weighs  two  ounces,  it  contains  nearly  200  grainft  of  solids  ;  this 
is  a  convenient  number  to  remember,  as  100  grains  correspond  to  1  ounce. 

For  choice,  look  through  the  egg ;  fresh  eggs  are  more  transparent  in  the 
centre,  old  ones  at  the  top.  Dissolve  1  ounce  of  salt  in  10  ounces  of  water; 
good  eggs  sink ;  indifferent  swim.     Bad  eggs  wiU  float  even  in  pure  water. 

Preservation. — Eggs  are  packed  in  sawdust  or  salt,  or  are  covered  with  gum 
or  oil,  or  placed  in  lime-water,  with  a  little  cream  of  tartar.*  Boiling  for 
half  a  minute  also  keeps  them  for  some  time;  in  fact,  anything  which 
excludes  air. 

The  lime-water  gives  them,  it  is  said,  a  peculiar  taste,  and  makes  the 
albumen  more  fluid 

SECTION  XV. 

CONCENTRATED  AND  PRESERVED  FOOD.t 

For  the  military  surgeon  this  subject  is  so  important^  that  it  is  desirable  to 
put  the  chief  facts  under  a  separate  section. 

*  It  ia  said  that  covering  tbem  with  a  solution  of  bees-wax  in  warm  olive  oil  (4  of  bees-wax 
Ids  6i  olive  oil)  will  keep  tbem  for  two  yeaxi.— Chemical  NeioSf  August  1866.  p.  84. 

t  Br  Letbeby  informs  us.  that  from  1800  to  1856  there  were  177  patents  taken  out  for  drying 
and  preserving  food.  Of  these  26  were  for  drying  the  food,  81  for  excluding  atmospheric  air, 
and  ^  for  giving  an  impervious  coating. 
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It  is  obvious  how  important  it  must  be  in  time  of  war  to  have  a  food  which 
may  be  at  once  nutritious,  portable,  easily  cooked,  and  not  liable  to  deterioiar 
tion.  Lind's  sagacious  mind  long  ago  saw  this,  and  he  strongly  lu^ged  the 
advisability  of  having  on  board  ship  prepared  food  of  this  kind  It  must  be 
remembered,  however,  that  a  man  must  get  his  260  to  300,  or  even  350  grains 
of  nitrogen,  and  8  to  12  ounces  of  carbon,  in  each  twenty-four  hours,  besides 
some  hydrogen  and  salts.  The  work  of  the  body  when  in  activity  cannot  be 
carried  on  with  less  ;  and  at  present  these  elements  cannot  be  presented  to  us 
in  a  digestible  form  in  a  smaller  bulk  than  22  or  23  water-free  ounces.  Con- 
centration at  present  cannot  be  carried  beyond  this,  and  practically  has  not 
really  been  carried  to  this  point.  Life,  however,  and  vigour  may  for  some 
days  be  preserved  with  a  much  less  amount ;  and  I  have  reduced  the  total 
amount  jof  food  to  11  water-free  ounces  daily,  with  full  retention  of  strength 
for  seven  days,  though  the  body  was  constantly  losing  weight  For  expedi- 
tions of  three  or  four  days,  if  transport  were  a  matter  of  great  difficulty, 
soldiers  might  be  kept  on  10  or  12  ounces  of  water-free  food  daily,  provided 
they  had  been  fully  fed  beforehand,  and  subsequently  had  time  and  food  to 
make  up  the  tissues  of  their  own  body,  which  would  be  expended  in  the 
time,  and  would  not  have  been  replaced  by  the  insufficient  food. 

When  we  inquire  into  the  concentrated  foods  now  in  the  market^  some  of 
which  profess  to  supply  all  the  substances  necessary  for  nutrition,  we  find 
them  not  very  satisfactory.  They  are  often  not  so  concentrated  as  they  might 
be,  or  are  deficient  in  important  principles,  or  are  disagreeable  to  the  taste. 

Dried  Meat, — Meat  dried  at  a  very  low  heat  has  been  brought  into  the 
market  by  YerdeiL  It  has  lost  the  greater  part  of  its  water,  is  hard,  and 
requires  very  careful  cooking,  but  is  believed  to  be  nutritious  when  well 
prepared. 

Messrs  M'Call  of  London  have  also  prepared  an  excellent  dry  meat ;  it  is 
sold  in  packets,  each  of  which  weighs  4  oz.,  and  is  intended  for  one  meaL  It 
contains  salt  and  pepper,  and  12  per  cent,  of  water. 

HassalVa  Flour  of  Meat, — Good  fresh  meat,  freed  from  visible  fat,  is  care- 
fully dried  at  a  very  low  temperature,  and  is  pulverised  by  machinery,  so  that 
a  very  fine  smooth  powder  is  formed.  This  is  mixed  with  about  8  per  cent, 
of  arrowroot,  2^  per  cent,  of  sugar,  and  3  per  cent,  of  a  mixture  of  salts, 
pepper,  spices,  and  colouring  matter.  The  object  of  the  arrowroot  is  to  assist 
its  suspension  in  water.  From  an  analysis  of  3  samples  of  the  commercial 
flour  of  meat,  I  found  the  average  to  be  in  100  parts — water,  12*68;  fat, 
10-99  ;  salts,  3-82  ;  and  nitrogen,  8 -81  (  =  nitrogenous  compounds,  55 -5);  the 
rest  is  made  up  of  arrowroot,  spices,  sugar,  &c.  The  free  acidity,  taken  as 
lactic  acid,  is  1*8  per  cent.  As  this  flour  of  meat  contains  albumen  and 
fibrine  in  a  condition  well  adapted  for  nutrition,  it  is  probably  more  suited 
than  Liebig's  extract  for  a  diet  of  long  continuance.  I  have  tried  some  ex- 
periments with  it,  and  found  that,  when  given  with  bread  alone,  it  did  not 
nourish  properly.  Two  gentlemen,  who  lived  on  it  and  bread  for  some  days, 
both  became  indisposed,  and  there  was  great  dyspepsia,  evidently  imperfect 
digestion,  with,  in  both  cases,  an  eruption  of  acne.  When  to  the  same  diet 
a  larger  amount  of  fatty  and  vegetable  foods  were  added,  without  any  increase 
in  the  meat  or  bread,  the  eflect  on  health  was  described  by  both  observers  as 
perfectly  marvellous;  all  symptoms  of  illness  disappeared,  and  with  this 
proper  admixture  of  foods,  Hassall's  flour  of  meat  answered  admirably.* 


*  I  have  seldom  been  more  impressed  than  with  these  experiments  ;  the  evident  diffienlty  in 
digestion  of  Hassall's  food  by  itself,  and  in  its  perfect  digestibility  and  evident  nutritive  power 
when  there  was  admixture  of  vegetables  and  carbo-hydntes  and  fat«  oonvinoed  me  of  the  im* 
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Hasaall's  flour  of  meat  keepe  veory  well ;  but  if  the  open  tins  are  exposed  to 
the  air,  after  Beveral  months  it  slightly  changes  colour,  and  then  aoquiies  a 
peculiar  odour.  Subsequently  it  decomposes.  But  if  well  fastened,  it  will 
keep  for  a  very  long  time.  It  will  certainly  be  a  valuable  addition  to  the 
resources  of  the  militaiy  surgeon. 

Under  the  tenns  Tatajos  and  Cfharqui,  two  kinds  of  meat  ore  prepared  in 
South  America ;  it  is  probable  that  these  terms  have  not  always  been  used 
in  the  same  sense.  According  to  Mr  Bridges  Adams,  Tasajos  is  meat  cut  in 
thin  slices,  dipped  in  brine,  and  then  partially  dried.  Charqui  is  thin  stripe 
of  muscular  film  from  which  the  fat  is  removed,  dried  rapidly  by  sun  heat, 
and  sprinkled  with  maize.  The  salted  dried  meat  (Tasajos),  analysed  by 
Hassall,  gave  from  29  to  56  per  cent  of  water;  15  to  41  per  cent  of 
nitrogenous  substances;   3  to  12  of  fat,  and  11  to  20  of  salts. 

The  dried  meat  of  the  Kaffirs  (beltong)  is  very  much  the  same;  great 
hunks  of  beef  are  sun-dried,  and  remain  undecomposed  for  a  long  time.  So 
also  in  Egypt  the  meat  is  dried  by  exposure  to  the  sun  and  north  wind. 

The  Pemmican  of  the  Arctic  voyagers  is  a  mixture  of  the  best  beef  and  fat 
dried  together,  and  is  an  excellent  food,  though  rather  expensive.  Sugar  is 
sometimes  added,  and  sometimes  raisins  and  currants ;  the  latter  would  be  a 
very  desirable  addition  where  there  was  a  deficiency  of  vegetable  food.  For 
analysis  of  pemmican  see  page  195. 

liebig^s  JEactractum  Camis  is  the  juice  of  meat  extracted  on  the  following 
plan: — Every  particle  of  meat  is  separated  from  fat  and  tendons,  and  is 
then  subjected  for  some  time  to  a  moderate  heat ;  a  viscid  dark  extract  at  last 
collects,  which  contains  the  salts,  creatin,  and  other  organic  nitrogenous  sub- 
stances. Mixed  with  warm  water,  this  extract  gives  a  highly  agreeable  and 
nutritious  beef-tea  or  mutton  broth.  One  fi»  of  mutton  gives  about  two-fifths 
of  an  ounce  of  extract  It  has  the  remart:able  quality  of  not  decomposing ; 
Xiebig  had  some  for  fifteen  years  in  a  bottle  loosely  stoppered. 

There  are  now  numerous  samples  of  Extradum  Camis  in  the  market,  pre- 
pared in  South  America  and  Australia.  The  majority  have  an  almost  identical 
composition.  I  have  analysed  five  different  kinds,  and  there  are  other 
analyses  by  Apjohn  and  HassalL  Two  of  my  five  samples  were  obtained  from 
the  Fray  Bentos  CJompany,  the  others  from  Australia,  Buenos  Ayres,  and 
Monte  Video.  The  average  amount  of  water  (using  round  numbers)  was  16 
per  cent ;  of  ash,  20  per  cent ;  of  nitrogen,  8  per  cent ;  the  lowest  being 
6'6,  and  the  highest  10*14.  All  had  an  agreeable  acidity;  the  average 
quantity  was  equal  to  7  grains  of  free  lactic  acid  (assuming  that  acid  to  be 
the  sole  cause  of  the  acidity,  which  is  not  certain),  and  in  addition  there  was 
combined  lactic  acid  equal  to  5^  grains.  In  all  these  respects  the  several 
extracts  were  very  similar.  There  are  some  other  extracts  in  the  market, 
which  are  less  rich  in  salts  and  more  watery,  but  containing  almost  as  much 
nitrogen  ;  gektiDe  appears  to  have  been  added  to  these. 

When  llebig's  extract  is  taken  during  fatigue,  it  is  found  to  be  remarkably 
restorative,  increasing  the  power  of  the  hearty  and  removing  the  sense  of 
fatigue] following  great  exertion.  Mixed  with  wine,  it  has  been  employed 
with  great  success  in  rousing  men  in  collapse  from  wounds.  As,  however, 
the  nitrogenous  compounds  in  the  JSxiractum  are  not  in  the  form  of  albumen 
or  fibrine,  but  of  other  oompounds  (creatine,  extractives  soluble  in  water  and 
alcohol),  it  has  been  supposed  that  the  nitrogen  is  not  capable  of  being 
employed  in  the  nutrition  of  muscles  or  gland-cells,  and,  in  fact,  that  the 

menfle  importance  of  attending  to  Uiese  points  in  cases  of  sickness.  I  feel  gan  that  in  many 
cases,  by  adhering  too  closely  to  one  class  of  diet,  we  most  tto  injury. 

S 
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Extraetum  Camia  does  not  lepresent  a  true  nutritive  albuminate.  Liebig 
considered  it  to  be  a  condiment  which,  increases  the  power  of  the  stomach  to 
digest  vegetable  food ;  and  Horschelmann,*  who  does  not  consider  it  a  sub- 
stitute for  meat,  yet  thinks  that  it  aids  in  digesting  hard  meat^  and  that  the 
meat  ration  can  be  lessened  when  it  is  used.  *  £7  some  its  action  has  been 
compared  to  that  of  tea  and  coffee,  but  there  does  not  appear  to  be  any  close 
paraJleL  By  supplying  lactic  acids  and  flavouring  matters  and  potash  salts, 
it  must  aid  nutrition,  even  if  we  suppose  that  the  nitrogenous  principles  are 
useless,  which  cannot  be  considered  as  yet  proved  It  has  been  stated  by 
Kemmerichf  that  the  potash  salts  increase  at  first  the  power  of  the  hearty  but 
afterwards  paralyse  it,  and  he  believis  that  large  quantities  of  Liebig's  extract 
may  thus  be  injurious.  £unge|  has  repeated  the  experimente,  and  finds  that 
Kemmerich  has  much  overstated  the  effects,  and  that  to  paralyse  the  heart 
enormous  doses  would  be  necessary.  There  are  about  15  grains  of  potash 
salts  in  100  of  extract,  and  Bunge  has  calculated  that  if  the  quantity  which 
kills  a  rabbit,  increased  for  size,  would  kill  a  man,  no  less  than  225  grammes 
or  3471  grains  would  be  necessary,  which  would  be  equivalent  to  putting  the 
poisonous  dose  of  potash  at  only  50  grammes  (771  grains) ;  the  extract  could 
not  therefore  do  harm,  even  if  taken  in  most  unusual  doses. 

When  taken  in  very  large  doses,  the  extract  (like  large  quantities  of  meat) 
does  sometimes  cause  heaviness  and  torpor,  and  this  has  been  ascribed  to  the 
potash  salts,  but  it  may  be  a  question  whether  it  is  not  owing  to  the  excess 
of  the  nitrogenous  extractive  matter.§ 

About  230  grains  of  extract  in  one  pint  of  water  are  nearly  equal  to  a  pint  of 
beef-tea  made  from  -^ths  Sb  of  fresh  beef ;  f th  ounce  of  extract  in  one  pint 
are  equal  to  a  pint  made  from  1  Sb  of  fresh  beef.  There  is,  however,  a  general 
opinion  that  the  extract  beef-tea  is  not  so  good  as  that  made  at  once  from 
fresh  beef ;  a  mixture  of  the  two  is  well  spoken  ol 

It  seems  probable,  though  proof  has  not  been  given,  that  Liebig's  extract  is 
an  anti-scorbutic. 

The  "  concentrated  beef-tea "  is  beef-tea  and  the  juices  of  the  compressed 
beef  mixed  and  evaporated.  This  is  a  highly  nutritious  substance,  and  most 
useful  to  the  army  surgeon.  Mixed  with  wine,  and  given  as  soon  as  possible 
after  wounds  are  received,  in  the  time  of  shock  and  collapse,  it  was  found  in 
the  Austrian  army  (in  1859)  to  save  the  lives  of  many  wounded  men,  and  the 
experience  of  the  Federal  American  army  is  to  the  same  effect  (Hammond). 
ExtrcLctum  Camis  is  now  made  also  by  pressure  without  heat 

Extract  of  Mutton, — ^An  Australian  extract  of  mutton  is  now  sold,  which 
is  more  solid  than  Liebig's  extract,  and  differs  from  it  in  containing  much  fat 
It  is  a  very  good  preparation. 

BeUai's  Extract  of  Meai,^ — In  making  this  extract,  the  meat,  deprived 
of  fat  and  tendons,  is  cut  up  very  fine,  and  exhausted  with  cold  water ;  the 
residue  is  vapour-heated  in  hermetically-sealed  vessels,  and  is  then  heated  with 
its  own  weight  of  water  and  a  proper  quantity  of  bone  to  194°  Fahr.  for  six 
hours ;  it  is  subsequently  pressed  in  an  hydraulic  press,  mixed  with  water  and 
cooked  vegetables.     To  this  mixture  the  cold-water  extract  is  then  added,  and 

♦  Pchmidfs  Jahrb.  1872,  Jan.,  p.  21. 

t  Zeitsch.  ftlT  die  ges.  Phys.,  band  ii.  n.  49, 1869.  See  my  Report  on  Hygiene  in  the  Army 
lied.  Department  Blue  Book,  vol.  iz.  p.  256,  for  an  abstract  and  diacussion. 

X  Zeitsch.  ftir  die  ges.  Pbys.,  band  iv.  p.  284. 

§  Two  gentlemen  at  my  request  lived  for  four  days  on  Liebig's  extract  and  bread.  One  lost 
weight,  but  was  otherwise  healthy  ;  the  other  became  indispoMd  and  gained  weight,  as  if  excre- 
tion were  interfered  with.  These  symptoms  were  at  once  removed  by  the  addition  of  fats  and 
starches  to  the  same  diet,  as  in  the  analogous  case  noticed  as  occurring  in  the  experiments  with 
Hassall's  dried  meat. 

U  Poggiale,  Bee.  de  Mem.  de  Med.  MUit  1868,  Anvril,  p.  268. 
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the  whole  is  heated  to  clarify  it,  and  is  then  filtered.  It  is  subsequently 
evaporated  to  the  consistence  of  thick  honey,  and  packed  in  metal  boxes,  from 
which  the  air  is  excluded.  A  little  less  than  an  ounce  (25  grammes)  in  If 
pint  (1  litre)  of  water  makes  a  good»^  beef-tea. 

Edtoard! 8  patent  desiccated  soup  consists  of  a  mixture  of  beef  and  veget- 
ables j  it  is  easily  prepared  by  boiling  in  water,  about  an  ounce  to  a  pint  of 
water.     It  was  weU  spoken  of  in  the  Ashantee  war. 

Meat  Biscuits, — ^These  biscuits,  or  powders,  for  they  are  generally  powdered 
and  sold  in  canisters,  are  formed  by  mixing  rich  extract  of  meat  with  wheat 
flour,  and  drying.  The  biscuit  of  Mr  Gail  Borden,  of  Galveston,  in  Texas, 
contains  equal  parts  of  meat-extract  and  dried  flour  (made  in  a  Papin's 
digester).  A  biscuit  like  this  was  very  much  used  in  the  American  war. 
The  inventor  represents  that  10  Sb  will  last  a  man  for  fourteen  days,  or  at  the 
rate  of  11*2  ounces  a-day,  but  this  is  clearly  an  exaggeration.  The  biscuit, 
after  being  powdered,  is  soaked  in  cold  water  for  a  few  minutes,  then  boiled 
from  twenty  to  thirty  minutea 

Meat  bisuits  can  be  made  in  a  very  simple  way,  by  mixing  together,  cook- 
ing, and  baking  1  B>  flour,  1  S>  meat^  \  fi>  fat  (suet),  ^  9>  potatoes,  with  a 
little  sugar,  onion,  salt,  pepper,  and  spices.  A  palatable  meat  bisuit,  weigh- 
ing about  1^  fi>,  containing  10  to  12  per  cent  of  water,  is  then  obtained, 
which  keeps  quite  unchanged  for  four  months.  4i 

Pea  Sausage, — In  the  Franco-German  war  the  Germans  made  great  use  of 
a  pea  sausage,  made  by  mixing  pearflour  and  fat  pork,  with  a  little  salt  I 
found  it  to  contain,  in  100  parts,  16*2  of  water,  7-19  of  salts,  12*297  of 
albuminates,  33*66  of  fat,  and  30*663  parts  of  carbohydrates.  It  is  ready 
cooked,  but  can  be  made  into  a  soup.  It  was  much  relished  for  a  few  days, 
but  the  men  got  eventually  tired  of  it^  and  in  some  it  produced  flatulence  and 
diarrhoea. 

Flour  Sausages. — A  mixture  of  pork  and  wheat  flour  has  been  used  in  the 
same  way. 

Maize  and  Beef. — ^The  Germans  in  1870  made  also  use  of  a  mixture  of 
maize  and  beef,  which  appears  to  have  been  much  liked. 

Dried  Cerealicu — Many  flours,  if  well  dried,  will  keep  for  a  long  time. 
Hard's  "farinaceous  food  for  infants"  is  wheat  flour  baked.  Denham's 
'^  farinaceous  food  **  is  composed  of  3  parts  wheat  flour  and  1  part  of  barley, 
dried  at  a  heat  of  200""  Fahr.  It  loses  from  26  to  30  per  cent  in  weight 
The  Russian  Grovemment  formerly  used  a  cake  composed  of  a  mixture  of 
oatmeal  and  malt  (2  parts  to  1) ;  it  was  baked,  and  formed  an  agreeable  article 
of  food.  When  placed  in  water  in  a  warm  place,  a  slight  fermentation  goes 
on,  and  a  kind  of  beer  is  produced.  I  have  kept  these  cakes  unaltered  for 
more  than  a  year.  There  are  now  in  the  market  diflerent  kinds  of  malt 
biscuit  and  granulated  malt  food.  Liebig's  food  for  infants  is  composed  of 
equal  parts  of  wheaten  flour  and  malt  flour  mixed  with  a  httle  carbonate  of 
potash  and  cooked  with  10  parts  of  milk.  The  wheat  and  malt  flour  are  now 
tDsually  cooked,  and  sold  in  powder  ready  to  be  boiled  with  the  milk. 

Dried  Bread. — In  addition  to  biscuit  already  described,  bread  has  been 
partially  dried  by  being  pressed  in  an  hydraulic  press  (method  of  Laignel). 
Much  water  flows  out,  but  when  taken  out  the  bread  still  feels  moist  In  a 
day  or  two,  however,  it  becomes  as  hard  as  a  stone,  and  in  a  year's  time  will 
be  found  good  and  agreeable.  Placed  in  water,  it  slowly  swells.  The  "  pain 
biscuits  "  of  the  French  army  is  bread  dried  by  heat  (see  Bread). 

Dried  Potatoes  are  sold  in  two  forms — slices  and  granulated.  In  either 
case  the  potato  is  easily  cooked,  and  is  very  palatable.  It  should  be  soaked 
in  cold  water  first  for  some  time,  then  slowly  boiled,  or,  what  is  much  better. 
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steamed.  The  directiLons  for  cooking  J^WBrd's  pieserred  potato  (wiiich  is 
granulated)  are  :  '^  To  three  qaarters  of  a  pound  add  ahout  one  quart  of  bofl- 
ing  water,  stirring  it  at  the  samie  time ;  cover  it  closely ;  the  baisin  or  veeael 
used  should  be  kept  hot;  let  it  stand  for  ten  minutes;  then  well  maah, 
adding  bUttOT,  salt^  &a,  at  diacretion.''  It  is  stated  to  be  equal  to  six  times 
its  bulk  of  the  fresh,  vegetable,  but  this  is  hardly  borne  out  by  aualysis  :  four 
times  is  as  high  as  it  would  be  safe  to  allow.  Indeed  both  my  own  and 
Professor  Attfield's  analyses  (see  Eeport  of  CJommittee  on  Scurvy,  1677)  show 
that  a  fi)  of  preserved  potato  contains  the  solid  matter  of  only  3^  S)  of  ordinary 
fresh  potatoes.     (F.  de  C.) 

Dried  Vegetables  (other  than  Potaioee)^ — ^Dried  and  Gon^)re8sed  vegetables 
of  all  kinds  (peas,  cauliflowers,  carrots,  <&c.)  are  now  prepao^d,  especially  by 
Messrs  Masson  &  Challot,  so  perfectly  that,  if  properly  cooked,  they  furnish 
a  dish  almost  equal  to  fresh  vegetables.  Professor  Attfleld  (see  Eeport  of 
Committee  on  Scurvy)  found  that  dried  compressed  cabbage  contained  the 
solids  of  seven  times  its  weight  of  fresh  cabbage,  whilst  the  mixed  vegetables 
contained  ^t;«  and  a  Aa{f  times  the  solids  of  the  fresh  vegetables.  They  must 
be  cooked  very  slowly.  If  there  is  any  diaagreeable  taste  from  commencing 
putrefaction^  which  is  very  rare,  a  little  chloride  of  lime  removes  it  at  onoe. 
Potassium  permanganate  can  be  also  used  for  this  purpose. 

As  anti-scorbutics  they  are  said  to  be  inferior  to  the  fresh  vegetable 
(experience  of  American  war),  but  are  still  much  better  than  nothing.* 

Dried  Milk, — ^Preserved  mdlk  is  sold  in  a  liquid  form  (see  Milk),  but  is  also 
sold  as  a  powder.  Desiccated  milk  is  now  very  weU  prepared ;  I  examined 
a  sample  of  FadeuHle's  desiccated  milk;  the  bottle  contained  1502  grains^ 
consisting  of — 

Casein, 524*588 

Fat, 330-442 

Laetin, 9192 -265 

Salts, 73-890 

and  intended  to  be  mixed  with  a  quart  of  watsr.  When  so  mixed  it  had  a 
specific  gravity  of  1026 ;  a  little  sugar  had  probably  been  added.  Cream  to 
the  extent  of  ^^hs  rose  to  the  surface.  The  •milTr  turned  acid  in  twenty- 
four  hours. 

Concentrated  Milk, — Milk  is  evaporated  at  low  steam  heat  to  the  consistence 
of  a  thick  syrup,  and  white  sugar  is  added.  I  have  examined  four  kinds, 
three  of  these  being  very  similar,  the  fourth  more  watery,  but  of  less  cost 
There  was  no  impuriiy,  and  the  casein,  fat,  and  salts  were  in  good  proportion. 
The  percentage  of  water  was  20,  21*8,  and  19 '2  in  the  three  concentrated 
milks,  and  42*15  in  the  watery.  After  opening  the  tins  all  the  samples  re- 
mained good  for  over  a  month. 

Dried  Eggs. — ^The  yolk  is  not  easily  kept  after  drying,  but  the  white  can 
be  so  ;  it  is  cut  into  thin  scales,  and  forty-four  eggs  make  about  1  !b.  The 
yolk  and  white  are  also  mixed  with  flour,  ground  rice,  &c,  and  are  then  dried. 

*  Professor  Attfield  (loc,  cU.)  oonsiders  that  in  the  compressed  vegetables  some,  at  least, 
of  the  joice  is  lost  in  the  preparation,  probably  by  preesme. 
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CHAPTER   VIL 
BEVERAeBS  AND  GONDIMENT&. 

SECTIOK"  L 

ALCOHOLIC  BEVERAGES. 

Althouoh  it  is  oonTeinifiiit  to  pkoe  all  the  beverages  vldcli  contain  Alcohol 
under  one  heading,  they  yet  differ  mateiially  in  composition  and  effects. 

SubSbotion  L — Bbbsl 

Campontion, — The  law  formerly  aUowed  only  malt  and  hops  to  be  used  in 
brewing,*  but  since  the  repeal  of  the  hop  duties  various  bitter  substances  are 
used.  Eeer  ought  to  consist  of  malt  and  hop  extracts  only,— of  alcohol,  formed 
by  fermentation,  and  of  salts  added  in  the  water,  or  present  in  the  malt  and 
hops. 

The  specific  gravity  varies  from  1006  to  1030,  or  even  more,  in  the  thick 
German  beers;  the  average  in  English  beers  and  porters  is  from  1010  to  1014. 
The  percentage  of  malt  (dextrin,  cellulose,  sugar)  is  from  4  to  15  per  cent,  in 
ale,  and  from  4  to  9  per  cent  in  porter.  It  is  least  in  the  bitter,  and  highest 
in  the  sweet  ales.  The  hop  extract  (lupulite  and  resin)  is  in  much  smaller 
amount  The  alcohol  varies  from  1  to  10  per  cent  in  volume.  The  free 
acidity  which  arises  from  lactic,  acetic,  gallic,  and  malic  acids,  ranges 
(if  reckoned  as  dry  acetic  acid)  from  15  to  40  grains  per  pintf  The  sugar 
has  a  great  tendency  to  form  glucinie  aeid  {C^fiifi^.  There  is  a  small 
quantity  of  albuminous  matter  in  most  beers,  but  not  averaging  more  than  '5 
per  cent  The  salts  average  '1  to  *2  per  cent,  and  consist  of  alkaline  chlorides, 
and  phosphates,  and  some  earthy  phosphates.  There  is  a  smaU  amount  of 
ammoniacal  salt  The  dark  beers,  oi  porters,  contain  caramel  and  assamar. 
Free  carbonic  acid  is  always  more  or  less  present ;  the  average  is  *1  to  *2  parts 
by  weight  per  cent,  or  about  If  cubic  inch  per  ounce.  Volatile  and  essen- 
tial oils  are  also  present 

Adopting  mean  numbers,  1  pint  (20  ounces)  of  beer  will  contain  : — 

Alcohol,        .         .         .         .         .         .1  ounce. 

Extractives,  dextrin,  sugar,     .         .         .         1  *2  „     (524  grains). 

Eree  acid, 25  grains. 

Salts,  13  grains. 

Pkj/teiologicdl  Actum, — ^The  action  on  tissue  metamorphosis,  as  far  as  is 
known,  is  supposed  to  be  one  of  lessened  excretion ;  the  urea  and  pulmonary 
carbonic  acid  being  both  decreased.    If  this  be  the  case,  it  is  not  owing  to  the 

*  In  the  Licensing  Act  (1872),  clause  19  containB  penalties  for  naing  anjr  deleterious  snbetance 
for  mixing  with  liquors  sold  by  peraens  having  licenoes  under  the  Act,  and  in  the  fiist  schedule 
to  the  Act  is  a  list  of  deleterious  ingredients,  viz.  : — "  Cocoulus  indicus,  chloride  of  sodium 
(otherwise  common  salt),  copperas,  opium,  Indian  hemp,  stiyelmine,  tobacco,  darnel  seed,  extract 
of  logwood,  salts  of  zinc  or  lead,  alum,  and  any  other  extract  or  compound  of  any  of  the  above 
ingredients."  Several  articles,  which  are  supposed  to  be  used  as  adtuteraats,  are  omitted  from 
this  list. 

•t'  Reckoned  as  gladal  acetic  add,  these  numbers  would  -be  slightly  increased. 
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alcohol,  at  least  in  moderate  dietetic  dosea,  but  to  some  of  the  other 
ingredients ;  but  the  experiments  require  repetition.*  On  the  nervous  system 
the  action  is  probably  the  same  as  that  of  alcohol  The  peculiar  exhausting 
or  depressing  action  of  beer  taken  in  large  amount  has  been  ascribed 
by  Eankef  to  the  large  amount  of  potash  salts,  but  probably  the  other  con- 
stituents (especially  the  hop)  are  also  concerned. 

When  beer  is  taken  in  daily  excess,  it  produces  gradually  a  state  of  fulness 
and  plethora  of  the  system,  which  probably  arises  from  a  continual,  though 
slight  interference  with  elimination,  both  of  fst  and  nitrogenous  tissues. 
TVlien  this  reaches  a  certain  pointy  appetite  lessens,  and  the  formative  power 
of  the  body  is  impaired.  The  imperfect  oxidation  leads  to  excess  of  partially 
oxidised  products,  such  as  oxalic  and  uric  acids.  Hence  many  of  the 
anomalous  affections,  classed  as  gouty  and  bilious  disorders,  which  are 
evidently  connected  with  defects  in  the  regressive  metamorphosis. 

The  question,  what  is  excess  1  is  not  easy  to  answer,  and  will  depend  both 
on  the  composition  of  the  beer,  and  on  the  habits  of  life  of  those  who  take  it, 
but  judging  from  the  amount  of  alcohol  which  is  allowable,  from  one  pint  to 
two  pints,  according  to  the  strength  of  the  beer,  is  a  sufficient  amouat  for  a 
healthy  man. 

BXAKNATION  OF  BEER. 

This  is  directed  to  ascertain — 1.  Quality  ;  2.  Adulterations. 

1.  Quality. 

1.  Physical  Characters — ^The  beer  should  be  transparent,  not  turbid. 
Turbidity  arises  from  imperfect  brewing  or  clarifying,  or  from  commencing 
changes.  If  the  latter,  the  acidity  will  probably  be  found  to  be  increased. 
The  amount  of  carbonic  acid  diisengaged  should  neither  be  excessive  nor 
deficient. 

The  taste    should  be  pleasant     If    bitter,   the  bitterness    should    not 

be  persistent     It  should  not  taste  too  acid. 

Smell  gives  no  indication  till  the  changes  have  gone  to  some  extent 

If  there  is  any  turbidity,  there  will,  be  found  on  microscopic  examination 

abundance  of  yeast  cells  and  amorphous  deposit. 

2.  Determine  Sjpecific  Gravity, — If  this  is  done  after  the  alcohol  is  driven 
off  (see  Determination  of  Alcohol),  an  approximate  conclusion  can  be  formed 
of  the  amount  of  solids  by  dividiiog  by  4  the  excess  of  the  specific  gravity 
over  1000.     The  more  malt  extract^  the  greater  is  the  body  of  the  beer. 


Specific  Graritj 
after  Iom  of  AlcohoL 

1004  . 

1008  . 

1012  . 

1016  . 

1020  . 


Per  cent  of 
Extract, 

1 

2 
3 
4 
5 


Spedflc  QraTil^ 
after  loss  of  Alcohol. 

1024 

1028-1 

1032-2 

1036-3 

1040-4 


Per  cent,  of 
Extract. 

6 
7 
8 
9 
10 


3.  Determine  Acidity. — This  is  a  very  important  matter,  as  the  increase  of 
acidity  is  an  early  effect  when  beer  is  undergoing  changes. 

The  acidity  of  beer  consists  of  two  kinds. 

Volatile  Adds. — viz..  Acetic  and  carbonic 

Non-Volatile  Adds. — viz..  Lactic,  gallic  or  tannic,  malic,  and  sulphuric,  if 
it  has  been  added  as  an  adulteration. 

*  Bins  (Journal  of  AAatomj  and  Physiology,  May  1874)  states  tliat  alcohol  diminishes  both 
the  pulmonary  carbonic  acid  and  urea, 
t  Fhys.  des  Menschen,  1868,  p.  188. 
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•   DETERMINATION  OF  ACIDITY  IN  BEEK.  279 

To  detennine  acidity  of  beer  and  all  other  liquids,  the  easiest  plan  is  to 
prepare  an  alkaline  solution  of  known  strength. 

Stcmdard  Alkaline  SolvUon, 

A  standard  acid  is  fust  made,  and  crystallised  oxalic  acid  (C^HjO^  +  2OH2) 
(equivalent  126)  is  now  usually  employed. 

One-twentieth  of  an  equivalent  (6*3  grammes)  is  taken  and  dissolved  in  1 
litre  of  water.  1  C.C*  of  this  solution  contains  therefore  '0063  grammes  of 
crystallised  oxali«  acid,  and  is  exactly  equal,  of  course,  to  an  equivalent  pro- 
portion of  any  other  acid. 

A  solution  of  liquor  sodse,  or  potassas  if  soda  cannot  be  obtained,  is  now 
taken  and  graduated  with  the  acid  solution ;  so  that  1  C.C.  of  oxalic  acid 
solution  shaU  exactly  neutralise  1  C.C.  of  the  alkaline  solution.  Then  1 
C.C.  of  the  alkaline  solution  wiU  be  equal  to  *0063  grammes  of  oxalic  acid, 
or  to  an  equivalent  proportion  of  any  other  acid,  as  shown  in  the  table. 

solution  ^^*^  \  "^^^^  g»°imes  of  crystallised  oxaUc  acid  {Q^O^  +  2OH2). 
„  '0051  „         acetic  anhydride  or  anhydrous  acetic  acid 

„  *0060  „  glacial  acetic  aeid  {Ofijd^. 

•0064  „  citric  acid  (CgHgO^).* 

•0075  „  tartaric  acid  (G^Rfi^y 

•0090  „  lactic  acid  (CgHgOg). 

•0040  „  sulphuric  anhydride  or  sulphuric  trioxide 

(SO3). 

„  ^0040  „  sulphuric  acid  (S04Hj)t 

In  preparing  the  alkaline  solution,  dilute  the  common  liquor  potassse  of  the 
pharmacopoeia  (if  caustic  soda  cannot  be  had)  with  about  7  or  8  parts  of  water ; 
put  a  portion  into  the  burette,  and  add  it  to  10  C.C.  of  the  standard  acid, 
coloured  with  litmus  or  cochineal  It  will  be  found  that  about  8  or  9  C.C. 
of  the  liquor  potassse  wiU  neutralise  the  10  C.C.  of  acid ;  read  oflf  the  amount 
of  alkaline  solution  used,  measure  the  remaining  portion,  and  calculate  by 
rule  of  three  how  nmch  water  must  be  added  to  dilute  it,  so  that  10  C.C. 
shall  be  required  to  neutralise  10  C.C.  of  the  acid. 

Example. — 10  C.C.  of  acid  required  8*7  C.C.  of  alkaHne  solution,  and  the 
remainder  of  the  alkaline  solution  measured  160  C.C. 

8-r  :  10  :  :  160  :  x 
a?  =183-9. 

Thus  (183-9  - 160*.)  23-9  C.C.  of  water  must  be  added  to  the  160  C.C, 
to  dilute  it  to  the  proper  strength.  Add  then  this  amount  of  water,  and  test 
it  once  more  to  see  tlmt  there  is  no  mistake.  The  alkaline  solution  does  not 
keep  weU,  and  must  be  re-tested,  if  a  long  time  passes  without  its  being  used. 

Having  prepared  the  alkaHne  solution^  take  a  measured  quantity  of  beer 
(say  10  C.C.),.  and  drop  in  the  alkaline  solution  from  the  burette,  till  exact 

.  .  ■    —  I  mrm  i»»   w  w^         ii  ■    i     j        ■         ■i.m^,     ^^^    m    -  ■  ■    i —  -         -~— 

*  Citric  acid  is  tribasic  and  tartaric  acid  bibasic,  hence  their  relative  neutralising  quantities 
are  respectively  one-third  and  one-half  of  their  equivalents. 

i*  In  stating  the  result  of  the  inquiry,  the  composition  of  the  acids  should  always  be  given,  by 
adding  the  symbols,  otherwise  error  may  arise.  If  the  symbols  are  given,  no  mistake  is  possible. 
It  must  be  remembered  that  the  atomic  weights  are  those  of  the  imitary  system.  Witn  regard 
to  litmus,  it  ought  to  be  very  good  and  neutral.  The  best  way  of  making  it  is  to  make  first  a 
concentrated  watery  solution,  then  to  add  dilute  sulphuric  acid  to  slight  acid  reaction,  boil, 
and  ^en  add  liq.  biuryta  to  very  slight  alkaline  reaction ;  destroy  the  alkaline  reaction  bv  passing 
through  two  or  three  bubbles  of  carbonic  acid.  Boil,  filter,  and  add  one-tenth  part  of  alcohoL 
Cochineal  is  probably  more  convenient,  as  it  gives  a  sharper  reaction :  for  its  preparation  see 
page  81. 
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neutrality  is  leaobed.  Then  read  ofiP  the  number  of  G.C.  of  alkaline  solution 
used ;  multiply  by  the  co-efficient  of  glacial  acetic  acid^  and  the  lesult  will  be. 
the  amount  of  total  acidity  in  the  quantity  of  beer  operated  on,  as  expressed 
in  glacial  acetic  acid  (the '  symbols  being  always  used  in  the  report).  By 
shifting  the  decimal  point  two  places  to  the  right,  the  amount  per  litre  is 
given.  To  bring  grammes  per]  litre  into  grains  per  pint  multiply  by  TO,  and 
divide  by  20 ;  or,  what  is  the  same  thing,  multiply  at  once  the  number  of 
centimetres  of  alkaline  solution  used  by  5*25.  If  an  ounce  has  been  taken 
instead  of  10  C.C,  multiply  the  CO,  of  alkaline  solution  by  1'85  to  bring  the 
amount  into  grains  per  pint. 

If  the  alkaline  solution  cannot  be  made,  dried  carbonate  of  soda  must  be 
used ;  weigh  53  grains,  and  dissolve  in  1000  C.C.  of  distilled  water;  1  C.C.  = 
*053  grains,  and  this  is  equivalent  to  '063  grains  of  crystallised  oxalic  acid. 
If  there  is  no  burette,  then  weigh  100  grains  of  carbonate  of  soda ;  add  por- 
tions gradually  to  the  beer,  and  when  the  beer  is  nei^traHsed,  weigh  the 
carbonate  of  soda  remaining.     Then  calculate  by  rule  of  three. 

As  53  is  to  the  equivalent  of  the  acid  sought ;  so  is  the  amount  of  carbonate 
of  soda  used  to  x-,  a; = amount  of  acid,  in  the  quantity  of  beer  operated 
upon. 

The  total  acidity  can  be  divided  into  fixed  and  volatile  by  evaporation. 
While  the  total  acidity  is  being  determined,  evaporate  another  measured 
quantity  of  beer  to  one-third,  then  dilute  with  water,  and  determine  the 
acidity.  The  acetic  and  carbonic  acids  being  volatile  are  driven  off,  and  lactic 
and  other  acids  remain.  Deduct  the  amount  of  alkaline  solution  used  in  this 
second  process  from  the  total  amount  used,  and  this  will  give  the  amounts 
used  for  the  volatile  and  fixed  acidities  respectively ;  express  one  in  terms  of 
acetic,  the  other  of  lactic  acid.  Short  factor  for  lactic  acid  =«  7*875.  The 
fixed  acidity  is  greater  than  the  volatile  in  almost  all  beers,  and  sometimes 
five  or  six  times  as  much. 

Generally  speaking  the  determination  of  total  acidity  of  beer  given  in 
books  is  too  great.  I  have  seldom  found  it  to  be  more  than  30  grains  per 
pint,  and  often  less ;  sometimes  not  more  than  1.4  or  15  grains.  In  31  kinds 
of  porter  and  stout  recorded  in  the  British  Medical  Journal  (June  1870),  the 
acidity  per  pint  varied  from  25*22  grains  (the  highest)  to  14*14  grains  (the 
lowest  amount).  In  23  kinds  of  ale,  the  highest  and  the  lowest  amounts  per 
pint  were  36*39  and  7*97  grains. 

4.  Ddermine  Amount  of  Alcohol. — There  are  various  ways  of  doing  this, 
but  one  of  the  two  following  will  be  sufficient 

Measure  a  certain  quantity,  say  one  pint  of  beer,  and  take  the  specific  gravity 
at  60'  or  68**  Fahr.*  let,  Put  into  a  retort  and  distil  at  least  two-thirds. 
Take  the  distillate,  dilute  to  original  volume  with  distilled  water,  determine 
the  specific  gravity  at  60**  or  68*"  by  a  proper  instrument^  and  then  refer  to  the 
annexed  table  of  specific  gravities — opposite  the  found  specific  gravity  the 
percentage  of  alcohol  is  given  in  volume  (not  in  weight). 

2d,  Then,  to  check  this,  a  plan  recommended  by  Mulder  may  be  used. 
Take  the  residue  of  the  beer  in  the  retort,  dilute  with  water  to  tibie  original 
volume,  and  take  the  specific  gravity  at  60°  or  68**. 

-  Then  deduct  the  specific  gravity  before  the  evaporation  from  the  specific 
gravity  after  it,  take  the  difference,  and  deduct  this  from  1000  (the  specific 
gravity  of  water),  and  look  in  the  table  of  specific  gravities  for  the  number 

•  Hassall  recommends  previous  remoral  of  CO-,  by  shaking  up  in  a  corked  bottle  for  10 
mimite»,  opening  the  bottle  from  time  to  time,  and  sncking  air  throogh  it- with  a  tube.  This 
is  more  necessary  with  bottled  than  draught  beer. 
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thus  obtained ;  opposite  will  be  found  tHe  peicentage  of  alcoboL*    The  results 
of  these  two  methods  should  be  identicaL 

If  there  is  no  retort,  this  second  plan  maj  be  used  with  a  common  evaporat- 
ing dish,  the  alcohol  being  suffered  to  escape.  A  common  urinometer  (tested 
for  correctness  in  the  first  place  by  immersion  in  distilled  water  at  62''  Fahr.) 
may  be  employed  for  determining  the  specific  gravity.  The  plan  is  very  use- 
ful for  medical  officers  ;  it  requires  nothing  but  a  urinometer  and  evaporating 
disLf 

Alcohol  ( Voluvne)  according  to  Specific  Gravity. 


100  parte. 

Spedfle  Gravity, 

100  parts. 

Speeiflc  Gravity. 

AlooboL 

Water. 

At  68*. 

Ateo*. 

Alcohol. 

Water. 

jAtes*. 

At  60*. 

60 

50: 

0*914 

0'9ir. 

24 

7tf 

0-966 

0-968 

49 

51 

0-917 

0-920 

23 

1     77 

9-968 

0-970 

48 

52 

0-919 

0-922 

22 

78 

0-970 

0-972 

47 

58 

0-921 

0-924 

21 

79 

0-971 

0-973 

49 

54- 

0'928 

0*926 

20 

80 

0-973 

0-974 

45 

55 

0-925 

0-928 

19 

81 

0-974 

0-975 

44 

bH 

0-927 

0-930 

18 

82 

0-976 

0-977 

43 

57 

0-980 

0-983 

17 

83 

0-977 

0-978 

42 

58 

0-982 

0-985 

16 

84 

0-978 

0-979 

41 

59 

0-934 

0-937 

15 

85 

0-980 

0-981 

40 

60 

0-936 

0-989 

14 

86 

0-981 

0-982 

89 

61 

0*938 

0-941 

13 

87 

0-983 

0-984. 

83 

62 

0-940 

0-943 

la 

^S 

0-985 

0-98« 

87 

63 

0-942 

0-945 

11 

89 

0-986 

0-987 

86 

64 

0-944 

0-947 

10 

90 

0-987 

0-988 

85 

65 

0-946 

0-949 

9 

91 

0-988 

0-989 

84 

66 

0-948 

0-951 

a: 

92 

0*989 

0-990 

88 

67 

0-950 

0-953 

7 

93 

0-990 

0-991 

32 

68 

0-952 

0-955 

6 

94 

0-992 

0-992 

81 

69 

0-954 

0*967 

5 

95 

0-994 

0-994 

80 

70 

0'95» 

0-958 

4 

99 

0'995 

0-996 

29 

71 

o-95r 

0-960 

3 

97 

0-997 

0-997 

as 

72 

0-959 

0-962. 

2 

98 

0-998 

0-998 

27 

73 

0-961. 

0-968 

1 

99. 

0-999 

0-999 

26 

74 

0-968 

0-965 

0 

100 

1-000 

1-000 

25 

75 

0-965 

0-967 

Alcohol  is  sometimes  stated  by  weight  in  voluma  The  following  table 
shows  toleiably  accurately  the  relatioiL  between  the  two  and  the  relative 
amount  of  proof  spirit,  so  that  a  little  calculation  will  reduce  one  table  into 
another  if  desired.  In  other  words^  if  the  percentage  of  alcohol  in  volume  be 
multiplied  by  *8,  the  weight  of  the  alcohol  is  given  per  cent*  If  the 
peorcentage  of  alcohol  in  weight  is  multiplied. by  1*25,  the  volume  is  given. 
If  the  percentage  volume  of  alcohol  be  multiplied  by  1*76,  the  amount  o£ 
proof -spirit  is  given.. 


*  U  nay  b^pazdiagfili  fiirt  to  see  how  thinplAiL  giveB  the  resalt ;  but  it  is  flimple  enough. 
As  aleo^l  is  lighter  thaJi  wMeri  th&  evaporation,  raises  the  speoifla  gravity  of  the  beer  in  ptt>- 
pc»iioik  to  the  loes  of  alcohol^  uul  the  gam  of  the  beer  in  specific  gravity  from  the  evai>oration 
18  exactly  equal  to  the  depression  in  specific  gravity  which  that  amount  of  alcohol  would  canae. 
if  added  to  pnje  water  eqyal  ia.  bulk  to  the  beer  operated  upon. 

f  Some  aifficulty,  however,  occasiooaUy  arises,  if  the  hn^  in  eFfuponithm  is  earned  too  far,  . 
paxtidiUrly  if  th*  extract  on  the  sides  of  the  dish  be  (diarred  awi  thus  rendered  insoluble^  . 
In  snch  a  case  the  only  way  is,  after  making  np  to  the  original  balk  with  distilled  water,  to  , 
shake  it  weU  np  and  pour  it  into  a  specific  gravity  bottle  and  weigh.    With  care^  however* 
and  dow  evaporation^  this  difficolty  may  be  avoided.  ^ 


Per  cent. 

Percent. 

in  Volame. 

In  Weight. 

1 

•8 

2 

1-6 

3 

2-4 

4 

3-2 

6 

4-0 

6 

4-8 

7 

5-6 

8 

6-4 

9 

7-2 

10 

8-0 

282  BEVERAGES  AND  CONDIMENTS. 

Proof  Spirtti' 

1-76 

3-54 

5-35 

7-00 

8-80 

10-56 

12-32 

14  00 

15-76 

17-60 

5.  The  solids  can  be  determined  by  eyaporation,  and  the  ash  obtained  by 
incineration  ;  bnt  medical  officers  will  seldom  have  occasion  to  do  this.  The 
specific  gravity  of  the  de^coholised  beer  gives  a  sufficient  approximation. 

6.  Evaporate  the  beer  to  a  syrupy  consistence ;  it  should  be  a  pleasant 
bitter. 

The  points^  then,  to  be  determined  in  judging  of  quality  are — 1.  Taste ; 
2.  Appearance ;  3.  Specific  gravity  of  de^coholised  beer,  from  which  we  find 
the  per  cent,  of  extract ;  4.  Acidity  j  5.  Amount  of  alcohol ;  6.  Taste  of  syrupy 
extract 

2<  AdtdteroHons  of  Beer* 

1.  Water, — Probably  the  most  frequent  adulteration ;  detected  by  taste  ; 
determining  amount  of  alcohol  and  specific  gravity  of  the  beer  free  from 
alcohoL 

2.  AlcoTwl. — Seldom  added ;  the  quantity  of  alcohol  is  large  in  proportion 
to  the  amount  of  extract^  as  determined  by  the  specific  gravity  after  separation 
of  the  alcohoL 

3.  Sodium  or  Calcium  Carbonate  in  order  to  lessen  Acidity. — Neither 
adulteration  can  be  detected  without  a  chemical  examination.  Evaporate  beer 
to  a  thick  extract,  then  put  in  a  retort,  acidulate  with  sulphuric  acid,  and 
distil ;  if  calcium  or  sodium  acetate  be  present,  acetic  acid  in  large  quantity 
will  pass  over.  The  extract  always  contains  some  acetate,  but  only  in  small 
quantity. 

Ldme. — ^Evaporate  to  dryness  another  portion  of  beer,  incinerate,  dissolve  in 
weak  acetic  acid,  and  precipitate  by  ammonium  oxalate.  In  unadulterated 
beer  the  precipitate  is  moderate  only. 

Excess  of  soda,  for  some  always  exists  in  beer,  is  detected  with  much  greater 
difficulty,  and  it  will  be  well  not  to  attempt  this.  Mulder  states  that  the 
presence  of  too  great  a  quantity  of  lactates  may  be  determined  by  boiling  the 
beer  with  zinc  carbonate,  when  lactate  of  zinc  deposits,  f 

4.  Sodium  Chloride. — ^This  is  hardly  an  adulteration,  unless  a  very  large 
quantity  is  added.  |  Take  a  measured  quantity  of  the  beer ;  evaporate  to 
dryness ;  incinerate ;  dissolve  in  water,  and  determine  the  chlorine  by  the 
standard  solution  of  nitrate  of  silver.     (See  Analysis  of  Water.) 

*  In  his  speech  in  the  House  of  Lords  (April  17,  1872,  Tima^  report),  Lord  Kimberley 
stated  that  a  common  adulteration  is  as  follows :  —A  certain  amount  of  beer  is  drawn  ftx>m 
the  cask  of  84  gallons,  and  then  6  lb  of  "  foots^  (a  black  coarse  sugar),  Ik  gallon  of  ''  finings" 
(made  from  skins  of  soles  and  other  fish),  and  12  gallons  of  water  are  put  in  per  cask.  Tbis 
beer  is  ready  for  sale  in  two  hours,  and  must  be  drunk  in  two  days  or  it  goes  bad.  Salt  and 
copperas  are  added  by  some,  but  the  use  of  copperas  is  said  not  to  be  general  Ale  and  stout 
are  not  mixed  with  water,  but  "finings"  are  used.  See  page  277  for  the  list  of  deleterious 
articles  Hcheduled  in  the  Licensing  Act 

t  De  la  Bi^re  (French  edition),  1861,  p.  258. 
I.  i  The  Inland  Bevenue  office  allows  50  grains  of  sodium  chloride  per  gallon. 
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5.  Ferrous  Sulphate. — If  die  beer  be  light-coloured,  a  mixtme  of  potassfum 
ferricyanide  and  feirooyanide  (Faraday's  test)  may  be  added  at  once,  and  will 
give  a  precipitate  of  Prassian  blue ;  if  the  beer  be  yery  dark-coloured,  it  must 
be  decolorised  by  adding  solution  of  lead  subacetate  and  filtering. 

Or  evaporate  a  portion  of  beer  to  dryness  and  incinerate ;  if  any  iron  be 
present  the  ash  is  red ;  dissolve  in  weak  nitric  acid,  and  test  with  potassium 
f errocyanide.  Two  grains  of  ferrous  sulphate  to  nine  gallons  of  water  give  a 
red  asdi  (Hassall).  The  ash  of  genuine  porter  is  always  white,  or  greyish 
white  (Hassall). 

6.  Sulphuric  acidia  added  to  clarify  beer,  and  to  give  it  the  hard  flavour  of 
age.  If  the  beer  be  pale,  add  a  few  drops  of  hydrochloric  acid,  and  test  with 
barium  chloride.  A  very  dense  precipitate  may  show  that  sulphuric  acid  has 
been  added,  but  it  must  be  remembered  that  the  water  used  in  brewing  may 
contain  large  quantities  of  sulphate&  (The  Burton  spring  water  is  rich  in 
calcium  sulphate.)  If  there  be  a  large  precipitate,  then  determine  the  acidity 
of  the  beer  before  and  after  evaporation ;  if  the  amount  of  fixed  acid  be 
found  to  be  very  large,  there  will  be  no  doubt  that  sulphuric  acid  has  been 
added ;  or  precipitate  with  baryta  and  weigL     (See  Water.) 

Mulder  recommends  that  the  extract  of  the  beer  be  heated,  and  the  sulphur- 
ous acid  gas  which  is  disengaged  led  into  chlorine  water ;  sulphuric  acid  will 
be  found  in  the  chlorijie  water,  and  may  be  tested  for  as  usual 

7.  Alum. — Evaporate  to  dryness  ;  incinerate,  and  proceed  exactly  as  in  the 
analysis  of  alum  in  bread*  The  substance  added  to  give  "  head  "  to  beer  is  a 
mixture  of  alum,  salt,  and  ferrous  sulphate. 

8.  Burnt  Sugar — Essentia  bina — Foots, — ^Evaporate  beer  to  extract;  dissolve 
in  alcohol ;  evaporate  again  to  extract,  and  taste.  According  to  Pappenheim, 
these  substances  prevent  the  regressive  metamorphosis  of  the  tissues,  and  thus 
injure  health.  Burnt  sugar  is  added  to  porter  to  give  colour,  and  the  addi- 
tion is  not  illegal 

9.  Capsicum — Peppers — Grains  of  Paradise. — ^Evaporate  to  dryness 
carefully ;  dissolve  in  alcohol ;  filter ;  evaporate  very  carefully  to  dryness,  and 
taste  if  there  is  any  pungency.  In  fourteen  out  of  twenty  samples  of  illicit 
beer,  Mr  Phillips  found  that  grains  of  paradise  had  been  added.  It  is 
said  that  the  oils  of  pimenta,  zedoary,  and  ginger  are  sometimes  added. 

10.  Aloes. — The  taste  alone  is  not  reliable.  Dr  Koehler*  proposes  to 
evaporate  the  beer.  Dissolve  the  residue  in  nitric  acid,  when  a  yellowish-red 
liquid  is  obtained,  which  takes  a  deep  blood-red  colour  when  treated  with  liq. 
potass®  and  glucose,  or  with  liq.  potassse  and  either  cyanide  of  potassium  or 
sulphide  of  ammonium,  if  aloe-resin  is  present.  The  nitric  acid  solution  is  not 
decolorised  by  stannous  chloride ;  if  hops  only  have  been  used,  it  is  decolor- 
ised. 

1 1.  Colocynth. — ^The  residue  of  evaporated  beer,  heated  with  nitric  acid, 
yields  a  yellow  solution ;  with  concentrated  sulphuric  acid,  an  intense  red 
solution ;  and  a  cheny-red  colour  is  given  with  Froehde's  test  (molybdate  of 
sodium  dissolved  in  sulphuric  acid).t 

12.  Colchiein. — ^A  case  is  recorded  in  the  Med.  Times  and  Gazette  (May  16, 
1874,  p.  29)  by  Dr  Bottom  of  Faaborg,  in  Norway,  where  colchiein  was 
detect^  in  some  English  beer,  and  caused  symptoms  of  poisoning  (vomiting, 
diarrhcea,  burning  pain  in  the  head,  stomach,  &c) 

1 3.  Santonin. — Evaporate  beer  to  extract ;  treat  with  alcohol,  filter,  evaporate, 
and  prepare  the  santonin  as  usual  by  boHing  with  lime,  and  precipitating  by 
an  acid 

•  Bcfainidt's  Jahrh.,  1871,  No.  10,  p.  22.  f  Koehler,  op.  ciL 
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14.  Coeeulii^  indwus,' — ^Tt  is^  not  Known  wbether  muck  of  dris  iis  now  nsed. 
The  witnesses  examined  some  years  ago  (1856)  by  the  Committee  of  the 
House  of  CJommons  (Seholefield's)  all  doubted  it;  a  large  quantity  of  Coeculus 
indicus  is,  however,  annually  imported,  and  no  other  use  is  known.*  Ih  two 
instances  out  of  twenty  specimens  of  adulterated  beer,  analysed  in  1863  by  Mr 
Phillips,  Coccfdus  indictisvrsB  found  in  large  quantitiea 

For  the  detection  of  Picrotoxine,  Herapath  recommends  iJiat  the  beer  be 
first  treated  with  lead  acetate ;  filtered  ;  excess  of  lead  got  rid  of  by  sulphuretted 
hydrogen  ;  fluid  evaporated  to  a  small  bulk,  and  mixed  with  animal  chaicoaL 
llie  charcoal  absorbs  the  picrotoxine ;  it.  is  boiled  in  alcohol,  and  the  alcohol 
is  evaporated  on  slips  of  glass.  The  pierotoxine  crystallises  as  plumose  tufts 
of  circidar  or  oat-shaped  crystals. 

Dr  Langley  of  Michiganf  recommends  acidulating  ^e  beer  with  hydrochlowc 
acid  and  agitating  with  ether ;  the  etherial  solution  yields  on  evaporation 
crystals  of  picrotoxine. 

A  plan  devised  by  Depaire  is  considered,  by  Koehler  as  one  of  the  easiest 
and  at  the  same  time  the  best.  Mix  one  litre  of  beer  with  finely  powdered  rock 
salt :  resinous  and  extractive  matters  are  thrown  down.  Shake  the  liquid' 
with  ether ;  an  impure  picrotoxine  is  obtained,  which  can  be  purified. 

None  of  these  processes  will  give  more  than  ^b^^^  ^^'  *^®  picrotoxine. 

When  the  crystals  of  picrotoxine  are  obtaiiied,  test  them  as  follows  : — 

(a)  Rub  the  crystals  with  3  or  4  parts  of  pure  nitrate  of  potassium ;  add  1 
or  2  drops  of  strong  sulphuric  acid,  and  then  an  excess  of  strong  solution  of 
soda  or  potash.     A  bright  reddish-yellow  colour  is  given,  if'  picrotoxine  be 
present  (Langley). 

(b)  Dissolve  the  crystaLsin  strongsulphuric  acid;  a  yellow  fluid  is  obtained. 
Stir  it  with  a  glass  rod  which  has  been  dipped  iii  a  concentrated  solution  of 
potassium  bichromate ;  a  bluish  violet  colour-  is  obtained  (like  a  strychnine 
reaction),  which  changes  soon  into  brown,  brown  green,  and  at  last  aipple  green. 

(c)  If  a  good  deal  of  picrotoxine  is  obtained,  dissolve  it  in  water,  and  put 
a  snaall  fish  ih  the  water  ;  the  poisonous  effects  occur  in  a  short^time.- 

15.  Strt/ekmne  or  Nnx  Vomica, — ^This  is  a  very  uncommon  adulteration,  if 
it  ever  occur.  Add  animal  charcoal  to  the  beer ;  digest  for  twenty-fours  hours  ; 
pour  off  beer;  boil  liie  charcoal  in  alcohol ;  filter ;  evaporate  one-half ;  add  a 
few  drops  of  liquor  potassae  and  then  ether;  agitate;  pour  off  ether,  and 
evaporate  to  dryiaees;  test  for  strychnine  by  the  colour  test  (sulphuric  aeid 
and  bichromate  of'  potash,  or  peroxide  ollead,  or  manganese,  or  potassium 
permanganate).  X 

16.  Tobacco  is  occasionally  used  ;  in  twenty  specimens  of' iDicit  beer 
examined  in  1863,  by  Mr  Phillips  of -the  Inland  Bevenue  department;  tobacco 
was  found  in  one. 

17»  Picric  {TriniiropKenic)  Add, — Lassaigne  leoommends  the  addition  of 
subacetate  of  lead  and  animal  charcoal;  if  the  beer  has  still  a  yellow  colour; 
picrio  acid  is-  present.  But^  as  Midder  and  HassaU  observe,  many  beers 
destitute  of  picric  acid  remain  yellow.  Pohl  advises  to  add'white  uncombed 
wool ;  if  picric  acid  be  present^  it  stains  it.  Hiis  is  an  xmcertain  test.  H. 
Brunner  extracts  the  picric  acid  from  tiie  wool  with  hot  aqueous  ammonia ; 
concentrates  to  a  small  bulkj  and  tests  with  a  drop  of  solution  of  cyanide  of 
potassium.  A  red  coloration  of  isopurpurate  of  potassium  will  be  produced' if 
there  be  1  part  of  picric  acid  in  500,000  of*  water  (HassaU). 

*  It  is  said  to  be  obtainable  fh>m  wholesale  dmggists  under  the  name  of  wkiliuiih, 
.+  Chemical  News,  Sept.  6, 1862. 

X  Other  vegetable  bitters  are  used,  but  their  detection  is  difficult  and  uncertain.  Mr  Sorby 
recommends  the  spectroscope  for  detecting  calumba  root; 
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18.  Copper, — ^E^i^poiate  a  partion  of  the  beer  to  dryneae  ;  incineiBte  ; 
dissolve  in  weak  nitric  acid;  test  lor  copper  by  tbe  insertion  of  a  dean  knife  ; 
by  addition  of  anunonia  and  of  potassium  ferrocyanide. 

19.  Lead, — Evaporate  a  considerable  quantity  of  tbe  beer  to  dryness  ; 
indnerste  ;  dissolve  in  weak  nitric  acid,  and  i»st  for  lead  as  usuaL  (See 
Analysis  of  Water.) 

SuB-SbCTION  XL — WiNBS.* 

Composition, 

Tbe  composition  of  wine  is  so  various  that  it  is  difficult  to  give  a  summary. 
The  following  are  the  chief  ingredients  : — 

1.  Alcohol. — From  6  to  25  per  cent,  volume  in  volume,  of  anhydrous 
alcohoL  It  has  been,  however,  stated  that  the  fermentation  of  the  grape, 
when  properly  done,  cannot  yield  more  than  17  per  cent.,  and  that  any 
amount  beyond  this  is  added.!  Some  of  the  finest  wines  do  not  contain 
more  than  6  to  10  .per  cent. 

Per  cent  of  Alcohol 
(Vdume  In  Tohune;. 

Tart  {cmc^i^  in  JEngland^ 16*62}  to  23*2 


16-7 
15 

6-85 

11 
8-7 


11 

„  16 

7-S 

„  14-5 

8-9 

„  12 

9 

„  16 

5-8 

„  13 

6 

»  13 

6-7 

„  IB 

91 

„  15 

14 

„  19 

18 

..  18 

25 
22 
25 


18 


18-7 
137 


Sherry  (cuwli^ed  in  Migiand)y  .         .         .  .16 

Madeira  (analysed  in  England)^  .... 

Marsala  (analysed  in  England),  .... 

jBordeanx  wines,  jed  (mean  of  90  detosminatioiiB  of  h 

different  sorts:  CSiitteau  Xafite,  Margaox,  Xaroae,  > 

Borsac,  St  Emilion,  fit  Eat^phe,  kc,\  .        .  ) 

Bordeaux  winse,  white  (mean  of  27  determiDationB  ' 

of  sorte:  Saotemes,  Baisac,  Bei^entc,  &c.), 
Ithone  wines,  led  (Hermitage,  Montpellier,  Ercoi- 

tignan,  &c.),     •        .»       ^        «       ..         .        •.  j 

Bogjiillon,    . 

3iiigandy,  red  (Besune, -^Macon),    .         .         •         • 

„         white  (C&ablis,  Miacon,  Beaune),   . 
Pyiennean,  ........ 

Champagnes,        .••••••. 

Moeelles,      ......... 

Ehine  wines  ( JohaanusbsEg,   HoGhhsimeE^  Hiides-  ) 

heimer,  &c.),     .         .        .         .         .  .  j 

Hungarian  wima^  «        ..         ...        .         . 

Italian, 

Syria,  Corfu,  Somos,  fimyxna,  Hebron,  Lebanon,    .. 

So  Tarious  is  the  amount  of  alcohol  in  wines  from  the  same  district,  that  a 
Tery  general  notion  only  can  be  obtained  by  tables,  and  a  sample  of  the  vrine 
actually  used  must  generally  be-analyBed. 

*  For  a  fall  aoeonnt  of  wiJMS,  see  the  wodc  bj  Thadichum  aad  Dupr6  (Origin,  Nature,  and 
Use  of  Wine,  1872). 

t  Mulder  (On  Wine,  p.  186)  (raotes  Gnijal  to  ibe  eifect  that  pure  port  never  contains  more 
tiiAn  12*75  per  cent,  of  pore  ilcoliol ;  but  Mulder  doubts  this.  Dr  Goiman  Stated  before  the 
£ailiamentary  Committee  that  pure  sherry  never  contains  more  than  12  per  oent.  of  alcohol,  and 
that  6  or  8  gallons  of  brandy  are  added  to  108  gallons  of  sherry.  Thudichum  and  Dupri 
(On  Wine,  p.  o82),  state  that  a  natural  wine  may  contain  a  minimum  of  9,  while  the  maximum 
limit  ifl  16  per  cent,  (of  weight  in  volume).  They  also  state  that  a  pipe  of  115  gallons  of  port 
wine  has  never  less  tiian  8  gallons  of  brandy  added  to  it,  and  the  rich. port  wines  have  18  to  15 
;tallons  added.  It  would  seem  that  the  natural  wines  of  Australia  contain  a  laiger  quantity 
of  alcohol  in  some  instances  then  any  European  wine. 

X  Some  pOTt  used  in  the  Queen's  establishment  contained  only  16*62,  and  the  highest  per 
oentage  was  18-8  (Hofinann).  The  sherry  contained  only  16  per  cent.,  and  the  claret  6-6^to«7 
per  cent  The  highest  percentage  found  l^y  Thudichum  and  Dupre  in  port  wine  was  19*2  per 
oent.  of  weight  in  volume-'28'4  per  cent,  volume  in  volnme. 
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To  tell  how  mucli  pure  alcohol  is  taken  in  any  definite  quantity  of  wine, 

measure  the  wine  in  ounces,  multiply  it  by  the  percentage  of  alcohol,  and 

divide  by  100. 

9x13 
Example. — Wine  drank  being  9  oz.,  and  the  percentage  13,  then     ,. .. 

» 1*17  oz.  of  absolute  alcohol. 

I 

The  amount  of  alcohol  can  be  determined  by  distiQation  or  evaporation,  as 
given  in  the  section  on  Beer.  Instruments,  however,  are  required,  which  in- 
dicate a  less  specific  gravity  than  pure  water.  If  the  medical  officer  has  only 
a  common  urinometer,  the  only  plan  will  be  to  dilute  with  an  equal  part  of 
pure  water  at  60*",  and  then  to  add  a  little  salt,  so  as  to  bring  the  specific 
gravity  above  that  of  water  ;  then  evaporate  as  usual  Take  the  difference 
of  the  specific  gravities  (before  and  after  evaporation)  ;  deduct  from  1000, 
and  look  in  the  table  (p.  281)  for  the  amount  of  alcohol  in  the  diluted  wine; 
by  multiplying  the  result  by  2,  the  percentage  of  alcohol  in  the  undiluted  wine 
is  found.  Sometimes,  besides  ethyl  alcohol,  small  quantities  of  propyl,  butyl, 
and  amyl  alcohols  are  found  in  wine.  A  little  acet-aldehyde  is  present  in  some 
Greek  wines  (Thudichum  and  Dupr6),  but  is  not  considered  to  indicate  un- 
soundness.* 

2.  Ethers, — CEnanthicy    citric,   malic,   tartaric,   racemic,   acetic,   butyric^ 
'  caprylic,  caproic,  pelargonic,  and  many  others.    Dr  Dupr^  states  that  there  are 

25  or  even  more  compound  ethers  in  wine,  and  some  of  them  are  in  very 
small  quantities.  The  '*  bouquet "  of  wine  is  partly  owing  to  the  ethers 
(especially  to  the  volatile) — ^partly,  it  is  said,  to  extractive  matters.  (Enanthic 
ether  is  that  which  gives  its  characteristic  odour  to  wine.  Dr  Dupr6  has 
given  a  very  good  plan  of  estimating  the  amount  of  the  volatile  and  non- 
volatile ethers,  but  it  is  too  delicate  for  medical  officers.! 

3.  Albuminous  Matters — Extractive  ColouriTig  Matter, — The  quantity  of 
albumen  is  not  great  j  the  extractives  and  colouring  matter  vary  in  amount. 
The  colouring  matter  is  derived  from  the  skins  ;  it  is  naturally  greenish  or 
blue,  and  is  made  violet  and  then  red  by  the  free  acids  of  wine.  The  bluish 
tint  of  some  Burgundy  wines  is  owing,  according  to  Mulder,  to  the  very  small 
amount  of  acetic  acid  which  these  wines  contain.  It  is,  according  to  BatUliat, 
composed  of  two  matters — ^rosite  and  purpurite.  With  age  changes  occur  in 
the  extractive  matters  ;  some  of  it  falls  (apothema),  especially  in  combination 
with  tannic  acid,  and  the  wine  becomes  pale  and  less  astringent. 

4.  Sugar  exists  in  varying  amounts,  and  in  the  form  for  the  most  part  of 
fruit  sugar.  Sherry  generally  contains  sugar,  but  not  always  ;  it  averages  8 
grains  per  ounce,  {  and  appears  to  be  highest  in  the  brown  sherries,  and  least 
in  Amontillado  and  Mazanilla.  In  Madeira  it  varies  from  6  to  66  grains  per 
ounce  ;  in  Marsala  a  little  less ;  in  port,  from  16  to  34  grains  per  ounce,  b^ng 
apparently  greatest  in  the  finest  wine.  In  champagne  it  amounts  to  from  6 
to  28  grains,  the  average  being  about  24  grains.  La  the  clarets,  Burgundy, 
Ehine,  and  Moselle  wines,  it  is  absent,  or  in  small  amount. 

In  determining  the  sugar,  if  the  copper  solution  (p.  264)  be  used,  the 
colouring  matter  is  acted  on  by  the  alkali  of  the  copper  solution,  and  interferes 
with  the  appreciation  of  the  change  of  tint,  and  must  be  got  rid  of  by  acetate 
of  lead,  animal  charcoal,  boiling,  and  filtering.  If  any  substance  exists  which 
is  still  turned  green  by  the  alkali  of  the  copper  solution,  the  wine  must  be 
neutralised,  evaporated  to  dryness,  and  the  sugar  dissolved.     As  a  rule,  the 

^   *  If  it  is  present  in  white  wines  (such  as  Santernes)  it  is  a  certain  sign  of  nnsonndneas. 
+  Chem.  Journal,  Nov.  1867,  and  "  Origin,  Nature,  and  Use  of  Wine." 
X  Bence  Jones  in  "  Mulder  on  Wine,"  p.  886. 
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copper  solution  employed  directly  with  wine  gives  ^  per  cent,  too  much  sugar 
(Fehling),  and  a  correction  to  this  amount  should  be  made.* 

5.  Fat, — ^A  small  amount  exists  in  some  wine. 

6.  Free  Adda. — ^Wine  is  acid  from  free  acids  and  from  acid  salts,  as  the 
bitaitrate  of  potash.  The  principal  acids  are  racemic,  tartaric,  acetic,  malic, 
tannic  (in  small  quantities),  glucic,  succinic,  lactic  (?),  carbonic,  and  fatty 
acids,  such  as  formic,  butyric,  or  propionic.  Some  acids  are  volatile  besides 
the  acetic,  but  it  does  not  seem  quite  certain  what  they  are.  The  tannic  acid 
is  derived  from  the  skins  ;  it  is  in  greatest  amount  in  new  port  wines  ;  it  is 
trifling  in  Madeira  and  the  Ehine  wines  ;  it  is  present  in  all  white  and  most 
red-fruit  wines,  except  champagne.  The  tannic  acid  on  keeping  precipitates 
with  some  extractive  and  colouring  matter  (apothema  of  tannic  acid). 

7.  Salts. — The  salts  consist  of  bitartrate  of  potassium,  tartrates  of  calcium 
and  sodium,  sulphate  of  potassium,  a  little  phosphate  of  lime  and  magnesia, 
chloride  of  sodium,  and  iron.  The  magnesia  is  in  larger  amount  than  the 
lime,  and  exists  sometimes  as  malate  and  acetate.  A  little  manganese  and 
copper  have  been  sometimes  found.  In  Ehine  wine  a  httle  ammonia  is  found 
(Mulder).  The  total  amount  of  salts  is  '1  to  *3  per  cent. — i.e.y  about  9  to  26 
grains  per  pint,  or  |  to  1  ^  grain  per  ounce.  The  salts  can  only  be  detected 
by  evaporation  and  ignition. 

8.  The  total  solids  in  wine  vary  from  3  to  14  per  cent.,  or  in  some  of  the 
rich  liqueur-like  wines  to  more.  The  specific  gravity  depends  upon  the 
amount  of  alcohol  and  of  solids,  and  varies  from  '973  to  1*002  or  more.  An 
approximate  notion  can  be  formed  of  the  total  solids  by  taking  the  specific 
gravity,  after  driving  off  the  alcohol  by  evaporation,  and  then  replacing  the 
water  (see  Beer,  p.  278). 

EXAMINATION  OF  WINE. 

The  quality  of  wine  can  be  best  determined  by  noting  the  colour, 
transparency,  and  taste,  and  then  determining  the  following  points  : —     • 

(1.)  The  amount  of  solids  as  given  by  the  specific  gravity  eGPter  the  elimina- 
tion of  the  alcohol  In  the  best  clarets,  before  the  loss  of  alcohol,  the  specific 
gravity  is  very  nearly  that  of  water.  In  some  claret  used  in  the  Queen's 
establishment,  and  analysed  by  Dr  Hofmann,  the  specific  gravity  was  '9995?. 
In  other  clarets  it  is  as  low  as  *995.  The  low  specific  gravity  shows  that 
alcohol  has  been  added,  or  that  the  solids  are  in  small  amount. 

(2.)  The  amount  of  alcohol ;  a  very  small  amount  may  show  the  addition 
of  water  ;  a  large  amotmt  the  addition  of  spirits. 

(3.)  The  amount  of  free  acidity.  This  is  an  important  point,  as  it;  seems 
clear  that  some  persons  (especially  the  sick)  do  not  readily  digest  a  latge 
amount  of  acid  and  acid  salts. 

The  amount  is  determined  by  the  alkaline  solution,  as  described  in  the  sec- 
tion on  Beer,  or  if  this  is  not  procurable,  the  dried  carbonate  of  sodium  can 
be  used,  llie  free  acidity  is  generally  reckoned  as  crystallised  tartaric  acid 
(C4HgOg).  There  is  both  fixed  and  volatile  acidity ;  the  relative  amount  of 
the  two  is  difficult  to  determine  satisfactorily,  as  some  acid  may  be  formed  on 
distillation.  The  distillation  should  be  conducted  at  a  low  temperature,  so  as 
not  to  decompose  the  fixed  compound  ethers.  The  volatile  acidity  is  reckoned 
as  glacial  acetic,  the  fixed  as  tartaric  acid. 

The  amount  of  free  acidity  varies  greatly  even  in  the  same  kind  of  wines ;  the 
least  acid  wines  are  sherry,  port,  champagne,  the  best  claret  and  Madeira ;  the 

*  The  addition  of  eztraneoos  sugar  to  wine  may  be  detected  by  the  use  of  the  saccharometer 
along  with  Fehling's  solution. 
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moie  acid  winee  are  Bingundy,  Bhine  wine,  Moeelle  (Bence  Jones).  The 
amount  of  free  acid  in  good  olaietB  is  equal  to  2  or  4  grains  of  tartaric  acid 
per  ounce  ;  in  common  clarets  and  in  Beaigolais,  it  may  be  4  to  6  grains,  and 
in  some  extremely  acid  wines  it  may  be  even  mare  than  this.  In  the  best 
champagnes  it  is  2  to  3  grains  usually ;  but  it  has  been  known  to  reach  in  ex- 
cellent champagne  1*12  per  cent,  or  4*8  grains  per  ounce.*  In  port 
it  averages  2  to  2^  grains,  but  may  reach  4  grains ;  in  sherry  1^  to  2^  grains ; 
in  the  Ehine  wines,  3^  to  4  or  6  grains.  ThudichumandDupr^  state  that  in 
good  sound  wine  the  amount  of  hee  acidity  ranges  from  '3  to  *7  par  oent.,  or 
from  1*3  to  3  grains  per  ounce. 

The  taste  of  wine  does  not  depend  entirely  on,  but  yet  is  very  greatly  in- 
fluenced by  the  degree  of  acidity.  Mr  Grriffin  f  states  that  good-tasted  wine 
contains  from  1*87  to  2*8  grains  of  crystallised  tartaric  acid  per  ounce  ;  that 
if  it  contains  less  than  1  '87  grains  it  tastes  flat ;  that  if  more  than  3  grains 
per  ounce,  the  wine  is  too  acid  to  be  agreeable  ;  if  move  than  4*37  grains  per 
ounce  (1  per  cent.),  it  is  too  acid  to  be  drunk.  These  numbers  axe  rather 
lower  than  I  should  have  supposed.) 

(4.)  The  amount  of  sugar.  The  best  modes  of  determining  this  have  been 
already  noticed. 

(5.)  It  may  be  sometimes  useful  to  determine  the  amount  and  kind  of  etbeiB 
by  fractional  distillation. 

Excessive  acidity  of  wine  can  be  corrected  by  adding  neutral  tartrate  of 
potash.  Milk  is  also  often  used.  The  addition  of  the  carbonated  alkalies,  or 
of  chalk,  alters  the  bouquet  of  the  wine.  When  wine  becomes  stringy,  in 
whicb  case  acetic  and  lactic  acids  are  formed,  it  may  be  improved  by  adding  a 
little  tea ;  about  I  ounce  of  tea  boiled  in  2  quarts  of  water  should  be  added  to 
about  40  gallons  of  wine.  Bitter  wine  is  treated  with  hard  water  or  sulphur ; 
bad  smelling  wine  with  charcoal ;  too  astringent  wine  with  gelatine  ;  wine 
which  tastes  of  the  cask  with  olive  oiL§ 

Adulterations  of  WinB. 

1.  Water. — ^Known  by  taste  ;  amount  of  alcohol ;  speciflc  gravity  after 
elimination  of  alcohoL 

2.  Distilled  Spirits. — Xnown  by  determining  the  amount  of  alcohol ;  the 
'  normal  percentage  of  the  particular  kind  of  wine  being  known.    By  fractional 

distillations  the  peculiar-smelling  fusel  oils  may  be  obtained  ;  or  merely 
rubbing  some  of  the  wine  on  the  hand,  and  letting  it  evaporate,  mi^  enable 
the  smell  of  these  ethers  to  be  perceived. 

3.  Artificial  Colouring  Matters. — ^The  following  are  the  chief  colouring 
matters,  as  stated  by  Thudichum  and  Dupr^  Logwood  is  the  great  colouring 
materisd,  and  also  blackberries,  elderberries,  and  bilberries.  There  are  no 
good  methods  of  recognising  these  substances  ;  salts  of  lead,  ammonia,  and 
ammonium  sulphide,  cdum,  and  potassium  or  ammonium  carbonate,  and  salts 
of  tin  have  been  used  as  re-egents.  The  most  useful  test  appears  to  be  this  : 
add  to  the  wine  about  ^th  volume  of  strong  solution  of  alum  ;  stir  well,  and 
then  add  about  an  equal  quantity  of  strong  solution  of  ammonium  carbonate ; 

*  This  was  the  case  in  some  champagne  eouunined  by  Dr  Hofinaiui. 

t  Report  on  Cheap  Wine,  bv  R.  Dnutt,  M.D.,  p.  178. 

X  From  13  analyses  of  sound  ordinary  port,  I  found  the  mean  acidity  to  be  1*97  per  onnoe  ; 
in  some  samples  of  sheiTy,  1*90  ;  marsala,  1*6 ;  light  daret,  81 ;  in  a  latber  sonr  duet,  4*0 ; 
in  a  sample  of  Montilla,  a  fine  wine,  but  too  add,  8*15.    (F.  de  C.) 

§  Wine  is  subject  to  several  diseases,  which,  accordingto  Pasteur,  depend  on  diiferent  kinds 
of  ferments  (see  Review  on  Hygiene  in  Army  Medical  Department  Report,  vol.  vii.  p.  840). 
By  heating  the  wine  to  about  125*'  to  18r  SUir.  these  "inyoodnnif"  an  killed,  and  the  wine 
undergoes  no  further  change. 
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the  natural  colouiiiig  matter  of  the  wine  when  thrown  down  in  this  way  has 
a  greenish  or  dirty  hluish-green  colour,  but  there  is  no  tinge  of  red ;  logwood 
and  several  other  abnormal  colours  have  a  distinct  red  or  purplish  tint* 

4.  Lime  SaUs. — ^The  so-called  '^  plfttrage  "  of  wines  consists  in  the  addition 
ofl^fi>to7]bofa  mixture  of  sulphate  of  lime  (80  parts),  carbonate  of  lime 
(12),  quicklime  and  sulphide  and  chloride  of  calcium  (8  parts)  to  1  hectoUtre 
of  wine.  Sulphate  of  lime  dissolves  in  large  proportion,  and  then  inter- 
changes with  the  chloride  of  potassium,  and  chloride  of  calcium  and  sulphate 
of  potassium  are  formed.  The  chalk  forms  acetate  and  tartrate  of  lime.  The 
proportion  of  lime  salts  is  then  very  large.  The  only  precise  way  of  detecting 
this  adulteration  is  by  evaporating  to  dryness,  inciaerating,  and  determining 
the  amount  of  lime.  But  the  following  method  is  shorter,  and  will  generally 
answer.  The  natural  lime  salts  of  wine  are  tartrate  and  sulphate ;  when  lime 
is  added  an  acetate  of  lime  is  formed.  Evaporate  the  wine  to  -^th ;  add 
twice  the  bulk  of  strong  alcohol ;  the  acetate  of  lime  is  dissolved,  but  not 
the  sulphate  or  tartrate ;  filter  and  test  with  oxalate  of  ammonium ;  if  a  large 
precipitate  occur,  lime  has  probably  been  added. 

5.  Tannin  may  be  detected  either  by  chloride  of  iron  or  by  adding  gelatine. 
But  as  tannin  exists  naturally  in  most  of  the  red  wines  (Port,  Beaune, 
Boussillon,  Hermitage,  &c.),  the  question  becomes  often  one  of  quantity. 
The  amount  of  tannin  can  be  estimated  by  drying  the  tannogelatine  (100 
grains  contain  40  of  tannin). 

6.  Alum, — This  is  detected  precisely  in  the  same  manner  as  in  bread. 
Evaporate  a  pint  of  the  wine  to  dryness ;  incinerate,  and  then  proceed  as 
directed  in  Brbad. 

7.  Lead, — ^Evaporate  to  dryness,  and  incinerate  ;  dissolve  in  dilute  nitric 
add,  and  test  as  directed  under  the  head  of  Watbb, 

8.  Copper. — Decolorise  with  animal  charcoal,  and  test  at  once  with 
f errocyanide  of  potassium. 

9.  Older  and  Perry, — ^Evaporate  wine,  and  the  peculiar  smell  of  the  liquids 
will  be  perceived. 

Port  wine,  as  sold  in  the  market,  is  stated  to  be  a  mixture  of  true  Port, 
Marsala,  .Bordeaux,  and  Cape  wines  with  brandy.  Inferior  kinds  are  still 
more  highly  adulterated  with  logwood,  elderberries,  catechu,  prune  juice,  and 
a  little  sandalwood  and  alum.  Beceipts  are  given  in  books  for  aU  sorts  of 
imitation  wines. 

Sub-Section  m. — Spirits. 

The  Queen's  Begulations  for  the  Army  (1868,  sec.  1010),  forbid  the  sale  of 
spirits  in  canteens  at  home,  but  permit  it  in  foreign  stations  at  the  option  of 
the  commanding  officer. 

Brandy  contains,  besides  alcohol,  oenanthic  ether,  acetic,  butyric,  and 
valerianic  ethers.  Tannin  and  colouring  matter  from  the  cask,  or  from 
caramel,  are  present.  If  sugar  is  present  in  any  quantity,  it  must  have  been 
added.  The  inferior  kinds  of  brandy,  prepared  from  potatoes  as  weU  as  grain, 
contain  potato  fusel-oiL  Bum  contains  a  good  deal  of  butyric  ether,  to  which 
the  aroma  is  chiefly  owing.  Gin,  besides  containing  the  oil  of  juniper,  is 
flavoured  with  various  aromatic  substances,  as  Galamtis  aromaticus,  coriander, 
cardamoms,  cinnamon,  almond- cake,  and  orange-peel ;  Cayenne  is  often  added. 


*  Malder  speaks  very  doubtfully  of  all  such  tests  ;  they  seem,  however,  better  than  nothing. 
Probably  the  spectrum  analysis  will  hereafter  afford  the  best  means  of  identification.  On 
the  colouring  matter  of  wine,  see  Dudaux,  Gomptes  Bendus  de  TAcad^mie  dee  Sciences,  T. 
Izxviii.,  No.  16,  April  1874,  p.  U60 ;  also,  Report  on  Hygiene,  Army  Med.  Reports,  vol.  xr.  p. 
190. 
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Whisky  often  derives  a  peculiar  flavour  from  the  malt  being  dried  over  peat 
fires,  or  by  the  direct  impregnation  of  peat  smoke.* 

Composition  of  Spirits, 
The  following  table  gives  the  chief  points  of  importance  : — f 


Name. 

Sp.  KT.  at 
62*  F. 

Alcohol 
percent. 

Solids 
per 

COlt. 

Ash 
percent 

Acidity 
per  onnce, 

reckoned 

as  tartaric 

acid. 

Sogar 
percent. 

Brandy,    .     . 
Gin,     .     .     . 
Whisky,  .     . 
Rum,  . 

•929- -984 
•980- -944 
•915- -920 
•974--926 

60-60 
49-60 
60-60 
60-77 

1-2 
•2 
•6 

1 

•06  to  -2 
•1 
trace 
•1 

1  grain 
0-2 
0-2 
0-5 

0  or  traces 

1 
0 
0 

Alcohol  as  an  Article  of  Diet  in  Health.^ 

In  endeavoimng  to  determine  the  dietetic  value  of  alcoholic  beverages,  it  is 
desirable  to  see,  in  the  first  place,  what  are  the  effects  of  their  most  important 
constituent,  viz.,  alcohol. 

Three  sets  of  arguments  have  been  used  in  discussing  this  question,  drawn, 
namely,  from — 

1.  The  physiological  action  of  alcohol 

2.  Experience  of  its  use  or  abuse. 

3.  Moral  considerations. 

To  the  last  point  I  shall  not  further  allude,  for  though  I  do  not  underrate 
the  great  weight  of  the  argument  drawn  from  the  misery  which  the  use  of 
alcohol  produces, — a  misery  so  great  that  it  may  truly  be  said,  that  if  alcohol 
were  unknown,  half  the  sin  and  a  large  part  of  the  poverty  and  unhappiness 
in  the  world  would  disappear, — ^yet  this  part  of  the  subject  is  so  obvious  that 
I  do  not  wish  to  occupy  space  with  it.  To  my  mind,  however,  the  arguments 
which  are  strongest  for  total  abstinence  are  drawn  from  this  class.  Nor  does 
any  one  entertain  a  moment's  doubt  that  the  effect  of  intemperance  in  any 
alcoholic  beverage  is  to  cause  premature  old  age,  to  produce  or  predispose  to 
numerous  diseases,  and  to  lessen  the  chance  of  living  very  greatly.     The  table 


*  It  may  be  worth  while  to  give  the  names  of  some  of  the  distilled  spirits  used  in  different 
parts  of  the  world,  as  the  army  snigeon  may  meet  with  them  in  the  course  of  service  :  — 

Nations  by  whom  employed. 
Hindus,  Malays.  &c., 
Greeks,  Turks,  &c., 
Hindus, 

„        (Mahrattas), 
„        (Sikkim), . 
Chinese, 
JajHrnese, 
Pacific  Islandeis, 
Mexicans, 
South  Americans, 
Tartars, 

Russians  and  Poles, 
Abyssinians, 

•f  This  table  is  chiefly  taken  from  Bence  Jones'  Observations ;  Appendix  to  Mulder  on 
Wine.  p.  889 ;  and  from  Hassall's  Food  and  Adulteration,  p.  646. 

X  The  subject  of  spirits  in  sickness  is  another  point  alto$;ether.  I  believe  they  are  often  of 
peat  use,  although,  like  every  other  strong  medicine,  they  require  to  be  ^ven  carefully.  The 
iQKhionable  plan  of  giving  great  quantities  of  strong  apirits  is  happily  dymg  out,  and  is  being 
replaced  by  a  more  careftd  practice. 


Name. 

Obtained  from. 

Arrack. 

Rice  or  Aieca-nut* 

Raki. 

Rice. 

Toddy. 

Cocoa-nut. 

Bojah. 

Eleusine  Corocana. 

Murwa. 

f>                      99 

Sam  shoo. 

Rice. 

S&cie. 

•  •  • 

KaAva. 

Macropiper. 

Pulque. 

Agave. 

Chica. 

Maize. 

Koumiss. 

Mares'  milk. 

VodkL 

Potato. 

Tallah. 

MiUet. 
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given  below,*  taken  from  Nelson's  "  Vital  Statistics/'  puts  this  in  a  strong 
light 

The  physiological  argoment  for  the  use  or  disuse  of  alcohol  requires  to  be 
used  with  caution,  as  our  knowledge  of  the  action  of  pure  alcohol  (much  more 
of  the  alcoholic  beverages)  is  imperfect. 

When  taken  into  the  stomach,  alcohol  is  absorbed  without  alteration,  or  is 


Effects  of  intemperuioey  Neison's  Statistics/'  p.  217,  et  Mq. : — 

Ratio  per  cent,  frcm  the  under-mentioned  Causes,  to  Deaths  from  all  Causes. 


CftuM  of  Death. 

1847. 

Gotha  Life 
Office. 

Scottish 
Widows*  Fnnd. 

Intemperate 
Llvei. 

Head  diseases,       .... 
Digestive  organs  (especially  those  > 
of  the  liver),       .        .        .        .  > 
Respiratory  organs, 

Total  of  above  three  classes,     . 

9-710 

6*240 

83-150 

16*176 

8-877 

27-843 

20-720 
11-994 
28-676 

27-10 
28-8 

22-98 

49*100 

51-896 

56-890 

78-88 

It  thus  appears  that  the  intemperate  have  a  much  greater  mortality  from  head  and  digestive 
diseases  than  other  classes. 

In  intemperate  persons  the  mortality  at  21-80  years  of  age  is  five  times  that  of  the  tempe* 
rate ;  from  80-40  it  is  four  times  as  great.    It  becomes  gradually  less. 


A  Temperate  person's  chance 
of  lirinir  is, 

At  20  -  44-2  years. 
80  =  86-5 
40-28-8 
50- 21-25    „ 
60  - 14-285 


99 
99 


19 
9» 


99 


t9 


An  Intemperate  person's  chance 
of  living  is. 

At  20  -  15-6  years. 

30  - 18-8 

40-11-6 

50  - 10-8 

60-   8-9 


99 
»9 


t9 
99 
99 


» 


99 


99 
99 


9* 


9* 


»9 


All  these  deductions  appear  to  be  drawn  fh)m  observations  on  857  persons  with  6111-5  years 

of  life.    The  facts  connected  with  these  persons  are  well  aathenticatea,  but  the  number  is  small. 

The  average  duration  of  life  after  the  commencement  of  the  habits  of  intemperance  u 

Among  mechanics,  working  and  labouring  men,  ...        18  years. 

traders,  dealers,  and  merchants, 17 

professional  men  and  gentlemen, 15 

females, 14     .. 

Those  who  are  intemperate  on  spirits  have  a  greater  mortality  than  those  intemperate  on  beer. 
Those  who  are  intemperate  on  spirits  and  beer  have  a  slightly  greater  mortality  than  those 
intemperate  on  only  spirits  or  beer,  but  the  difference  is  immaterial. 

Mortality  per  annnm. 
Spirit  drinkers,        ....       5*996  per  cent  (nearly  60  per  1000). 
Beer  drinkers,  ....        4-597  per  cent,  (nearly  46  per  1000). 

Spirit  and  beer  drinkers,  .  6*194  per  cent,  (nearly  62  per  1000). 

Very  striking  evidence  in  favour  of  total  abstinence,  as  contrasted  with  moderation,  is 
given  by  the  statistics  of  the  United  Kingdom  Temperance  and  General  Provident  Institu- 
tion. One  section  consists  of  abstainers,  another  of  persons  selected  as  not  known  to  be  intem- 
})erate.  The  claims  for  five  years  (1860-70),  anticipated  in  the  Temperance  section  were 
£1(M),446 ;  but  there  Were  actuaUy  only  claims  for  £72,676.  In  the  general  section,  the  antici- 
patea  daims  were  £196,352  ;  and  the  actual  claims  were  no  less  than  £230,297.  The  much 
greater  longevity  of  the  abstainer  is  better  seen  by  the  amount  'of  bonuses  paid  to  each 
£1000  whole-life  policy  in  the  two  sections  for  the  same  five  years. 


Age  at 
Entrance. 

Premiums  Paid. 

Bonus  added  in 

Temperance 

Section. 

Bonus  added  In 
General  Section. 

£    s.    d. 

£    s.    d. 

£    s.    d. 

15 

88    2    6 

61    1    0 

35  10    0 

20 

98    6    8 

64    0    0 

87    0    0 

25 

106    9    2 

68  10    0 

40    0    0 

80 

122    1    8 

74    0    0 

48    0    0 

85 

188  19    2 

78  19    0 

46    0    0 

40 

162    6  10 

86    0    0 

50    4    0 

45 

188  10  10 

92  18    0 

54    0    0 

60 

226    5    0 

104    2    0 

60  18    0 

55 

284    8    4 

122  14    0 

71  11    0 

At  every  age,  therefore,  the  abstainer  has  a  very  great  advantage.    Mr.  Vivian,  the  Ti-esideDt 
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perhaps  in  some  small  degree  conyerted  into  acetic  acid,  possibly  by  the 
action  of  the  mucus  or  secretion  of  the  stomach.  The  rate  of  absorption  is 
not  known,  and  it  has  been  supposed  that  when  given  in  very  large  quantities 
it  may  not  be  absorbed  at  alL  As  far  as  I  am  aware,  it  has  not,  however, 
been  recovered  from  the  fseces  in  any  great  amount.  After  absorption  it 
passes  into  the  blood  and  then  throughout  the  body  ;  if  the  observations  of 
Schulinus*  are  correct,  it  is  equally  distributed,  and  does  not  accumulate,  as 
was  formerly  supposed,  in  the  liver  and  nervous  tissue.  It  can  easily  be 
detected  in  all  the  organs  soon  after  it  is  taken.  It  commences  to  pass  out 
from  the  body  speedily,  as  it  may  be  detected  in  the  breath  soon  after  it  is 
taken  ;  it  emerges  by  the  lungs,  by  the  skin,  in  smaller  quantities  by  tbe 
urine,  and  slightly  by  the  bowels,  or  this  may  be  merely  from  unabsorbed 
portions  passing  out.  The  amount  recoverable  from  all  these  channels  is 
usually  small,  t  but  occasionally,  when  very  large  quantities  have  been  taken, 
the  kidneys  excrete  it  largely,  so  that  the  specific  gravity  of  the  urine  has 
been  below  that  of  water,  and  distillation  has  given  an  inflammable  fluid.  { 
Much  debate  has  taken  place  as  to  whether  all  or  how  much  of  the  alcohol 
is  thus  eliminated,  and  whether  any  is  destroyed  in  the  body.  The  experi- 
ments of  Dr  Percy,  and  subsequently  of  Strauch,  and  especially  of  Masing  in 
Buchheim's  laboratory  at  Dorpat,  followed  as  they  were  by  the  confirmatory 
observations  of  MM.  Perrin,  Lallemand,  and  Duroy,  seemed  at  one  time  to 
have  settled  the  question,  and  to  have  proved  that  alcohol  is  very  little  or  not 
at  aU  destroyed  in  the  body.  Since  then  the  criticisms  and  experiments  of 
Baudot,  and  especially  the  observations  of  Schulinus,§  Anstie,||  Dupr6,  and 
Subbotin  have  again  altered  the  position,  and  although  the  experimental 
evidence  is  incomplete  (chiefly  on  account  of  the  difficulty  of  collecting  the 
amount  given  off  by  the  lungs  and  skin),  the  opinion  that  some,  and  perhaps 
much,  alcohol  disappears  in  the  body  is  generally  admitted.ir 


of  the  Temperance  and  General  Provident  Institution,  brought  before  the  British  Association 
at  Bristol  in  1875  the  following  statistics: — 


1 

rears, 

Abstinence  Section. 

Oeneral  Seetian. 

Expected. 

ActQsL 

Expected. 

Actual. 

1866-70  (5  years). 
1871-74  (4  yeare). 
Totals    (9  years). 

649 

561 

1130 

411 
890 
801 

1008 

994 

2002 

944 
1033 
1977 

On  the  gold  coast  daring  the  Ashantee  War  the  eTidenoe  (slight  as  it  was)  was  decidedlr 
in  favour  of  the  teetotallers.  (Parkes,  On  the  Issue  of  a  Spirit  Ration,  p.  28, 1875). 

•  Archiv.  derHeUk.,  1866,  p.  97. 

t  Experiments  on  this  point  by  Schulinus,  Anstie,  Dapr6,  Thudichum,  and  others,  prove 
that  ordinarily  the  urinary  elimination  is  slight.  When  it  becomes  at  all  marked,  or  even  when 
it  occurs  at  all,  the  detection  of  alcohol  by  potassium  bichromate  and  sulphuric  acid  has  been 
proposed  by  Anstie  as  an  indication  of  the  point  when  as  much  alcohol  has  been  taken  as  can 
oe  aisposed  of  by  the  body. 

I  A  good  case  is  given  by  Dr  Woodman  (Medical  Mirror,  July  1865). 
g  Archiv.  der  Heuk.,  18o6. 

It  Lancet,  1868. 

II  The  amount  eliminated  by  these  channels  has  been  yarionsly  stated.  The  latest  observa- 
tions are  by  Dui>r^*  Anstie,  and  Subbotin.  +  According  to  Dnpn&,  from  experiments  on  himself, 
the  amount  eliminated  by  the  urine  and  breath  (he  did  not  examine  the  akin)  is  only  a  minnte 
firaction  of  that  taken  in,  and  it  takes  place  chiefly  in  the  first  nine  hours ;  siibsequently  the 
amount  is  excessively  small.  When  taken  day  after  day  there  is  no  accumulation  of  alcohol,  so 
that  the  inference  is,  that  as  so  little  is  eliminated  almost  all  must  be  destroyed.  Subbotin*s 
experiments  were  on  rabbits  enclosed  in  a  closed  chamber  through  which  the  air  was  slowly 
drawn.    Like  Dupr6,  he  determined  the  amount  by  oxidising  the  alcohol  obtained  into  acetic 

«  Proceedings  of  Royal  Society,  No.  188,  p.  288  (1872.)    t  Zettschrift  fllr  BloL  hand  vU.  page  861  (187S), 
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If  alcohol  is  destroyed  in  the  body,  through  what  stages  does  it  pass  1  The 
statement  of  Duchek,  that  it  forms  aldehyde,  has  been  disproved.  Its  easiest 
transformation  out  of  the  body  is  into  acetic  acid ;  but,  when  animals  are 
poisoned  with  alcohol,  Buchheim  and  Masing  could  detect  no  acetic  acid  in 
the  blood  ;  still,  the  amount  would  be  so  small  it  might  be  overlooked,  or  the 
acetic  acid  might  be  soon  transformed.  Lallemand,  Perrin,  and  Duroy  could 
find  no  oxalic  acid.  If  it  be  true  that  the  pulmonary  carbonic  acid  is  lessened, 
it  cannot  be  oxidised  to  carbonic  acid  and  eliminated  by  the  lungs  unless  the 
transformation  of  some  other  substance  ordinarily  furnishing  carbonic  acid  is 
arrested.  The  mode  of  destruction  is,  in  fact^  unknown.  The  only  point 
which  throws  any  light  upon  it  is  the  slight  increase  of  acidity  in  the  urine 
during  the  use  of  alcohol,  which  looks  as  if  an  acid  of  some  kind  were  formed 
out  of  it. 

Present  experiments  show,  then,  that  some  portion  passes  out,  and  another, 
and  probably  the  larger  portion^  is  gradually  destroyed.  The  place  where  the 
partial  destruction  of  alcohol  occurs  is  yet  doubtful ;  but  it  is  impossible  that 
the  transformation  takes  place  in  the  various  gland-cells  in  which  almost  all, 
or  all,  the  changes  in  the  body  take  place.  As  the  change  out  of  the  body 
which  most  easHy  occurs  is  the  formation  of  acetic  acid,  it  seems  at  present 
most  likely  that  some  of  the  alcohol  is  thus  transformed.  The  acetic  acid 
would  then  unite  with  the  soda  of  the  blood,  and  a  carbonate  would  eventually 
be  formed  which  would  be  eliminated  with  the  urine,  as  is  the  case  when 
acetates  are  taken.*  This  would  account  for  the  pulmonary  carbonic  acid 
not  being  increased.  If  this  view  be  correct,  the  use  of  alcohol  in  nutrition 
would  be  limited  to  the  effects  it  produces,  first  as  alcohol,  and  subsequently 
as  acetic  acid,  when  it  neutralises  soda,  and  is  then  changed  into  carbonate. 

add  by  chromic  acid  ;  but  he  found  that  not  inconsiderable  quantities  (nicht  unbetrachtliche 
Mengen)  were  eliminated  through  the  lungs,  and  skin,  and  kidneys  in  the  lirst  five  hours.  Con- 
trary to  Perrin,  Lallemand,  and  Duroy,  he  found  twice  as  much  jMUsed  from  skin  and  lungs  as 
from  the  kidneys.  In  11  hours  he  found  12'6  per  eent.  was  eliminated,  and  in  24  hours  loper 
cent,  and  he  ^ves  reasons  for  supposing  that  the  difficulties  of  the  experiments  (viz.,  the  diffi- 
culty of  changmg  all  the  alcohol  into  acetic  acid ;  of  obtaining  the  alcohol  from  the  chamber ; 
of  regulating  the  ventilation  ;  and  by  the  diminution  of  absorption  at  the  end  of  the  experi- 
ment and  by  the  limited  time  the  experiment  could  be  carriea  on)  made  the  amount  actually 
recovered  far  less  than  it  should  have  been.  Anstie  has  made  numerous  experiments  on  the 
urine  and  sweat,  and  always  found  the  quantities  very  minute. 

With  regard  to  the  length  of  time  the  elimination  ^oes  on,  Duprd  found  it  to  be  finished 
within  a  few  hours ;  Subbotin  found  that  the  elimination  was  not  quite  ended  in  24  ;  Perrin, 
Lallemand,  and  Duroy  found  it  to  go  on  for  82  hours.  The  late  Count  Wollowicz  and  myself 
found  that  minute  quantities  could  be  found  in  the  urine  even  on  the  fifth  day  after  a  large 
quantity  of  brandy  had  been  taken,  though  the  elimination  by  the  lungs  ceased  much  sooner. 
In  some  later  experiments,  with  small  quantities  of  beer  and  wine,  I  have  founil  the  elimina- 
tion to  be  finished  in  24  hours. 

Lieben  noticed  some  years  ago,  that  a  substance  which  had  some  of  the  characters  of  alcohol 
was  found  in  the  urine  of  persons  and  animals  who  had  taken  none.  Count  Wollowicz  and 
myself  noticed  on  one  occasion  that  a  substance  which  slightly  reduoed  chromic  acid  was 
obtained  from  the  sweat  of  a  man  who  had  taken  no  aIcohol,*t-  though  in  other  cases  (£.  Smith, 
British  Medical  Journal,  Nov.  2, 1861)  there  is  certainly  no  substance  of  this  kind  in  the 
sweat.  Dnpr€  also  found  in  the  urine  a  substance  fumishmg  acetic  acid,  formingiodoform,  and 
having  a  lower  specific  gravity  and  a  higher  vapour  tension  than  pure  water.  The  amount  of 
this  substance  is  so  minute  that  its  nature  cannot  be  perfectly  made  out,  but  Lieben  considers 
it  not  to  be  alcohol,  but  perhaps  to  be  derived  from  the  odoriferous  principles  of  the  urine. 
I>upr6  doubts  this,  and  my  observation  on  the  sweat  shows  that  it  can  hanlly  be  so,  unless  the 
same  odorous  substances  are  passing  off  by  the  skin.  I  doubt  whether  it  is  an  invariable  con- 
stituent of  urine,  as  I  could  find  none  in  the  urine  of  three  teetotallers  which  I  lately  examined* 

*  In  experiments  on  large  quantities  of  alcohol  I  found  the  acidity  of  the  urine  sUffhtly  in- 
creased. This  would  quite  ajgfree  with  the  above  view,  as  the  union  of  the  acetic  add  or  car- 
bonic acid  formed  from  it,  with  some  of  the  alkali  ordinarily  united  to  other  adds,  would  in- 
crease the  urinary  acidity.  The  case  is,  of  course,  not  parallel  with  tiiat  of  acetate  of  potash 
given  by  the  mouth,  which  makes  the  urine  alkaline  from  carbonate,  as  some  alkali  in  that 
case  is  introduced. 

t  Proceedings  Koyol  Sodety,  No,  118,  p.  87  (1870). 
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The  fint  point  only  (its  effect  as  alcohol)  need  he  consideied — 

Influence  of  Aleohdl  on  the  Organs. 

L  On  the  Btomojch. — In  very  small  quantities  it  appeals  to  aid  digestion  ; 
in  larger  amount  it  checks  it,  reddens  the  mncous  memhrane,  and  produces 
the  "chronic  catarrhal  condition"  of  Wilson  Fox,  viz.,  increase  of  the 
connective  tissue  hetween  the  glands ;  fatty  and  cystic  degeneration  of  the 
contents  of  the  glands,  and,  finally,  more  or  less  atrophy  and  disappearance 
of  these  parts.*     Taken  hahitually  in  large  quantities,  it  lessens  appetite. 

2.  On  the  Liver. — The  action  of  small  quantities  on  the  amount  of  hile  or 
glycogenic  suhstances,  or  on  the  other  chemical  conditions  of  the  liver,  is  not 
known.  AppKed  directly  to  the  liver  hy  injection  into  the  portal  vein,  it 
increases  the  amount  of  sugar  (Harley).  Taken  daily  in  large  quantities,  it 
causes  either  enlargement  of  the  organ  hy  producing  alhuminoid  and  fatty 
<lepo8it,  or  it  causes  at  once,  or  following  enhtigement,  increase  of  connective 
tissue,  and  finally,  contraction  of  Glisson's  capsule,  and  atrophy  of  the  portal 
canals  and  cells,  hy  the  pressure  of  a  shrinking  exudation.  The  exact  amount 
necessary  to  produce  these  changes  in  the  liver  and  stomach  has  not  yet  been 
fixed  with  precision. 

3.  On  the  Spleen, — Its  action  is  not  known. 

4.  On  the  Lungs, — It  is  said  to  lessen  the  amount  of  carbonic  acid  (and  of 
watery  vapour  1)  in  the  air  of  expiration,!  though  there  are  some  discrepancies 
in  experiments  with  different  kinds  of  spirits.  E.  Smith,  for  example,  found 
the  expired  carbonic  acid  lessened  by  brandy  and  gin,  but  increased  by  rum. 
It  is  veiy  important  these  experiments  should  be  repeated,  but  they  show,  at 
any  rate,  that  the  usual  efi^ect  is  not  to  increase  the  carbonic  acid.  |  In  large 
quantities  habitually  taken  it  also  alters  the  molecular  constitution  of  the 
lungs,  as  chronic  bronchitis  and  lobar  emphysema  are  certainly  more  common 
in  those  who  take  much  alcohoL 

5.  On  the  Heart  and  Blood-  Vessels. — Alcohol  in  healthy  persons  at  first 
increases  the  force  and  the  quickness  of  the  heart's  action.  Dr  Anstie  § 
has  lately  confirmed  this  opinion  by  careful  sphygmographic  observations  ; 
these  effects  are  still  more  marked  in  febrile  diseases  if  alcohol  acts  favourably 
(in  some  febrile  cases  it  appears,  from  Anstie's  observations,  not  to  increase 
the  power  of  the  heart).  In  a  healthy  man  I  found  that  brandy  ||  augmented 
the  rapidity  of  the  pulse  13  per  cent.,  and  the  force  was  also  increased ;  taking 
the  usual  estimate  of  the  heart's  work,  its  daily  excess  of  work,  with  4*8  fluid 
ounces  of  absolute  alcohol,  was  equal  to  15*8  tons  lifted  one  foot.  With 
claret  the  results  were  almost  identical     The  period  of  rest  of  the  heart  was 

*  These  changes  are  now  considered  by  Wilson  Fox  to  be  closely  allied  with  those  occoniug 
in  cirrhosis  of  the  liver,  and  in  the  contracted  and  indurated  kidney.  Dr  Fox  informs  me  that 
the  association  of  those  conditions  in  these  organs  "  has  been  before  him  with  remarkable  fre- 
quency. "  See  Diseases  of  the  Stomach,  3d  edition,  p.  125,  footnote  ;  and  also  Reynold's  System 
of  Medicine,  vol.  ii.  p.  869,  and  footnote. 

t  The  effect  of  red  and  white  French  wines  and  of  beer  has  been  very  carefully  examined  by 
Perrin  (Rec.  de  M€m.  de  M^.  Mil.  1865,  p.  82) ;  a  very  great  diminution  in  the  amount  of 
carbonic  acid  (fh>m  5*6  to  22  per  cent,  less  oeing  excretea)  was  noticed  in  all  the  experiments. 
The  effect  commenced  soon,  and  reached  its  maximum  in  the  third  hour,  and  ceased  in  two 
hours  more.  The  pulse  after  meals  with  and  without  wine  had  equal  power,  but  after  a  time 
the  pulse  fell  more  when  wine  was  not  taken. 


1  See  Binx  Journal  of  Anatomy  and  Physiology,  May  1874. 


^  In  a  paper  read  before  the  British  Association  in  1868  (Medical  Times  and!  Gazette,  Sejp. 
tember  l»6e«).  This  paper  shows  that  the  sphygmographic  indications  (combined  with  the 
urinary  test)  may  give  us  a  due  to  the  often  difficult  question,  whether  alcohol  is  doing  good 
or  harm  in  disease. 

II  8«e  papers  by  Oount  Wollowica  and  myself  in  Proceedings  Royal  Society,  No.  120  and 
182 ;  and  another  paper  by  myself,  Na  136,  for  the  effect  of  alcohol  on  the  heart  during  exercise. 
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shortened,  and  its  nutrition  must  therefore  have  heen  interfered  with.  In 
another  man  I  found  from  4  to  8  ounces  of  brandy  produced  palpitation  and 
breathlessness.  Alcohol  causes  evident  dilatation  of  the  superficial  vessels,  as 
shown  by  the  redness  and  flushing  of  the  skin ;  and  in  my  experiments 
sphygmographic  observations  also  proved  that  the  arteries  dilated  more  easily 
before  the  fuller  current  thrown  out  by  the  strongly  acting  heart.  If  it  were 
not  for  this  yielding  of  the  vessels  (produced  perhaps  by  paralysis  of  the  vaso- 
motor nerves)  alcohol  would  be  a  most  dangerous  agent,  as  either  the  strong 
wave  would  break  the  vessel,  or  the  heart  would  not  be  properly  emptied  of 
the  blood  during  the  contraction.  It  seems  to  me  that  there  must  be  danger 
in  the  use  of  alcohol  when  the  arteries  become  rigid  in  advancing  life,  if  the 
heart  is  then  susceptible  to  the  action  of  alcohoL  Eventually  the  vessels  of 
the  surface  pass  into  a  state  of  permanent  sUght  enlargement  and  turgescence ; 
the  skin  alters  in  appearance ;  and,  owing  to  this,  persons  who  take  much 
alcohol  soon  get  the  appearance  of  age.  In  some  diseases,  alcohol  is  said  to 
lessen  the  frequency  of  the  heart's  action ;  and  Anstie  found  it  increase  arterial 
tension.  In  such  cases  there  must  be  peculiar  nervous  conditions  with  which 
we  are  unacquainted.  As  far  as  my  own  observations  go,  I  have  found  it 
usually,  if  not  always,  increases  the  frequency  of  the  he£irt  in  disease,  and  in 
some  patients  the  rapidity  of  the  heart's  action  has  been  simply  owing  to  the 
administration  of  alcohoL  Anstie  believes  its  principal  action  is  on  the 
sympathetic  nerve,  and  the  vascular  phenomena  seem  to  strengthen  this  view, 
while  others  think  it  acts  especially  on  the  vagus  and  the  heart  alone. 

6.  On  the  Blood. — ^The  amount  of  fat  is  either  increased,  or  it  is  more 
visible.     The  chemical  changes  in  the  blood  are  partially  arrested.^ 

7.  On  the  Nervous  System. — In  most  persons  it  acts  at  once  as  an 
anaesthetic,  and  lessens  also  the  rapidity  of  impressions,  the  power  of  thought, 
and  the  perfection  of  the  senses.  In  other  cases  it  seems  to  cause  increased 
rapidity  of  thought,  and  excites  imagination,  but  even  here  the  power  of  con- 
trol over  a  train  of  thought  is  lessened.  In  no  case  does  it  seem  to  increase 
accuracy  of  sight ;  nor  is  there  any  good  evidence  that  it  quickens  hearing, 
taste,  smell,  or  touch  ;  indeed,  Edward  Smith's  experiments  show  that  it 
diminishes  all  the  senses.  In  almost  all  cases  moderate  quantities  cause  a  feel- 
ing of  comfort  and  exhilaration,  which  ensues  so  quickly  as  to  make 
it  probable  the  local  action  on  the  nerves  of  the  stomach  has  at  first  something 
to  do  with  this.  Afterwards  the  increased  action  of  the  heart  may  have  an 
effect.  Different  spirits  act  differently  on  the  nervous  system,  owing  probably 
to  the  presence  of  the  ethers  and  oUs  ;  some,  as  samshoof  and  raki,  produce 
great  excitement,  followed  by  profound  torpor  and  depression.  Absinthe  is 
also  especially  hurtful,  apparently  from  the  presence  of  the  essential  oils  of 
anise,  wormwood,  and  angelica,  as  well  as  from  the  large  amount  of  alcohoL 
It  appears  that  the  properties  of  absinthe  are  somewhat  different  according  to 
the  manner  in  which  water  is  mixed  with  it,  i.e.,  suddenly  or  slowly ;  in  the 
latter  case  the  particles  of  the  absinthe  are  more  divided,  are  absorbed  more 


*  Harley.    Proceedings  of  Royal  Soc,  March  1865.  No.  62,  p.  160. 

f  I  was  very  desirous  of  ascertaining  the  exact  composition  of  Chinese  Samshoo,  and  Dr  Dupri 
was  so  kind  as  to  analyse  for  me  a  specimen  of  the  best  Samshoo  from  Singapore.  It  contained 
in  lOO  C.C.  23*91  per  cent  of  alcohol  by  weight,  and  this  was  made  up  of  23'874  parts  of  ethyl 
alcohol,  and  '036  parts  of  amy  lie  alcohol ;  the  amoimt  of  free  acid  ^almost  all  acetic)  was  *105 ; 
of  residue  (sugar  almost  entirely),  6 '01,  and  of  ash,  *06  per  cent.  Cheap  Samshoo  ^ave  nearly 
the  same  result.  There  seems  to  be  nothing  deleterious  here ;  and  from  inquiries  among 
aoldien  who  have  served  at  Hongkong,  I  am  ImI  to  doubt  whether  good  Samshoo  does  produce 
the  effects  ascribed  to  it.  I  susj^ct  it  is  the  adulterated  (with  opium,  &c.)  article  which  acts 
80  violently.  The  Cape  brandy  is  of  two  kinds— the  Cape  and  the  Boer  brandy  ;  the  latter  is, 
/stronger,  and  is  sometimes  called  peach  brandy ;  this  appears  to  be  the  hurtful  kind. 
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easily,  and  produce  greater  effects.  In  all  these  cases  there  can  he  little 
douht  that  alcohol  enters  into  temporary  combination  with  the  nervous  struc- 
ture j  and  the  evidence  from  the  impairment  of  special  sense  and  muscular 
power,  implies  that  it  interferes  with  the  movements  of  the  nervous  currents. 

8.  On  the  Muscular  System. — ^Voluntary  muscular  power  seems  to  be 
lessened,  and  this  is  most  marked  when  a  large  amount  of  alcohol  is  taken  at 
once ;  the  finer  combined  movements  are  less  perfectly  made.  Whether  this 
IB  by  direct  action  on  the  muscular  fibres,  or  by  the  influence  on  the  nerves, 
is  not  certain.  In  very  large  doses  it  paralyses  either  the  respiratory  muscles, 
or  the  nerves  supplying  them,  and  death  sometimes  occurs  from  tiiie  impair- 
ment to  respiration. 

9.  On  the  Metamorphosis  of  Tissue. — This  is  usually  stated  to  be  lessened, 
and  it  has  been  said  that  there  is  a  diminution  in  the  elimination  of  nitrogen 
(as  urea),  and  of  carbon  (as  carbonic  acid).  But  the  experiments  already 
referred  to  by  Count  Wollowicz  and  myself*  prove  that  the  metamorphosis  of 
the  nitrogenous  tissues  is  in  no  way  interfered  with  by  dietetic  do8e& 
Whether  the  carbonic  acid  excretion  is  really  lessened  may  be  also  questioned. 

10.  On  the  Temperature  of  the  Body. — ^When  alcohol  is  given  to  healthy 
animals  in  full  but  not  excessive  doses,  the  temperature  of  the  body  falls. 
This  seems  to  be  shown  conclusively  by  the  experiments  of  Einger  and 
Bickards,  Eichardson,  Binz,  Cuny-Bouvier,  and  Huge.  In  healthy  men  who 
have  been  accustomed  to  take  alcohol  in  moderate  quantities  the  results  are 
rather  contradictory.  In  a  man  accustomed  to  alcohol,  Einger  found  no 
change  ;  in  two  men,  temperate,  but  accustomed  to  take  beer  and  sometimes 
spirits,  I  could  not  detect  any  raising  or  lowering  of  the  thermometer  either 
in  the  axilla  or  rectum.!  ^^  Mainzer  found  no  fall  of  temperature^  in  trials 
on  himself,  but  a  slight  fall  in  another  healthy  person.  Some  experiments  by 
Obemier§  and  by  Fokker||  are  also  quite  negative.  On  the  other  hand,  Einger, 
Binz,  and  Bouvier  noticed  in  some  healthy  persons  a  decrease  of  temperature ; 
and  though  some  of  the  experiments  are  evidently  rather  inaccurate,  and 
though  the  fall  of  temperature  was  inconsiderable,  it  is  difficult  to  refuse  belief 
that  in  some  cases  there  may  be  a  slight  depression  of  temperature. H 

In  febrile  cases  the  evidence  Ib  almost  equally  divided.  In  a  man  on  whom 
I  was  experimenting,  an  attack  of  catarrh  came  on  with  rise  of  temperature, 
and  alcohol  did  not  apparently  in  the  least  affect  the  heat  0.  Weber, 
Obemier,  and  Eabow  were  equally  unsuccessful  in  noting  a  fall  in  temperature. 
Binz  and  C.  Bouvier**  have,  however,  produced  septic  fever  in  animals,  and 
then  lowered  the  febrile  heat  by  large  doses  of  alcohol,  in  what  appears  to 
have  been  an  unmistakable  manner,  in  several  cases. 

We  may  conclude  that  the  effect  of  moderate  doses  on  temperature  in 
healthy  men  is  extremely  slight ;  there  is  no  increase,  and  in  many  persons  no 
decrease.     In  those  in  whom  there  is  a  slight  decrease,  the  amount  is  trifling. 

11.  On  the  Action  of  the  Eliminating  Organs. — The  water  of  the  urine  and 
the  acidity  are  slightly  increased ;  other  in^^diente  were  found  in  my  experi- 


Proceedings  Royal  Society,  Nob.  12(V-123  and  186. 

Ibid. 

Ueber  die  Einwirkniu;  des  Alkohols,  Inan.  Diss.  Bonn.,  1870. 

Archiv  fiir  die  gee.  Pnys.  band  ii.  p.  494. 

Quoted  by  Hasemann,  Jahresb.  fiir  die  ges,  Med.  1871,  band  i.  p.  824. 

Binz  {loc.  cU.)  finds  that  small  (dietetic  H)  doses  produce  no  change :  larae  inebriating  doses 
produce  a  faU  from  8° '6  Xo  &*  T.,  lasting  for  four  or  five  hours.  Habit,  however,  produoes 
tolerance.  In  the  body,  after  death,  the  temperature  often  rises,  but  if  alcohol  has  been 
administered  previously  it  does  not  do  so ; — hence  Bins  concludes  that  the  effect  is  arrest  of 
chemical  changes  in  tiie  glands. 
**  See  especiaUy  Phaimakologische  Studien  fiber  den  Alkohol,  von  C,  Bouvier,  Berlin,  1879^ 
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inents  to  be  unaffected,  and  I  cannot  but  doubt  the  statements  to  the  contrary. 
The  condition  of  the  skin  is  not  certam.  Dr  K  Smith  thought  the  perspira- 
tion lessened,  but  Weyrich  noticed,  after  spirits,  beer,  and  wine,  a  large  in- 
crease in  the  insensible  cutaneous  perspiration  ;  and  the  enlargement  of  the 
vessels  of  the  skin  would  probably  lead  to  increased  transit  of  fluid. 

12.  Remote  Effects  of  Alcohol, — The  degenerative  changes  which  occur  so 
frequently  in  the  stomach,  liver,  and  other  organs,  by  the  constant  introduc- 
tion of  improper  quantities  of  alcohol  into  the  body,*  affect  also  almost  all 
parts  of  the  body.  The  brain  and  its  membranes,  and  its  vessels,  suffer  early 
and  principally ;  and  Kremiansky  f  has  produced  hsemorrhagic  meningitis,  and 
pathological  changes  in  the  brain-vessels  and  membranes  in  dogs  by  giving 
them  alcohol  I  Thst^  is  no  question  that  several  brain  diseases,  including 
some  cases  of  insanity,  are  produced  by  excess  of  alcohoL§  So,  also, 
degenerative  changes  in  the  stomach,  liver,  lungs,  and  probably  in  the  kidneys,  || 
result  from  immoderate  use.  To  use  Dickinson's  expressive  phrase,  alcohol  is 
the  very  "  genius  of  degeneration."  And  these  alcoholic  degenerations  are 
certainly  not  confined  to  the  notoriously  intemperate.  I  have  seen  them  in 
women  accustomed  to  take  wine  in  quantities  not  excessive,  and  who  would 
have  been  shocked  at  the  imputation  that  they  were  taking  too  much,  although 
in  their  case  the  result  proved  that  for  them  it  was  excess.  The  nature  of 
the  degenerative  changes  appear  to  be  in  aU  cases  the  same— viz.,  fibroid  and 
fatty  changes. 

Considering,  also,  the  great  increase  in  the  action  of  the  heart,  and  the 
dilatation  of  the  vessels,  it  can  scarcely  be  doubted  that  alcohol  in  excess  is 
one  of  the  agencies  causing  disease  of  the  circtdatory  organs* 

Is  Akofiol  desirctble  as  an  Article  of  Diet  in  Health  ? 

This  question  ia  so  large  and  difficult  that  a  satisfactory  answer  can  hardly 
be  given  with  our  present  knowledge.  The  data  for  passing  a  judgment  are 
partly  physiological,  but  stiU  more  largely  empiricaL 

The  obvious  useful  physiological  actions  of  alcohol  are  an  improvement  in 
appetite,  produced  by  small  quantities^  and  an  increased  activity  of  the 
circulation,  which,  within  certain  limits,  may  be  beneficial  It  is  difficult  to 
perceive  proof  at  present  of  any  other  useful  action,  since  it  is  uncertain 
whether,  during  its  partial  destruction  in  the  system,  it  gives  rise  to  energy.  In 
cases  of  disease,  in  addition  to  its  effect  on  digestion  and  circulation,  its 
narcotising  influence  on  the  nervous  system  may  be  sometimes  useful  Beale 
suggests  that  it  may  restrain  the  rapidity  of  abnormal  growth  or  development 
of  multiplying  cells,  and  that  by  such  arrest  it  may  possibly  diminish  bodily 
temperature ;  but  proof  of  this  has  not  been  given. 

The  dangerous  physiological  actions  in  health,  when  its  quantity  is  larger, 
are  evidenUy  its  influence  on  the  nervous  system  generally,  and  on  the 
leg^ulatiog  nerve-centres  of  the  heart,  and  vaso-motor  nerves  in  particular ;  H 

— ^ ■ " ' — — ■ — _  -  ■  ,  ■!       I  I    I  ■ 

*  A  rery  striking  pa^r  on  this  snbjfct  has  been  lately  published  by  Dickinson ;  Lancet, 
NoTember  1872.    It  paints,  in  startling  colours^  the  immense  degenerative  power  of  alcohol. 

•I*  Virchow's  Archly,  bandzlii.  p.  888. 

i  See  also  the  experiments  by  Magnan  (Sor  TAlcoolisme). 

f  Ma^pian  states  the  two  terminations  of  chronic  alcoholism  to  be  demenHa  and  general 
parai/ysxs, 

II  Ajistie  and  Dickinson  have  lately  denied  that  the  kidneys  suffer  in  alcoholism  in  any  great 
de^n^ee.  It  is  an  open  question  ;  but  the  evidence  is,  I  think,  in  favour  of  kidney  degeneration 
beug  one  of  the  enects  of  alcoholism.  M  v  friend,  Dr  George  Johnson,  informs  me  tiiat  out  of 
200  patients  with  Bnght's  disease,  from  all  causes,  he  found  no  less  tnan  58  were  drunkai^. 

If  This  influence  is  probably  a  paralysing  agency,  arising  from  a  direct  though  transitory 
union  of  the  alcohol  with  the  nervous  substance.    Richardson  has  made  the  very  important 
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the  impairment  of  appetite  produced  by  large  doses,  the  lessening  of  miiBcidar 
strength,  and  remotely  the  production  of  degenerations.  Except  when  it 
lessens  appetite,  it  does  not  alter  the  transformation  of  the  nitrogenous  tissues, 
and  the  elimination  of  nitrogen ;  nor  can  it  be  held  to  be  absolutely  proved  to 
lessen  the  excretion  of  carbon.  If  it  did  so,  this  effect  in  health  would  be 
simply  injurious. 

It  is  a  matter  of  the  highest  importance  to  determine  when  the  limit  of  the 
useful  effect  of  alcohol  is  reached.  The  experiments  are  few  in  number,  but 
are  tolerably  accurate.  From  experiments  made  by  Dr  Anstie,  an  amount  of 
one  fluid  ounce  and  a  half  (42*6  C.C.)  caused  the  appearance  of  alcohol  in  the 
urine,  which  Anstie  regards  as  a  sign  that  as  much  has  been  taken  as  can  be 
disposed  of  by  the  body.  The  late  Count  WoUowicz  and  myself  obtcdned 
almost  precisely  the  same  result.  When  only  one  fluid  ounce  of  absolute 
alcohol  was  given  none  could  be  detected  in  the  urine.  We  found  that  in  a 
strong  healthy  man,  accustomed  to  alcohol  in  moderation,  the  quantity  given 
in  twenty-four  hours  that  begins  to  produce  effects  which  can  be  considered 
injurious  is  something  between  one  fluid  ounce  (  =  28 '4  C.C.)  and  two  fluid 
ounces  (56*8  C.C.)  The  effects  which  can  then  be  detected  are  slight,  but 
evident  narcosis,  lessening  of  appetite,  increased  rapidity  of  rise  in  the  action 
of  the  heart,  greater  dilatation  of  the  small  vessels  as  estimated  by  the 
sphygmograph,  and  the  appearance  of  alcohol  in  the  urine.  These  effects 
manifestly  mark  the  entrance  of  that  stage  in  the  greater  degrees  of  which  the 
poisonous  effects  of  alcohol  become  manifest  to  all. 

It  may  be  considered,  then,  that  the  limit  of  the  useful  effect  is  produced 
by  some  quantity  between  1  and  1 J  fluid  ounces  in  twenty-four  hours.  There 
may  be  persons  whose  bodies  can  dispose  of  larger  quantities ;  but  as  my 
experiments  were  made  on  two  powerful  healthy  men,  accustomed  to  take 
alcohol,  the  average  amount  was  more  likely  to  be  over  than  under  stated.  In 
women,  the  amount  required  to  produce  decided  bad  effects  must,  in  all  pro- 
bability, be  less.  For  children  there  is  an  almost  universal  consent  that 
alcohol  is  injurious,  and  the  very  small  quantity  which  produces  symptoms  of 
intoxication  in  them  indicates  that  they  absorb  it  rapidly  and  tolerate  it 
badly. 

Assuming  the  correctness  of  these  experimental  data,  which,  though  not 
extensive,  are  yet  apparently  exact,  it  is  evident  that  moderation  must  be 
something  below  the  quantities  mentioned ;  and  considering  the  dangers  of 
taking  excess  of  alcohol,  it  seems  wisest  to  assume  1  to  I^  fluid  ounces  of 
absolute  alcohol  in  twenty-four  hours  as  the  maximum  amount  which  a 
healthy  man  should  take.  It  must  be  admitted  that  this  is  provisional,  and 
that  more  experiments  are  necessary ;  but  it  is  based  on  the  only  safe  data  we 
possess.  One  ounce  is  equivalent  to  2  fluid  ounces  of  brandy  (containing  60 
per  cent,  of  alcohol)  or  to  6  ounces  of  the  strong  wines  (sherries,  &c.,  20  per 
cent,  of  alcohol) ;  or  to  10  ounces  of  the  weaker  wines  (clarets  and  hocks,  10 
per  cent,  of  alcohol) ;  or  to  20  ounces  of  beer  (5  per  cent,  of  alcohol.)  If 
these  quantities  are  increased  one-half,  1^  ounce  of  absolute  alcohol  will  be 
taken,  and  the  limit  of  moderation  for  strong  men  is  reached.  I  believe  that 
this  standard  is  fairly  correct ;  since,  from  inquiries  of  many  healthy  men 
who  take  alcohol  in  moderation,  I  And  that  they  seldom  exceed  the  above 
amounts.  Women,  no  doubt,  ought  to  take  less ;  and  alcohol  in  any  shape 
only  does  harm  to  healthy  children. 


discovery  that  the  alcohols,  snch  as  the  butyl,  amyl,  and  hexyl  alcohols,  which  contain  more 
carbon,  produce  a  much  greater  effect  on  the  nervous  system  than  methyl  and  ethyl  alcohol. 
There  are  greater  muscular  tremors  and  stupor,  and  these  effects  increase  regularly  with  the 
increase  of  carbon  and  lessening  volatility. 
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^  Another  question  now  arises,  to  which  it  is  more  difficult  to  reply.  Is 
alcohol,  even  in  this  moderate  amount,  necessary  or  desirable  ;  are  men  really 
better  and  more  vigorous,  and  longer  lived  with  it  than  they  would  be  with- 
out any  alcohol  1  If  distinctly  hurtful  in  large  quantities,  is  it  not  so  in  these 
smaller  amounts  ? 

There  is  no  difficulty  in  proving,  statistically,  the  vast  loss  of  health  and 
life  caused  by  intemperance;  and  the  remarkable  facts  of  the  Provident 
Institution  (see  page  291)  show  the  great  advantage  total  abstainers  have 
over  those  who,  though  not  intemperate,  use  alcohol  more  freely.  But  it  is 
almost  impossible,  at  present,  to  compare  the  health  of  teetotallers  with  those 
who  use  alcohol  in  the  moderate  scale  given  above.  In  both  classes  are  found 
men  in  the  highest  health,  and  with  the  greatest  vigour  of  mind  and  body ;  in 
both  are  to  be  found  men  of  the  most  advanced  age.  If  the  question  is  looked 
at  simply  as  a  scientific  one,  I  do  not  see  how  an  answer  can  be  at  present 
given.  Failing,  as  it  appears  to  me,  in  accurate  information  on  this  point, 
the  usual  arguments  for  and  against  the  use  of  alcohol  cannot  be  held  to 
settle  the  point     These  are — 

(a)  That  the  universality  of  the  habit  of  using  some  intoxicating  drink 
proves  utility.  This  seems  incorrect,*  since  whole  nations  (Mohammedan 
and  Hindoo)  use  no  alcohol  or  substitute ;  and  since  the  same  argument  might 
prove  the  necessity  of  tobacco,  which  for  this  generation,  at  any  rate,  is  clearly 
only  a  luxury.  The  wide-spread  habit  of  taking  intoxicating  liquids  merely 
proves  that  they  are  pleasant. 

(b)  That  if  not  necessary  in  healthy  modes  of  life,  alcohol  is  so  in  our 
artificial  state  of  existence  amid  the  pressure  and  conflict  of  modem  society. 
This  argument  is  very  questionable,  for  some  of  our  hardest  workers  and 
thinkers  take  no  alcohoL  There  are  also  thousands  of  persons  engaged  in  the 
most  anxious  and  incessant  occupations  who  are  total  abstainers,  and,  accord- 
ing to  their  own  account,  with  decided  benefit. 

(c)  That  though  it  may  not  be  necessary  for  perfectly  healthy  persons, 
alcohol  is  so  for  the  large  class  of  people  who  live  on  the  confines  of  health, 
whose  digestion  is  feeble,  circuhition  languid,  and  nervous  system  too 
excitable.  It  must  be  allowed,  I  think,  there  are  some  persons  of  this  class 
who  are  benefited  by  alcohol  in  small  quantities,  and  chiefiy  in  the  form  of 
beer  or  light  wine.  Unless  these  persons  wif ully  deceive  themselves,  they 
feel  better  and  are  better  with  a  little  alcohoL 

(d)  That  common  experience  on  the  largest  scale  shows  that  alcohol  in  not 
excessive  quantities  cannot  be  an  agent  of  harm ;  that  it  is  and  has  been  used 
by  millions  of  persons  who  appear  to  suffer  no  injury,  but  to  be  in  many  cases 
benefited,  and  therefore  that  it  must  be  in  some  way  a  valuable  adjunct  to 
food.  A  grand  fact  of  this  kind  must,  it  is  contended,  override  all  objections 
based  on  physiological  data,  which  are  confessedly  incomplete,  and  which  may 
have  left  undiscovered  some  special  useful  action.  It  must  be  admitted  that 
this  is  a  very  strong  argument,  and  that  it  seems  incredible  that  a  large  part 
of  the  human  race  should  have  fallen  into  an  error  so  gigantic  as  that  of 
attributing  great  dietetic  value  to  an  agent  which  is  of  Httle  use  in  small 
quantities,  and  is  hurtful  in  large.  At  &st  sight  the  common  sense  of  man- 
kind revolts  at  such  a  supposition,  but  the  argument,  though  strong,  is  not 
conclusive ;  and  unfortunately  we  know  that  in  hiunan  affairs  no  extension  of 
belief,  however  wide,  is  per  ae  evidence  of  truth. 

{e)  That  though  a  man  can  do  without  alcohol  under  ordinary  circum- 

*  Most  nations,  however,  if  not  all,  nse  some  sedatiye,  which  may  oe  considered  to  take 
the  place  of  alcohoL    (F.  deC.)  \ 


800  ALCOHOLIC  BEVERAGES. 

stances,  there  are  certain  conditions  when  it  is  useful     It  will  be  necessary  to 
see,  then,  what  is  the  evidence  on  this  point. 

Evidence  on  the  Use  of  Alcohol  under  certain  conditions,* 

Great  Cold, — There  is  singular  unanimity  of  opinion  on  this  point ;  all 
observers  condemn  the  use  of  spirits,  and  even  of  wine  or  beer,  as  a  preven- 
tive against  cold.  In  the  Arctic  regions  we  have  on  this  head  the  evidence 
of  Sir  John  Eichardson,  Mr  (roodsir  (in  Sir  J.  Franklin's  first  voyage),  Dr 
Xing,  Captain  Kennedy  (in  the  last  search  for  Sir  J.  Franklin,  when  the 
whole  crew  were  teetotallers),  Dr  Eae,  Dr  E^ane,  Dr  Hayes  (surgeon  of  the 
Kane  expedition),  and  others.  Dr  Hayes,  indeed,  says  in  his  last  paper 
(1859),  that  he  vnH  not  only  not  use  spirits,  but  will  take  no  man  accustomed 
to  use  them  ;  and  that  if  "  imperious  necessity  obliges  him  to  give  spirits,  he 
will  give  them  in  small  doses  frequently,  as  the  excitant  action  is  followed  by 
a  very  dangerous  depression.''!  In  the  Antarctic  regions,  and  in  the  cold 
whaling  grounds,  we  have  the  strong  evidence  of  Dr  Hookei^to  the  same 
purport,  and  the  customs  of  the  many  teetotal  whalers.  Ulloa  long  ago 
noticed  the  same  thing  in  the  ascent  of  Pichincha.|  In  l^orth  America,  the 
Hudson's  Bay  Company  entirely  excluded  spirits,  partly,  no  doubt^  to  prevent 
their  use  among  the  Indians,  but  partly,  in  all  probability,  from  experience  of 
their  inutility.  Dr  Carpenter  quotes  from  Dr  Kniill  a  statement  that  the 
Eussian  army  on  the  march  in  cold  weather  not  only  use  no  spirits,  but  no 
man  who  has  lately  taken  any  is  allowed  to  marcL  The  guides  at  Chamouni 
and  the  Oberland,  when  out  in  the  winter,  have  invariably  found  spirits 
hurtful ;  they  take  only  a  little  light  wine  (Forbes).  The  bathing  men  at 
Dieppe,  who  are  much  exposed  to  cold  from  long  standing  in  the  sea,  also  find 
that  spirits  are  hurtful^  and  take  only  a  little  weak  wine  (Levy). 

Greai  Heat* — The  evidence  here  also  is  almost  equally  conclusive  against 
the  use  of  spirits  or  beverages  containing  much  alcohoL  Dr  Carpenter  has 
assembled  the  most  conclusive  testimony  from  India,  Brazil,  Borneo,  Africa, 
and  Demerara«  The  best  authorities  on  tropical  diseases  speak  as  slirongly ; 
Eobert  Jackson,  Eanald  Martin,  Henry  Marshall,  and  many  others.  It  seems 
quite  certain,  also,  that  not  only  is  heat  less  well  borne,  but  that  insolation  is 
predisposed  to. 

The  common  notion  that  some  form  of  alcoholic  beverage  is  necessary  in 
tropical  climates  is,  I  firmly  believe,  a  mischievous  delusion.  I  brought  to 
Dr  Carpenter's  notice  the  case  of  the  84th  Eegiment,  in  which  I  formerly 
served,  which  from  the  years  1842  to  1850  numbered  many  teetotallers  (at 
one  time  more  than  400)  in  its  ranks ;  and  the  records  of  this  regiment  show 
that)  both  on  common  tropical  service  and  on  marches  in  India,  the  teetotallers 
were  more  healthy,  more  vigorous,  and  far  better  soldiers  than  those  who  did 
not  abstain.§  The  experience  of  almost  every  huntev  in  India  will  be  in 
accordance  with  this. 

*  I  have  borrowed  iaisely  from  Carpenter's  admirable  Essay  on  Temperatice,  and  his  other 
writings,  and  idso  trom  Spencer  Thomson's  vusefai  work  on  the  same  subjeet,  as  weU  as  from 
many  other  writers. 

f  Some  Arctic  yo3ragers,  however,  are  strongly  impressed  with  the  valne  of  nun  nnder 
certain  circumstances  (Admiral  Richards).  The  experience  of  the  expedition  of  1875-6  seems 
to  have  shown  that  it  was  partially  nseful  given  the  last  thing  at  night,  as  enabling  the  men 
to  get  off  their  frosen  clothing,  but  it  had  no  effect  in  warning  off  scurvy.  Binz  says  that 
alconol  may  be  useful  in  damp  and  cold,  because  the  tissue  change  is  greater,  and  we  can  thus 
moderate  it. 

X  He  says  (Adams'  translation,  1807,  vol.  i.  p.  219),  "at  first  we  imagined  that  drinking 
strong  li<^uoT8  would  diffuse  a  heat  through  the  body,  and  consequently  render  it  less  sensible 
of  the  painful  sharpness  of  the  cold ;  but  to  our  surprise  we  felt  no  manner  of  strength  in  them, 
sor  were  they  any  greater  preventative  against  the  cold  than  common  water." 

§  Bee  Carpenters  Physiology  of  Temperance  for  full  details.    The  officers,  who  by  th«r 
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On  this  point  the  greatest  army  suigeona  have  spoken  strongly  (Jackson 
especially,  and  Martin);  and  yet  nothing  is  more  common,  even  at  the 
present  day,  than  to  hear  officers,  hoth  in  India  and  the  West  Indies,  assert 
that  the  climate  requires  alcohoL  These  are  precisely  the  climates  where 
alcohol  is  most  hortfuL* 

With  regard  to  service  and  exercise  in  the  tropics,  we  have  the  strong  testi- 
mony of  Eanald  Martin  that  warm  tea  is  the  hest  heverage ;  and  this  will  be 
corroborated,  I  believe,  by  every  one  who  has  made  long  marches,  or  hunting 
excursions,  in  India,  and  has  carefully  observed  what  kmd  of  diet  best  suited 
him. 

To  cite  a  well-known  individual  instance  of  great  exertion  in  a  hot  climate, 
Bobert  Jackson  marched  118  miles  in  Jamaica,  carrying  a  load  equal  to  a 
soldier's,  and  decided  that  "  the  English  soldier  may  be  rendered  capable  of 
going  through  the  severest  military  service  in  the  West  Indies  ;  and  that 
temperance  will  be  one  of  the  best  means  of  enabling  him  to  perform  his  duty 
with  safety  and  effect  The  use  of  ardent  spirits  is  not  necessary  to  enable  a 
European  to  undergo  the  fatigue  of  marching  in  a  climate  whose  mean  tempera- 
ture is  from  73*"  to  80''.  I  have  always  found  the  strongest  liquors  the  most 
enervating." 

Bodily  Labour. — ^A  small  quantity  of  alcohol  does  not  seem  to  produce 
much  effect,  but  more  than  two  fluid  ounces  manifestly  lessens  the  power  of 
suatained  and  strong  muscular  work.  In  the  case  of  a  man  on  whom  I  experi- 
mented, 4  fluid  ounces  of  brandy  (» 1*8  fluid  ounces  of  absolute  alcohol)  did 
not  apparently  affect  labour,  though  I  cannot  affirm  it  did  not  do  so  ;  but  4 
ounces  more  given  after  four  hours,  when  there  must  have  been  some  elimina- 
tion, lessened  muscular  force  ;  and  a  third  4  ounces,  given  four  hours  after- 
wards, entirely  destroyed  the  power  of  work.  The  reason  was  evidently  two- 
fold. There  was,  in  the  first  place,  narcosis  and  blunting  of  the  nervous 
system — ^the  will  did  not  properly  send  its  commands  to  the  muscles,  or  the 
muscles  did  not  respond  to  the  wOl ;  and  secondly,  the  action  of  the  heart  was 
too  much  increased,  and  induced  palpitation  and  breathlessness,  which  put  a 
stop  to  labour.  The  inferences  were,  that  even  any  amount  of  alcohol, 
although  it  did  not  produce  symptoms  of  narcosis,  would  act  injuriously  by 
increasing  unnecessarily  the  action  of  the  hearty  which  the  labour  alone  had 
sufficiently  augmented.!  I  believe  these  experiments  are  in  accord  with  com- 
mon experience,  which  shows  that  men  en^^ged  in  very  hard  labour,  as  iron- 
puddlers,  glass-blowers,  navvies  on  piece-work,  and  prize-fighters  during  train- 
ings do  iheis  work  more  easily  without  alcohoL 

example  and  precept,  produced  this  great  effect  in  a  regiment  in  India,  and  proved  that  men  are 
healthier  and  nappier  m  India  without  any  alcoholic  beverage,  were  Lieut-Colonel  Willington, 
Captain  (now  General  Sir  David)  Romell,  and  Lieut,  and  A^'ntant  Seymour,  an  officer 
of  the  greatest  promise,  who  died  from  dysentery,  contracted  during  the  mutiny. 

*  Binz  holds  that  in  hot  climates,  or  in  hot  weather,  it  is  pernicious,  as  interfering  with  the 
tiasae  change,  which  is  slreadv  insufficient. 

f  In  ezper^enting  on  anouier  healthy  man  I  came  to  the  following  interesting  result.  The 
exercise  and  diet  being  uniform  during  a  period  of  ten  days,  the  mean  daily  pulse  (nine  two- 
hourly  observations)  was  70*65.  Severe  exercise  being  then  taken  during  another  period 
of  ten  days  for  two  hours  in  the  mominff,  in  addition  to  what  had  previously  been  taken,  the 
pulse  in  those  two  hours  was  augmented  16  beats  per  minute  over  the  corresponding  period ; 
it  fell,  however,  in  the  subsequent  hours  below  the  mean  of  the  corresponding  period,  so  that 
the  mean  pulse  of  the  day  was  70*42  per  minute,  the  same  as  in  the  ten  days'  period  before  the 
additional  exercise.  The  heart,  in  fact,  completely  compensated  itself,  and  the  work  done 
by  it  was  the  same  on  days  of  moderate  ana  of  severe  exercise.  Now  alcohol  would  have 
disturbed  this  adjustment,  and  would  have  kept  the  heart  beating  more  rapidly'  than  it  should 
do.  The  compensation  would  not  have  been  produced.  In  more  recent  experiments,  in  which 
tJie  effects  of  mm,  meat  extract,  and  coffee  were  observed,  it  was  found  that  marching  was 
done  least  easily  with  rum,  the  stimulant  effect  passing  quickly  off,  and  leaving  the  man  less 
able  to  finish  the  work  before  him.  (On  the  Issue  of  a  Spirit  Ration  in  the  Ashanti  Campaign. 
PariLes,  1876). 
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In  the  exhaustion  following  great  fatigae,  alcohol  may  be  UBeful  or  hurtful 
according  to  circumstances.  If  exertion  must  be  resumed,  then  the  action  of 
the  heart  can  be  increased  hj  alcohol  and  more  blood  sent  to  the  muscles ;  of 
course,  this  must  be  done  at  the  expense  of  the  heart's  nutrition,  but  circum- 
stances may  demand  this.  In  the  case  of  an  army,  for  example,  called  on  to 
engage  the  enemy  after  a  fatiguing  march,  alcohol  might  be  invigorating.  But 
the  amount  must  be  small,  i.e.,  much  short  of  producing  narcosis  (not  more 
than  ^  fluid  ounce  of  absolute  alcohol),  and,  if  possible,  it  should  be  mixed 
-with  Liebig's  meat  extract^  which,  perhaps  on  account  of  its  potash  salts,  has 
a  great  power  of  removing  the  sense  of  fatigue. 

About  two  ounces  of  red  claret  wine  with  two  teaspoonf  uls  of  Liebig^s  ex- 
tract and  half  pint  of  water  is  a  very  reviving  draught,  and  if  it  could  be 
issued  to  troops  exhausted  by  fatigue,  would  prove  a  most  useful  ally. 

But  when  renewed  exertion  is  not  necessary  it  would  appear  most  proper 
after  great  fatigue  to  let  the  heart  and  muscles  recruit  themselves  by  rest ;  to 
give  digestible  food,  but  to  avoid  unnecessary  and  probably  hurtful  quickening 
of  the  heart  by  alcohoL 

Mental  Work. — In  spite  of  much  large  experience,  it  is  uncertain  whether 
alcohol  really  increases  mental  power.  The  brain  circulation  is  no  doubt  aug- 
mented in  rapidity  ;  the  nervous  tissues  must  receive  more  nutriment,  and  for 
a  time  must  work  more  strongly.  Ideas  and  images  may  be  more  plentifully 
produced,  but  it  is  a  question  whether  the  power  of  clear,  consecutive,  and 
continuous  reasoning  is  not  always  lessened.  In  cases  of  great  exhaustion  of 
the  nervous  system,  as  when  food  has  been  withheld  for  many  hours  and  the 
mind  begins  to  work  feebly,  alcohol  revives  mental  power  greatly,  probably 
from  the  augmented  circulation.  But,  on  the  whole,  it  seems  questionable 
whether  the  brain  finds  in  alcohol  a  food  which  by  itself  can  aid  in  mental 
work. 

Deficiency  of  Food. — ^When  there  is  want  of  food,  it  is  generally  considered 
that  alcohol  has  a  sustaining  force,  and  possibly  it  acts  partly  by  keeping  up 
the  action  of  the  heart,  and  partly  by  deadening  the  susceptibility  of  the 
nerves.  It  was  formerly  supposed  that  it  lessened  tissue-change,  and  thus 
curtailed  the  waste  of  the  body  ;  but  this  is  not  true  of  the  nitrogenous 
tissues,  and  is  not  yet  quite  certain  in  respect  of  the  carbonaceous.  It  seems 
unlikely  that  alcohol  would  be  appUed  differently  during  starvation  and  during 
usual  feeding. 

Cases  are  recorded  in  which  persons  have  lived  for  long  periods  on  almost 
nothing  but  wine  and  spirits.  In  most  cases,  however,  some  food  has  been 
taken,  and  sometimes  more  than  was  supposed,  and  in  all  instances  there  has 
been  great  quietude  of  mind  and  body.  It  seems  very  doubtful  whether  in 
any  case  nothing  but  alcohol  has  been  taken  ;  and,  in  fact,  we  may  fairly  de- 
mand more  exact  data  before  weight  can  be  given  to  this  statement. 

Ths  Exposures  and  Eocertions  of  War, — On  this  point,  also,  there  is  con- 
siderable unanimity  of  opinion.  The  greatest  fatigues,  both  in  hot  and  cold 
climates,  have  been  well  borne — have  been,  indeed,  best  borne — ^by  men  who 
took  no  alcohol  in  any  shape,  and  some  instances  may  be  quoted. 

In  the  American  War  of  Independence  in  1783,  Lord  ComwalliB  made  a 
march  of  over  2000  miles  in  Virginia,  under  the  most  trying  circumstances  of 
exposure  to  cold  and  wet ;  yet  the  men  were  remarkably  healthy,  and  among 
the  causes  for  this  health,  Chisholm  states  that  the  necessary  abstinence  from 
strong  liquors  was  one. 

In  1794-95  occurred  the  Maroon  war  in  Jamaica,  where  almost  for  the  first 
time  in  West  Indian  warfare  the  troops  were  remarkably  healthy,  though  the 
campaign  was  very  arduous,  and  in  the  rainy  season,  and  there  were  no  tents. 
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The  perfect  health  of  the  troops  may  partly  have  heen  owing  to  the  climate 
of  the  hills  (2000  feet  ahove  the  sea),  hut  it  was  chiefly  attributed  to  the  fact 
that  the  men  could  obtain  no  spirits  or  alcoholic  hquid  of  any  kind. 

In  1800,  an  English  army  proceeding  from  India  to  Egypt,  to  join  Sir  Ealph 
Abercromby,  marched  across  the  desert,  from  Kossier  on  the  Eed  Sea,  and 
descended  the  Nile  for  400  miles.  Sir  James  M*Grigor*  says  that  the  fatigue 
in  this  march  has  perhaps  never  been  exceeded  by  any  army,  and  goes  on  to 
remark — 

**  We  received  still  farther  confirmation  of  the  very  great  influence  which  intemperance 
has  as  a  cause  of  disease.  We  had  demonstration  how  very  little  spirits  are  required  in 
a  hot  climate  to  enable  a  soldier  to  bear  fatiffue,  and  how  necessary  a  regular  diet  is. 

*'  At  Ghenn^y  and  on  the  voyage  down  the  Nile  (on  account  of  the  difficulties  of  at 
first  conveying  it  across  the  desert,  the  men  had  no  spirits  delivered  out  to  them,  and  I 
am  convinced  that  from  this  not  onlv  did  they  not  suffer,  but  that  it  even  contributed 
to  the  uncommon  degree  of  health  which  they  at  this  time  enjoyed.  From  two  boats  the 
soldiers  one  day  strayed  into  a  village,  where  the  Arabs  gave  ihem  as  much  of  the  spirit 
which  they  distil  from  the  iuice  of  tne  date- tree  as  induced  a  kind  of  furious  delirium. 
It  was  remarked  that,  for  three  months  after,  a  considerable  number  of  tiiese  men  were 
in  the  hospitals." 

Dr  Mann,t  one  of  the  few  American  surgeons  in  the  war  of  1813-14  who 
have  left  any  account  of  that  contest,  thus  writes  : — 

"  My  opinion  has  lonp^  been  that  ardent  spirits  are  an  unnecessary  part  of  a  ration. 
Examples  may  be  furnished  to  demonstrate  that  ardent  spirits  are  a  useless  part  of  a 
soldiers  ration.  At  those  periods  during  the  revolutionary  war,  when  the  army  received 
no  pay  for  their  services,  and  possessed  not  the  means  to  procure  spirits,  it  was  healthy. 
The  4th  Massachusetts  Regiment,  at  that  eventful  period  when  I  was  the  surgeon,  lost 
in  three  years  by  sickness  not  more  than  five  or  six  men.  It  was  at  a  time  when  the 
army  was  destitute  of  money.  During  the  winter  1779-80  there  was  only  one  occurrence 
of  fever  in  the  regiment,  and  that  was  a  pneumonia  of  a  mild  form.  It  was  observable 
in  the  last  war,  from  December  1814  to  April  1815,  the  soldiers  at  Plattsburgh  were' not 
attacked  with  fevers  as  they  had  been  the  preceding  winters.  The  troops  during  this 
period  were  not  paid — a  fortunate  circumstance  to  the  army,  arising  from  want  of  funds. 
This  embarrassment,  which  was  considered  a  national  calamity,  proved  a  blessing  to  tiie 
soldier.  When  he  is  found  poor  in  money,  it  is  always  the  case  that  he  abounds  in 
health — a  fact  worth  recording." 

No  testimony  can  be  stronger  than  that  given  by  the  late  Inspector-General 
Sir  John  HaU,  KC.B.     He  saysj  :— 

"  My  opinion  is,  that  neither  spirit,  wine,  nor  malt  liquor  is  necessary  for  health.  The 
healthiest  army  I  ever  served  with  had  not  a  single  drop  of  any  of  them ;  and  although 
it  was  exposed  to  all  the  hardships  of  Kaffir  warfare  at  tne  Gape  of  Good  Hope,  in  wet  and 
inclement  weather,  without  tents  or  shelter  of  any  kind,  the  sick-list  seloom  exceeded 
one  per  cent ;  and  this  continued  not  only  throughout  the  whole  of  the  active  operations 
in  the  field  during  the  campaign,  but  after  the  men  were  collected  in  standing  camps  at 
its  termination ;  and  this  favourable  state  of  things  continued  until  the  termination  of 
the  war.  But  immediately  the  men  were  again  quartered  in  towns  and  fixed  posts,  where 
they  had  finee  access  to  spirits,  an  inferior  species  of  brandy  sold  there,  technically 
called  '  Cape  Smoke,'  numerous  complaints  made  their  appearance  among  them. 
.  "  In  Eanraria  the  troops  were  so  placed  that  they  had  no  means  of  obtaining  liquor  of 
any  kind ;  and  all  attempts  of  the  '  Winklers*  to  infringe  the  police  relations  were 
so  sammarily  and  heavily  punished  by  fines  and  expulsion,  that  the  illicit  trade  was 
effectually  suppressed  by  Colonel  Mackinnon,  the  Commandant  of  British  Kaffraria ;  and 
the  consequence  was,  that  drunkenness,  disease,  crime,  and  insubordination  were 
nnknown ;  and  yet  that  army  was  frequently  placed  in  the  very  position  that  the 
advocates  for  the  issue  of  spirits  would  have  said  required  a  dram. 

''  Small  as  the  amount  of  sickness  and  mortality  was  in  the  Crimea,  during  the  winter 
185^56,  they  would  have  been  reduced  one-hal^  I  am  quite  sore,  could  the  role  that 
was  observed  in  Kaffirland  have  been  enforced  there." 


*  Medical  Sketches  of  the  Expedition  to  Egypt,  p.  10. 

"f  Hamilton,  Military  Sunrery,  p.  61. 

t  Medical  History  of  the  War  in  the  Crimea,  vol  L  p.  504. 
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In  the  same  Kaffir  war  (1852),  a  marcli  was  made  by  200  men  from 
Graham's  Town  to  Bloomfronthein,  and  back ;  1000  miles  were  covered  in 
seventy-one  days,  or  at  the  rate  of  nearly  15  miles  daily ;  the  men  were  almost 
naked,  were  exposed  to  gfe&t  variations  of  temperature  (excessive  heat  during 
day  ;  while  at  night  water  froze  in  a  bell-tent,  with  twenty-one  men  sleeping 
in  it)  ;  and  got  as  rations  only  biscuit  (meat  1^  B>),  and  what  game  they  could 
kill  For  drink  they  had  nothing  but  water.  Yet  this  rapid  and  laborious 
march  was  not  only  performed  easily,  but  the  men  were  '^  more  healthy  than 
they  had  had  ever  been  before  ;  and  after  the  first  few  days,  ceased  to  care 
about  spirits.  Ko  man  was  sick  till  the  end  of  the  march,  when  two  men  got 
dysentery,  and  these  were  the  only  two  who  had  the  chance  of  getting  any 
liquor." 

In  the  lastXew  Zealand  war,  Dr  Neill  (Staff  Assistant-Surgeon)  found  that 
the  troops  marched  better,  even  when  exposed  to  wet  and  cold,  when  no 
spirits  were  issued,  than  when  there  was  a  spirit  ration. 

In  the  late  expedition  to  the  Eed  Eiver,  under  Sir  Garnet  Wolseley,  no 

alcoholic  Hquid  was  issued.     Two  accounts  of  this  remarkable  march  have 

been  published — one  by  Captain  Huyshe,*  and  the  other  by  an  officer  who 

wrote  an  interesting  account  of  the  march  in  BlackwoocPs  Magazine,  f     Captain 

Huyshe  says  : — 

**  Although  it  wajB  an  unheard-of  thing  to  aend  off  an  expedition  into  a  wildemeaa  for 
five  month  without  an^  spirits,  still  as  the  backwoodsman  was  able  to  do  hard  work 
without  spirits,  it  was  nghtly  thought  that  the  British  soldiers  could  do  the  same.  The 
men  were  allowed  a  large  daily  ration  of  tea,  1  oz.  per  man — ^practically  as  much  as  they 
could  drink ;  and,  as  I  am  now  on  tMs  subject  of  obhea  veratu  grog,  I  may  as  well  stats 
that  the  experiment  was  most  successfuL  The  men  of  no  previous  expedition  have  ever 
been  called  upon  to  perform  harder  or  more  continuous  labour  for  over  four  months.  .  .  . 
They  were  always  cheery,  and  worked  with  a  zealous  will  that  could  not  be  surpassed. 
This  expedition  would  have  been  a  bright  era  in  our  militarv  annals  had  it  no  other 
result  than  that  of  proving  the  &Uacy  hitherto  believed  in  of  tne  necessity  of  providing 
our  men  when  in  the  field  with  intoxicating  liquors." 

The  writer  in  Ekuikwood^a  Magazine  says  : — 

"  The  men  were  pictures  of  ffood  health  and  soldier-like  condition  whilst  stationed  at 
Prince  Arthur's  Landing  and  the  other  laiger  camps.  The  men  had  fiesh  meat,  bread, 
and  potatoes  every  day.  No  spirits  were 'flowed  throughout  the  journey  to  Fort  Garry, 
but  all  ranks  had  daily  a  large  ration  of  tea.  This  was  one  of  the  very  few  military  ex- 
peditions ever  undert&ken  by  English  troops  where  intoxicating  liquors  formed  no  part 
of  the  daily  ration.  It  was  an  experiment  based  upon  the  practice  common  in  Canada, 
where  the  lumbermen,  who  spend  the  whole  winter  m  the  backwoods,  employed  upon  the 
hardest  labour,  and  exposed  to  a  freezing  temperature,  are  allowed  no  spirits,  but  hav6 
an  unlimited  quantity  of  tea.  Our  old-fashioned  generals  accept,  without  any  attempt 
to  auestion  its  truth,  the  traditional  theory  of  rum  being  essential  to  keep  the  British 
soldier  in  health  and  humour.  Let  us  hope  that  the  experience  we  have  accjuired  during 
the  Red  River  expedition  may  have  buried  for  ever  this  old-fogyish  superstition.  Never 
have  the  soldiers  of  any  nation  been  called  upon  to  perform  more  unceasingly  hard  work  ; 
and  it  may  be  confidently  asserted  without  dread  of  contradiction,  that  no  men  have 
ever  been  more  cheerful  or  better  behaved  in  eveiy  resnect.  No  spirit  ration  means  no 
crime ;  and  even  the  doctors  who  anticipated  serious  illness  from  the  absence  of  liquor, 
will  aUow  that  no  troops  have  ever  been  healthier  than  they  were  from  the  beginning 
to  the  end  of  the  o^ration.  With  the  exception  of  slijcht  cases  of  diarrhoea,  arising 
from  change  of  diet,  it  may  be  said  that  sickness  was  unknown  amongst  us." 

Sir  Gramet  Wolseley,  who  commanded  in  this  remarkable  expedition,  speaks 
("  Soldiers'  Pocket  Book,"  2d  edition,  p.  172)  very  strongly  against  the  rum 
ration,  and  says  that,  by  substituting  tea  for  rum,  the  health  and  efficiency  of 
the  men  are  increased,  *'  their  disciplina  will  improve  as  their  moral  tone  is 
raised,  engendering  a  manly  cheeriPulness  that  spirit-drinking  armies  know 
nothing  of." 

*  Journal,  United  Serrioe  Listitution,  1871>  voL  xv.  p.  74. 
t  January  1871,  p.  64. 
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In  the  Ashanti  campaigii  of  1874  observations  were  carefully  recorded  by 
several  officers,  much  of  the  information  obtained  being  given  in  the  book 
"  On  the  Issue  of  a  Spirit  Bation  during  the  Ashanti  Campaign  of  1874  " 
(Parkes).  The  conclusions  arrived  at  were — 1.  That  abstinence  did  not 
render  those  who  abstained  more  sickly  as  a  whole  or  more  liable  to  malarious 
fever ;  nor  did  it  interfere  with  their  powers  of  marching.  2.  The  issue  of 
a  ration  of  rum  seemed  to  do  good  when  given  at  the  end  of  the  day  before 
going  to  rest  3.  That  the  quantity  (2^  oz.)  was  amply  sufficient.  On  the 
whole  the  necessity  for  the  ration  was  by  no  means  proved,  although  some 
officers  returned  rather  shaken  in  their  previous  belief  that  alcohol  was 
absolutely  unnecessary  in  a  military  expedition. 

In  sieges,  which  are  perhaps  more  trying  to  men  than  campaigning  in  the 
open  field,  the  advantage  of  temperance  has,  on  two  occasions,  been  very 
marked.  In  the  great  siege  of  Gibraltar,  Sir  George  Eliott,  who  was  a 
teetotaller,  enforced  the  most  rigid  temperance,  and  the  long  and  arduous 
blockade  was  passed  through  with  remarkably  little  sickness.  At  the  siege 
of  Jellalabad,  in  AffghaniBtan,  the  '^  illustrious  garrison  "  were  quite  destitute 
of  all  alcoholic  liquors ;  and,  to  the  astonishment  of  the  officers,  the  Europeans 
never  had  been  so  healthy,  cheerful,  martial,  and  enduring,  and  free  from  crime. 
During  the  Indian  mutiny  many  regiments  were  debarred  from  spirits  for  a 
long  time,  and  were  much  healthier  than  when  they  got  them. 

In  fact,  it  may  be  confidently  asserted  that  in  war,  spirits  especially,  and 
indeed  all  alcoholic  liquors,  are  better  avoided ;  and  the  phrase  of  an  American 
army  surgeon  in  the  late  civil  war,  who  noticed  how  great  was  the  improve- 
ment when  spirit  prohibition  was  enforced,  is  fully  justified  by  our  own 
experience — "  The  curse  of  an  army  is  intoxicating  liquors ;  the  spirit  ration 
is  the  great  source  of  all  this  mischief." 

When  debarred  from  spirits  and  fomented  liquids,  men  are  not  only  better 
behaved,  but  are  far  more  cheerful,  are  less  irritable,  and  endure  better  the 
hardships  and  perils  of  war.  The  courage  and  endurance  of  a  drunkard  are 
always  lessened ;  but  in  a  degree  far  short  of  drunkenness,  spirits  lower,  while 
temperance  raises,  the  boldness  and  cheerfulness  of  spirit  which  a  true  soldier 
should  posses^* 

*  The  custom  of  giving  rations  of  spirits  to  soldiers  and  sailors  (even  now  not  altogether  dis- 
continued), was  one  of  those  incredible  mistakes  which  are  only  made  worse  by  the  explanation 
that  it  was  done  to  please  the  men,  and  cover  neglect  in  other  ways.  If  any  one  wishes  to 
see  what  our  army  was  in  former  days,  and  how  our  dreadful  military  regulations  made  men 
drunkards  in  spite  of  themselves,  I  mi^  refer  them  to  an  old  Peninsular  surgeon's  (William 
Fergusson's)  Notes  and  Recollections  of  a  Professional  Life  (1846).  "  During  the  last  war"  (he 
says,  p.  74),  "our  sailors  and  soldiers  appeared  to  live  for  the  purpose  of  getting  drunk ;  with 

them  it  seemed  to  be  the  chief  article  of  toeir  creed— the  chief  end  of  life '  Grog,  grog,' 

was  stfll  the  cry ;  I  have  seen  it,  as  it  were,  forced  down  the  throats  of  the  innocent  ne^  boy 
and  the  uncorrupted  young  recruit.  We  seemed  to  believe  that  the  term  aqua  vita  was  its  tru'i 
designation.  Every  one  was  to  have  it ;  no  matter  what  the  age,  the  colour,  the  country,  or  the 
breeding.  Our  Portuguese  allies  in  the  Peninsula  were  the  sooerest  of  mankind.  They  liked 
their  own  weak  country  wine  to  dilute  their  food,  but  that  would  not  do  for  us.  We  actually 
sent  for  tiie  rum  of  the  West  Indies  and  gave  it  them ;  and  at  the  battle  of  Busaco,  I  saw  a  party 
of  Portuguese  artillery,  as  soon  as  the  rum  ration  was  served,  as  if  they  had  been  possessed  by 
a  devil  (and  they  actiutlly  were  possessed  by  a  devil  in  the  shape  of  alcohol)  draw  their  swor^ 
and  fight  with  one  another,  when  actually  under  the  tire  of  the  enemv"  (p.  85). 

He  cites  numerous  most  lamentable  facts,  and  well  concludes  that  ''our  canteen  system 
will  in  after  times  be  viewed  with  horror  and  astonishment,  at  its  folly,  corruption,  and  wicked- 


ness." 


I  do  not  recall  these  opinions  without  a  motive.  There  is  too  much  reason  to  fear  that  many 
officers  still  believe  that  soldiers  must  have  spirits.  Fergusson  sa^s  that  '*  the  exceeding  vul- 
sarity  of  the  prejudice  that  ardent  spirits  impart  strength  and  vigour  to  the  human  frame  is 
disgraceftd  to  educated  men ;"  and  yet  this  oelief  is  still  actually  held  by  many  persons  in 
authori^.  Although  in  the  army,  drinking  is  the  great  source  of  all  crime  and  insubordina- 
tion ;  although  even  within  the  last  twenty  years  we  have  had  one  if  not  more  instances  that, 
even  during  an  assault,  men  will  sacrifice  anything,  even  their  honour,  to  obtain  spirits ; 

U 
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Looking  back  to  this  evidence,  it  may  be  asked.  Are  there  any  circumstances 
of  the  soldier's  life  in  which  the  issue  of  spirits  is  advisable,  and  if  the  ques- 
tion at  any  time  lies  between  the  issue  of  spirits  and  total  abstinence,  which 
is  the  best  1 

To  me  there  seems  but  one  answer.  If  spirits  neither  give  strength  to  the 
body,  nor  sustain  it  against  disease — are  not  protective  against  cold  and  wet, 
and  aggravate  rather  than  mitigate  the  effects  of  heat — if  their  use  even  in 
moderation  increase  crime,  iigure  discipline,  and  impair  hope  and  cheerful- 
ness— ^if  the  severest  trials  of  war  have  been  not  merely  borne,  but  most  easily 
borne,  without  them — ^if  there  is  no  evidence  that  they  are  protective  against 
malaria  or  other  diseases — ^then  I  conceive  the  medical  officer  will  not  be 
justified  in  sanctioning  their  issue  under  any  circumstances. 

The  terrible  system  which  in  the  East  and  West  Indies  made  men 
drunkards  in  spite  of  themselves,  and  which  by  the  issue  of  the  morning 
dram  did  more  than  anything  else  to  shatter  the  constitutions  of  the  young 
soldiers,  is  now  becoming  a  thing  of  the  past  But  the  soldier  is  still 
permitted  to  get  spirits  too  easily,  and  is  too  ignorant  of  their  fatal  influence 
on  his  health.  Still  the  British  army  bears  the  unhappy  character  of  the 
most  intemperate  army  in  Europe,  and  it  is  certain  that  its  moments  of 
misconduct  and  misfortune  have  been  too  frequently  caused  by  the  unrestrain- 
able  passion  for  drink.  Eemembering  all  these  things,  and  how  certainly  it 
has  been  proved  that  drunkenness  increases  the  spread  of  syphilis,  it  is  not 
too  much  to  say  that  the  repression  of  this  vice  should  be  one  of  the  chief 
duties  of  every  officer  in  the  army.  Moderation  should  be  encouraged  by 
precept  and  example  ;  wholesome  beer  and  light  wine  should  be  invariably 
substituted  for  spirits,  and  if  these  cannot  be  procured,  it  may  safely  be  said 
that  the  use  of  tea,  coffee,  or  simple  water  is  preferable  to  spirits  under  all 
circumstances  of  the  soldier's  life. 

Resistance  to  Disease. — Malaria. — There  are  instances  for  and  against  the 
view  that  spirits  are  useful  against  malaria.  On  both  sides  the  evidence  is 
defective  ;  but  there  are  so  many  cases  in  which  persons  have  been  attacked 
with  malarious  disease  who  took  spirits,  that  it  is  impossible  to  consider  the 
preventive  powers  great,  even  if  they  exist  at  alL  On  the  other  hand,  when 
teetotallers  have  escaped  malaria  (as  in  the  instance  recorded  by  Drake),* 
there  have  been  other  circumstances,  such  as  more  abundant  food  and  better 
lodging,  which  will  explain  their  exemption.  The  probability  is,  that  the 
reception  and  action  of  malaria  are  not  influenced  by  the  presence  or  absence 
of  alcohol  in  the  blood,  unless  the  amount  of  alcohol  is  so  great  as  to  lessen 
the  amount  of  food  taken. 

Yellmo  Fever. — It  is  a  general  opinion  in  New  Orleans  and  Mobile  that  the 
victims  of  yellow  fever  are  chiefly  those  who  drink  freely  (Drake).  The 
old  West  Indian  experience  is  to  the  same  effect 

Cholera. — Intemperance,  per  se,  has  no  influence,  and  teetotalism  does  not 
guard  against  cholera.  When  a  regiment  is  attacked  with  cholera,  and  the  men 
take  to  drinking,  a  number  of  pseudo-cases  come  into  hospital  of  vomiting  and 


although  the  best  officers  know  that  this  is  the  one  point  on  which  they  cannot  depend  on  their 
men,  far  too  little  has  been  done  to  make  our  army  temperate.  I  do  not  mean  to  say  that 
nothing  has  been  done  ;  on  the  contrary,  in  this,  as  in  all  tuings,  progress  has  been  made,  but 
the  measures  are  not  sufScient  to  control  an  evil  so  gigantic.  It  is  the  same  thing  in  civil  life ; 
there  is  no  question  that  more  disease  is,  directly  and  indirectly,  produced  by  drunkenness 
than  by  any  other  cause,  and  that  the  moral  as  well  as  the  physical  evils  proceeding  from  it  are 
beyond  all  reckoning ;  and  yet  the  attempts  of  the  Legislature  to  set  some  bounds  to  intemper- 
ance have  been  and  are  opposed  with  a  bitterness  which  could  only  be  justified  if  the  degra- 
dation and  not  the  improvement  of  mankind  was  desired. 
*  On  the  Interior  Valley  of  North  America. 
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cramps,  which  are  often  returned  as  cholera^  but  I  believe  they  seldom  if  ever 
pass  into  true  cholera. 

Dysentery, — It  has  been  supposed,  from  some  statistics  for  1847,  published 
in  the  Fort  George  Ckusette,  that  teetotallers  were  more  subject  to  dysentery, 
bat  the  error  was  committed  of  not  estimating  sufficiently  the  influence  of  a 
particular  station  (Secunderabad),  where  it  is  so  happened  a  number  of 
teetotallers  were  stationed  during  an  outbreak  of  dysenteiy.  The  conditions 
of  the  station  were  to  blame,  not  the  habits  of  the  men. 

In  none  of  the  conditions  now  enumerated  is  there  any  evidence  that 
alcohol  is  desirable. 

Condusum  as  to  the  Use  of  AlcoJiol. 

The  facts  now  stated  make  it  difficult  to  avoid  the  conclusion  that  the 
dietetic  value  of  alcohol  has  been  much  over -rated.  It  does  not  appear  to  me 
possible  at  present  to  condemn  alcohol  altogether  as  an  article  of  diet  in 
health  ;  or  to  prove  that  it  is  invariably  hurtful,  as  some  have  attempted  to 
do.  It  produces  effects  which  are  often  useful  in  disease  and  sometimes 
desirable  in  health,  but  in  health  it  is  certainly  not  a  necessity,  and  many 
persons  are  much  better  without  it  As  now  used  by  mankind,  it  is  infinitely 
more  powerful  for  evil  than  for  good  ;  and  though  it  can  hardly  be  imagined 
that  its  dietetic  use  will  cease  in  our  time,  yet  a  clearer  view  of  its  effects 
must  surely  lead  to  a  lessening  of  the  excessive  use  which  now  prevails.  As 
a  matter  of  public  health,  it  is  most  important  that  the  medical  profession 
should  throw  its  great  influence  into  the  scale  of  moderation  ;  should  explain 
the  limit  of  the  useful  power,  and  show  how  easily  the  line  is  passed  which 
carries  us  from  the  region  of  safety  into  danger,  when  alcohol  is  taken  as  a 
common  article  of  food.* 

Dietetic  Use  of  Alcoholic  Beverages, 

In  the  previous  remarks,  the  effect  of  alcohol  only  has  been  discussed,  but 
beer  and  wine  contain  other  substances  besides  alcohoL 

In  wine  there  are  some  albuminous  substances,  much  sugar  (in  some  wines), 
and  other  carbo-hydrates,  and  abundant  salts.  Whether  it  is  that  the  amount 
of  alcohol  is  smaJl,  or  whether  the  alcohol  be  itself,  in  some  way,  different 
from  that  prepared  by  distillation,!  or  whether  the  co-existence  of  carbo- 
hydrates and  of  salts  modifies  its  action,  certain  it  is  that  the  moderate  use 
of  wine,  which  is  not  too  rich  in  alcohol,  does  not  seem  to  lead  to  those 
profound  alterations  of  the  molecular  constitution  of  organs  which  follow  the 
use  of  spirits,  even  when  not  taken  largely.  Considering  the  large  amounts 
of  vegetable  salts  which  most  wines  contain,  it  may  reasonably  be  supposed 
that  they  play  no  unimportant  part  in  giving  dietetic  value  to  wine.  Indeed, 
it  is  quite  certain  that,  in  one  point  of  view,  they  are  most  valuable ;  they  are 
highly  anti-scorbutic,  and  the  arguments  of  Lind  and  Gillespie,  for  the 
introduction  of  red  wine  into  the  royal  navy  instead  of  spirits,  have  been 
completely  justified  in  our  own  time  by  both  French  and  English  experience. 

*  A  great  evU  is  growing  up  in  India,  which  now  could  be  checked,  but  which  we  shaU  be 
powerleas  to  meet  in  a  few  years.  The  Hindoos,  formerly  the  most  temperate  of  races,  are 
rapidly  becoming  addicted  to  drink.  This  is  said  to  be  partly  owins  to  the  regulations  of  the 
Oovemment  permitting,  and  even  encouraging  the  sale  of  n>irits,  although  the  ucoholic  liquors 
form  no  part  of  the  oroinary  food  of  the  people,  and  therefore  their  prohibition  is  not  difficult ; 
and  part^  fh>m  the  bad  example  of  the  Europeans  in  India,  who,  as  the  dominant  race,  are 
impressing  more  and  more  the  nations  whom  they  control.  It  seems  a  matter  which  our  states- 
men may  weU  look  into,  for  it  involves  the  happiness  of  many  nations. 

f  Thudichum  and  Duprtf  could  not,  however,  trace  any  difference  between  the  alcohol  in 
-wines  and  that  derived  from  other  sources. 
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It  is  now  certain  that  with  the  same  diet,  but  giving  in  one  case  red  wine,  in 
another  nun,  the  persons  on  the  latter  system  will  become  scorbutic  long 
before  those  who  take  the  wine.  This  is  a  most  important  fact,  and  in  a 
campaign  the  issue  of  red  wines  should  never  be  omitted.  The  ethers  may 
also  be  important  if,  as  indicated  by  Bernard,  and  recently  pointed  out  by  Dr 
B.  Forster  (Brit  Med.  Journal,  Nov.  1868),  they  excite  the  flow  of  the 
pancreatic  secretion,  and  thereby  promote  the  absorption  of  fat. 

In  beer,  there  appear  to  be  four  ingredients  of  importance,  viz.,  the 
extractive  matters  and  sugar,  the  bitter  matters,  the  free  acids,  and  the  alcohoL 
The  first,  no  doubt^  are  carbo-hydrates,  and  play  the  same  part  in  the  system 
as  starch  and  sugar,  appropriating  the  oxygen,  and  saving  fat  and  albuminates 
from  destruction.  Hence,  one  cause  of  the  tendency  of  persons  who  drink 
much  beer  to  get  fat.  The  bitter  matters  are  supposed  to  be  stomachic  and 
tonic ;  though  it  may  be  questioned  whether  we  have  not  gone  too  far  in  this 
direction,  as  many  of  the  highest-priced  beers  contain  now  little  else  than 
alcohol  and  bitter  extract.  The  action  of  the  free  acids  is  not  known ;  but 
their  amount  is  not  inconsiderable ;  and  they  are  mostly  of  the  kind  which 
form  carbonates  in  the  system,  and  which  seem  to  play  so  useful  a  part.  The 
salts,  especially  potassium  and  magnesium  phosphates,  are  in  large  amount. 

It  is  evident  that  in  beer  we  have  a  beverage  which  can  answer  several 
purposes — ^viz.,  can  give  a  supply  of  carbo-hydrates,  of  acid,  of  important  salts, 
and  of  a  bitter  tonic  (if  such  be  needed)  independent  of  its  alcohol,  but 
whether  it  is  not  a  very  expensive  way  of  giving  these  substances  is  a  question. 

In  moderation,  it  is  no  doubt  well  adapted  to  aid  digestion,  and  to  lessen 
to  some  extent  elimination  of  fat  It  may  be  inferred  that  beer  will  cause 
an  increase  of  weight  of  the  body,  by  increasing  the  amount  of  food  taken  in, 
and  by  slightly  lessening  metamorphosis;  and  general  experience  confirms 
those  inferences.  When  taken  in  excess,  it  seems  to  give  rise  to  gouty  a£fec- 
tions  more  readily  even  than  wine. 

In  spirits,  alcohol  is  the  main  ingredient,  chiefly  in  the  form  of  ethyl-alcohol, 
though  there  are  small  amounts  of  propyl-,  butyl-,  and  in  some  cases  amyl- 
alcohols.  In  addition,  there  are  sometimes  small  quantities  of  ether ;  and,  in 
some  cases,  essential  oUs  (as  apparently  in  absinthe,  and  in  one  kind  of  Cape 
brandy),  which  have  a  powerful  action  on  the  nerves.  But  spirits  are,  for  the 
most  part,  merely  flavoured  alcohol,  and  do  not  contain  the  ingredients  which 
give  dietetic  value  to  wine  and  beer.  They  are  also  more  dangerous,  because 
it  is  so  easy  to  take  them  undiluted,  and  thus  to  increase  the  chance  of 
damaging  the  structure  and  nutrition  of  the  albuminous  structures  with  which 
they  come  first  in  contact.  There  is  every  reason,  therefore,  to  discourage  the 
use  of  spirits,  and  to  let  beer  and  wines,  with  moderate  alcoholic  power,  take 
their  place. 

SECTION  II. 
NON-ALCOHOLIC  BEVERAGES. 
Sub-Sbction  I. — Coffee. 

TJnroasted  coffee  contains  much  cellulose  (34  per  cent),  fat  (10  to  13  per 
cent),  sugar  and  dextrin,  and  vegetable  acid  (15 '5),  andlegumin  (10  per  cent) 
There  is  also  a  solid  acid,  aromatic  oil  in  smaU  quantities,  caffein,  and  ash,  the 
cMef  ingredients  of  which  are  potash  and  phosphoric  acid.  The  total  amount 
of  caffein  (free  and  combined),  according  to  Payen,  is  about  1*736  per  cent ; 
but  this  is  more  than  other  observers  have  found.  In  roasted  coffee  berries 
the  average  of  Boutron  and  Bobiquet's  analyses  gives  *238  per  cent  of  caffein 
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Aubert*  has  given  the  amount  as  from  *709  to  '849  per  cent,  and  Witte 
makes  it  '666  per  cent ;  Graham,  Stenhouse,  and  Campbell  state  it  as  '87  per 
cent  It  may  be  assumed  to  be  '75  per  cent  on  an  average.  Aubert  found 
that  roasting  coffee  to  any  extent  caused  very  little  loss  of  caffein.  The  caffein 
is  extracted  easily  by  benzol  or  by  chloroform.! 

When  coffee  is  roasted  it  swells,  but  becomes  lighter  (15  to  even  25  per 
cent  if  the  coffee  is  dark  roasted).  The  sugar  is  changed  into  caramel,  the 
peculiar  aroma  is  developed,  the  union  between  the  caffein  and  the  caffee-gallic 
acid  is  broken  up ;  several  gases  are  formed,  viz.,  carbonic  acid  (in  greatest 
amount),  carbonic  oxide,  and  nitrogen.  It  is  owing  to  these  gases  that  the 
roasted  coffee  swells  so  mucL  (Coulier,  Becueil  de  Memoires  de  Med.  Mil.y 
Juin  1864,  p.  508).  In  the  infusion  almost  all  the  caffein  is  found,  according 
to  Aubert,  while  others  say  about  one-half  is  lost  Aubert  has  found  that  in 
a  cup  of  coffee  made  with  16 '6  6  grammes,  or  '587  ounce  avoirdupois  (\ 
Prussian  loth),  there  are  from  *1  to  '12  grammes  ( =  1  '5  to  1  '9  grains  of  caffein). 
In  a  cup  of  tea  made  from  5  to  6  grammes  (  =  77  to  92  grains)  of  tea,  about 
the  same  amount  of  caffein  is  contained. 

A8  an  article  of  diet,  coffee  stimulates  the  nervous  system,  and  in  large  doses 
produces  tremors.  Cajffein  given  to  animals  augments  reflex  action,  and  may 
produce  tetanus,  or  peculiar  stiffness  of  muscles.  It  increases  the  frequency 
of  the  pulse  in  men,  and  removes  the  sensation  of  commencing  fatigue  during 
exercise.  It  has  been  said  (J.  Lehmann  and  others)  to  lessen  the  amount  of 
urea  and  phosphoric  acid,  but  this  is  doubtful  J  It  appears,  however,  to 
increase  the  urinary  water.  The  pulmonary  carbonic  acid  is  said  to  be  increased 
(K  Smith).     It  increases  the  action  of  the  skin. 

In  animals  (frogs,  dogs,  and  rabbits),  caffein  produces  the  following  effects, 
as  determined  by  Aubert  and  others  : — Increased  reflex  action ;  a  peculiar 
stiffness  of  the  muscles,  sometimes[tetanus ;  no  lessening  of  nervous  excitability ; 
an  invariable  increase  in  pulse-frequency,  and  a  lessening  of  the  blood-pressure 
(in  dogs).  This  effect  on  the  circulation  is  peculiar  and  complex.  Aubert 
is  convinced  that  the  work  of  the  heart  is  less,  in  spite  of  the  increased  beats ; 
there  is  not  time  for  perfect  contraction,  and  this  lessened  power  shows  itself, 
he  tl^nks^  in  the  lessened  blood-pressure.  Aubert  considers  that  the  lessened 
heart-pressure  is  dependent  on  a  more  or  less  marked  paralysis  of  the  nerves 
passing  to  the  heart  from  the  ganglia ;  the  increased  frequency  must  be 
dependent  either  on  paralysis  of  the  regulating  or  excitation  of  the  contractive 
heart  nerves,  and  of  this  alternative  he  adopts  the  latter.  He  thinks  it 
uncertain  whether  coffee  owes  its  dietetic  value  to  the  caffein. 

Coffee  is  a  most  important  article  of  diet  for  soldier8,§  as  not  only  is  it 

*  Archly .  fdr  die  get.  Fhys.,  band  v.  p.  688. 

f  Caffein,  theinoj  and  theobromine  are  the  same  substance.  In  the  leaves  of  the  Paragnay  tea 
{JUx  paraffiiaye7isUf  the  tea  is  called  Mat6  in  Paraguay),  which  are  used  to  make  tea  in  the 
Argentine  confederation,  and  throughout  the  southern  part  of  Brazil,  there  is  also  an  alkaloid 
identical  with  theine.  In  dietetic  properties,  Paraguay  tea  is  thought  to  stand  between  coffee 
and  Chinese  tea,  but  to  be  more  like  coffee.  The  aDcaloid  in  guarana  is  also  theine,  according 
to  Stenhouse. 

X  While  Hoppe  found  a  decrease  in  dogs,  Voit  found  no  alteration  of  urea;  and  some  ve-y 
careful  experiments,  made  by  Dr  Squaiey  of  University  College,  do  not  confirm  Lehmann's 
observations  on  men  so  far  as  the  urea  is  concerned.  Dr  Squarey's  experiments  are  far  more 
complete  than  those  of  Lehmann  ;  the  urea  was  not  affected  even  by  very  large  quantities  of 
ooffee.  It  would  be  interesting  to  examine  the  urine  again  after  the  use  of  the  Erythroxylon 
eoea.  The  late  work  of  M.  Moreno  of  Mail  (Paris  1868),  confirms  the  previous  statements  of 
the  removal  of  the  sensation  of  hunger  by  this  substance.  The  cold  infusion  increases,  he 
aifirms,  the  arterial  tension. ' 

§  The  ration,  one  ounoe,  is  generally  too  small,  and  mi^ht  advantageously  be  doubled  at 
least  See  experiments  recoxoed  in  "The  Issue  of  a  Spirit  Ration"  (Paxkes),  Appendix  L 
p.  ^tf .  €t  seq. 
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invigoratuift  withont  producing  subBequent  collapse,  but  the  liot  infusion  is 
almost  etj^uiLUy  serviceable  against  both  cold  and  heat :  in  the  one  caae,  the 


Fig.  63.— T«rt«  of  tb 

wannth  of  the  infusion,  in  the  other,  the  action  on  the  akin,  being  uaeful, 
while  in  both  cases  the  nervoua 
stimulation  is  very  deeirahle.  Dr 
Hooker  t«llB  us  that  in  the  Antarctic 
expedition  the  men  all  pTcferred 
coffee  t«  spirits,  and  this  was  the 
case  in  the  Schleawig-Holstein  war 
of  1849. 

The  experience  of  Algeria  and 
India  (where  coffee  is  coming  more 
and  more  into  use)  proves  its  use 
in  hot  dimatea. 

It  has  been  asserted  to  be  protoc- 

'  tive  against  malaria.    The  evidence 

is  not  strong,  but  still  is  sufGcient 

to  authorise  its  use  in  malarious 

districts 

Making  of  Cojfee.— Boasted  and 

H  ground  coffee  must  be  served  out  t« 

Fig.  M.-IUW  CoffM-beny ;  tmneTene  sectiou    troops,  as  the  delicate  operation  of 

X  170.  roasting  can  never  be  performed  by 

Soldiers.     Exposed  to  the  air,  the  roasted  and  ground  coffee  loses  its  aroma  in 

from  two  to  four  months ;  but  if  packed  in  tins  it  will  keep  it  for  several 
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months.  The  tins  should  not  be  too  lai^,  so  that  no  more  than  necessary 
may  be  exposed  to  the  air.  It  has  been  said  that  the  tin  is  acted  upon,  but 
this  does  not  appear  to  be  the  case  for  some  time.  The  amount  should  be 
at  least  -^tbs  of  an  ounce  for  each  person  per  meaL 

The  coffee  must  not  be  boiled,  or  the  aroma  is  in  part  dissipated ;  but  if 
made  with  water  of  180°  Or  200°,  the  coffee  only  gives  up  19  to  26  per  cent., 
whereas  it  ought  to  yield  30  to  36  per  cent.  In  order  to  get  the  full  benefit 
of  the  coffee,  therefore,  after  the  infusion  has  been  poured  off,  the  grounds 
should  be  well  boiled  in  Oome  more  water,  and  the  hot  decoction  pourad  over 


Fig.  6S.— BoasM  CoffM ;  the  daik  cells,  (vntsinlng  air,  show  the  spiral  flbra. 

fresh  coffee,  so  that  it  may  take  up  aroma ;  the  coffee  thus  partially  exhausted 
can  be  used  on  the  naxt  occasion  for  boiling. 

The  infusion  of  coffee  has  a  specific  gravity  of  about  1008  to  1010;  tiie  oil 
caffein,  sugar,  dextrin,  and  mineral  matters,  are  taken  up  by  water. 

Choice  of  Coffee. — This  is  determined  entirely  by  the  aroma  and  taste  of 
the  roasted  coffee  and  of  the  infusion.  If  the  coffee  has  been  damaged  (as  by 
sea-water,  when  the  berries  are  washed  in  fresh  water  and  redried),  there 
is  always  a  disagreeable  taste  even  after  roasting  (Chevallier).  The  berries 
give  up  less  than  usual  to  water  {12  per  cent.)* 

AdvUeratiom. — The  microscope  detects  adulterations  with  the  greatest  ' 
facility. 

The  structure  of  the  coffee-berry  is  shown  in  the  drawings. 

The  long  cells  of  the  testa  (figs,  63  and  65)  are  very  marked.  The 
interior  of  the  berry  also  presente  characters  which  are  quite  evident ;  an 
irr^olar  areolar  tisane  contains  light  or  dark  yellow  angular  masses  and  oil 

•  With  ngud  to  the  choice  of  the  coffee  berry  eome  caution  ninBt  1m  used.  The  bert  coiTee, 
that  of  Yemen,  ori^nally  the  Abyssinian  beny,  is  a  moderately  large  full  berry  (according  to 
-  Palgrave),  the  inferior  enrts  being  small  and  shrivelled.  In  India  the  same  mte  does  not  seem 
to  bold  good,  and  I  have  been  told  by  olBcers  of  experience  that  in  that  country  the  best 
coffee  i«  ofleD  a  sbriTelled  and  Dninriting-looking  article,  whilst  the  toiler  and  apparently 
finer  sample)  an  leally  inferior  for  use  w  a  beverage,    t^-  ^  C) 
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globulefi,  which  are  VBty  different  from  any  adulteratione.  The  little  cork- 
screw-like unrolled  spinil  fibres  are  chiefly  found  in  the  bottom  of  the  raphe. 
The  usual  adulterations  of 
coffee  are  roasted  chicory;* 
cereal  grains  or  beans,  pota- 
toes, and  sugar. 

1.  Chicory    ia    discovered 
hy  its  smell;  by  yielding  a 

i  darker  and  denser  infusion 
of  a  specific  gravity  of  1018 
to  1020;  and  by  its  micro- 
scopic characters.  It  also 
sinks  at  once  in  water  when 
roasted,  whereas  cofibe  floats 
for  a  long  time  in  conse- 
!  quence  of  the  development 
of  gas  durii^  roasting,  or 
from  the  non-absorbent  cha- 
racter of  the  periaperm  and 
hard  yellow  granules  of  the 
cellulose.  The  microscopic 
test  is  the  most  important, 
'     '     '  '    Jj^  ' — ' — ' — ' —  and  both  the  cells  and  dotted 

Frj....-Ro«wcir™.b.,^,i  ta..T.r«««i...    ''"'■  °'  ;>^  "»  ^^^^ 

characteristic,  at  lea§t  nothing 
like  them  exiata  in  coffee,  f  The  percentage  of  ash  has  been  suggested  as  a  means 
of  detection.     Coifee  yields  about  4  per  cent.,  of  which  four-fifths  are  soluble 


STg.  67.— Chicory  root ;  ctlls  and  dotted  duct«, 
in  water :  chicory  yields  about  5  per  cent,,  of  which  only  one-third  is  soluble. 
2.  Boasted  com  or  beans  are  at  once  known  by  the  6tarch.grains,  which 

■  Cbicory  ii  itaslf  kdalterated  with  routed  bulev  lod  wheat  grain,  uonu.  muuold-waRel, 

lint  of  sugu 
propotod  U 


+  CblootT  oontaiDi  s  noUble  amount  ot  sugsr  (12'14  per 
re  tbu  1  per  cent.    Wanklfn  haa  propoted  to  make  thl« 


coppsr  t«at. 
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frequently  preserve  the  precise  character  of  wheat  or  barley  or  beans.  (See 
figures  of  these  grains,  p.  227  et  seq,)  Iodine  turns  them  at  once  blue.  The 
infusion  also  gives  a  blue  with  iodine. 

3.  Potato  starch  is  also  at  once  detected ;  there  is  nothing  like  it  in  coffee. 
(See  figure,  p.  232.)  Sago  starch,  which  is  sometimes  used,  is  easily 
detected. 

4.  Sugar  is  detected  by  solution,  and  by  the  copper  solution  which  it 
leduces,  as  the  kind  of  sugar  is  almost  always  glucose.  If  caramel  or  burnt 
sugar  be  present^  make  an  infusion,  evaporate,  dry,  and  taste;  if  the  extract  be 
brittle,  dark  coloured,  and  bitter  to  the  taste,  caramel  has  been  added  (Hassall). 

5.  Pereira*  has  given  a  long  list  of  adulterations  of  chicory,  and  Hassall 
has  also  detected  mixture  with  mangold-wurzel,  parsnip,  carrot,  acorn,  and* 
saw-dust  The  cells  of  mangold-wurzel  are  like  chicory,  but  much  larger ; 
those  of  carrot  and  parsnip  are  something  like  chicory,  but  contain  starch  ceUs ; 
the  starch-grains  of  tl^e  acorn  are  round  or  oval,  with  a  deep  culvert  depres- 
sion, or  hilum.  The  infusion  of  chicory  is  not  turned  blue  by  iodine ;  when 
incinerated  the  ash  of  chicory  should  not  be  less  than  5  per  cent. 

Sub-Sbotion  II. — Tba. 

The  chief  kinds  of  black  tea  are  Souchong,  Congou,  Oolong,  and  Pekoe. 
Bohea  is  not  now  found  in  the  market.  The  chief  green  teas  are  Hyson, 
Hyson-stem,  Twankay,  Caper,  and  Gunpowder. 

Dry  tea  contains  about  1'8  per  cent  of  thein;  2*6  of  albumen;  9*7  of 
dextrin ;  22  of  cellulose ;,  15  of  tannin ;  20  of  extractives ;  5*4  of  asb^  as  well 
as  other  matters,  such  as  oil,  wax,  and  resin. 

In  some  good  teas  the  amount  of  thein  is  much  greater.     P^ligot  found  as 
much  as  6*21  per  cent  in  dry  tea.     The  thein  is  combined  with  tannic  acid. 
Black  tea  contains  from  6  to  10  per  cent  of  water — more  often  the  latter 
quantity ;  green  tea  about  8  per  cent 

The  ash  consists  principally  of  potash,  soda,  magnesia,  phosphoric  acid, 
chlorine,  carbonic  acid,  iron,  and  silica,  f  There  is  rather  more  tannic  acid, 
and  more  thein  and  setherial  oil,  in  green  than  black  tea,  and  less  cellulose : 
otherwise  the  composition  is  much  the  same  (Mulder). 

Black  tea  yields  to  boiUng  water,    .         .         29-45  per  cent 

Afi  a  mean,       .         38        „ 

Green,  t 40-48        „ 

As  a  mean,       .         43        „ 

About  -l^ths  of  the  soluble  matters  are  taken  up  by  the  first  infusion  with 
hot  water.  § 

If  water  contain  muchHme  or  iron,  it  will  not  make  good  tea ;  in  each  case 
the  water  should  be  well  boHed  with  a  little  carbonate  of  soda  for  15  or  20 
minutes,  and  then  poured  on  the  leaves. 

In  the  infusion  are  found  dextrin,  glucose,  tannin,  and  thein.  About  47  per 
cent  of  the  nitrogenous  substances  pass  into  the  infusion,  and  53  per  cent 
remain  undissolved.     If  soda  is  added,  a  still  greater  amount  is  given  to  water. 

The  green  tea  (now  little  sold)  is  either  natural  or  coloured  (faced)  with 


•  Materia  Medica,  vol.  ii.  p.  1578  (186S). 

f  The  Society  of  Public  Analysts  have  adopted  8  per  cent  of  ash  as  the  maximum  of  perfectly 
dirtea.  The  amount  in  ordinary  tea  is  about  5  to  6  percent.,  of  which  about  8  per  cent,  is 
soluble.    The  ash  of  spent  tea  is  only  about  3  per  cent.,  of  which  0*5  is  soluble. 

t  There  appears  now  to  be  very  little  green  tea  in  the  market,  since  it  has  been  decided  that 
"  facing  "  is  an  adulteration. 

§  The  Society  of  Public  Analysts  have  adopted  30  i>er  cent,  as  the  minimum  extract  in 
genuine  tea ;' Wanklyn  takes  82,  and  certainly  good  genuine  tea  generally  yields  this  at  leaHt. 


314  NON-ALCOHOLIC  BEVERAGES. 

indigo,  Prussian  blue,  clay,  carbonate  and  acetate  of  copper,  cuivuma,  gypsum, 
and  chalk. 

Scraping  the  tea-leaves  and  microscopic  examination  at  onoe  detect  the  shin- 
ing blue  particles  of  indigo  and  Prussian  blue  ;  and  the  addition  of  an  acid 
indicates  which  is  indigo.*  Copper  is  at  once  detected  by  solution  in  an 
acid  and  addition  of  ammonia.  Letheby  mentions  that  black  lead  is  used  to 
give  a  bloom  to  black  teas. 

Aa  an  Article  of  Diet. — Tea  seems  to  have  a  decidedly  stinralatiYe  and 
restorative  action  on  the  nervouB  system,  which  is  perbtps  aided  by  the 
warmth  of  the  infusion.  Ko  depression  follows  this.  The  pulse  is  a  little 
quickened.  The  amount  of  pulmonary  carbonic  acid  is,  according  to  E. 
Smith,  increased,  t  The  action  of  the  skin  is  increased ;  that  of  the  bowels 
lessened.  The  kidney  excretion  is  little  affected  ;  perhaps  the  urea  is  a  little 
lessened,  but  this  is  uncertain.  | 

As  an  article  of  diet  for  soldiers,  tea  is  most  useful  The  hot  infusion,  like 
that  of  coffee,  is  potent  both  against  heat  and  cold  ;  is  most  useful  in  great 
fatigue,  especially  in  hot  climates  (Eanald  Martin)  ;  and  also  has  a  great 
purifying  effect  on  water.  Tea  is  so  light,  is  so  easily  carried,  and  the  infusion 
is  so  readily  made,  that  it  should  f  Obn  the  drink  par  excellence  of  the  soldier 
on  service.  There  is  also  a  belief  that  it  lessens  the  suceptibility  to  malaria, 
but  the  evidence  on  this  point  is  imperfect. 

Choice  of  Tea. — The  tea  should  not  be  too  much  broken  up,  or  mixed  up 
with  dirt.  Spread  out,  the  leaves  should  not  be  all  large,  thick,  dark,  and 
old,  but  some  should  be  small  and  young.  There  will  always  be  in  the  best 
tea  a  good  deal  of  stalk  and  some  remains  of  the  flower.  In  old  tea  much  of 
the  setherial  oil  evaporates,  and  the  aroma  is  less  marked. 

The  infusion  should  be  fragrant  to  smell,  not  harsh  and  bitter  to  taste,  and 
not  too  daik.  The  buyers  of  tea  seem  especially  to  depend  On  the  smell  and 
taste  of  the  infusion. 

Structure  of  the  Tea  Leaf — ^The  border  is  serrated  nearly,  but  not  quite  to 
the  stalk  ;  the  primary  veins  run  out  from  the  midrib  nearly  to  the  border, 
and  then  turn  in,  so  that  a  distinct  space  is  left  between  them  and  the  border. 
The  leaf  may  vary  in  point  of  size  and  shape,  being  sometimes  broader,  and 
sometimes  long  and  narrow.  The  appearance  under  the  microscope  of  the 
upper  and  under  surfaces  is  seen  in  the  drawing.  The  border  and  the  primary 
venation  distinguish  it  from  all  leaves.§  The  leaves  which  it  is  said  have  been 
mixed  with  or  substituted  for  tea  in  this  country  are  the  willow,  sloe,  oak, 
Yalonia  oak,  plane,  beech,  ebn,  poplar,  hawthorn,  and  chestnut ;  and  in 
China,  Chloranthus  inconspicuus  and  Camellia  Saaanqua  are  said  to  be  used. 

*  The  brick  tea  of  the  Tartars  donsists  of  old  tea  leitves,  mixed  n^ith  the  leaves  and  stems 
of  Rhamnus  theizant,  Bhododendron,  Chrysanthemum,  RMa  canma,  and  other  plants,  mixed 
with  ox's  or  sheep's  blood.    It  is  much  used  to  purify  water. 

t  Phil.  Transactions,  1859. 

X  The  evidence  with  respect  to  the  mine  is  very  contradictory  ;  bnt,  on  the  whole,  the  action 
seems  to  be  inconsiderable.  Dr  Edward  Smith  oonsidersF  that,  **  tea  promotes  all  vital  actions, 
and  increases  the  action  of  the  skin."  It  is,  perhaps,  impossible  at  present  to  express  its  action 
in  so  succinct  a  form. 

§  The  structure  of  the  serrature  is  rather  peculiar,  showing  an  apparently  abortive  leaf- 
bud  just  within  the  point  This  organ  can  be  seen  distinctly  with  an  ordinary  pocket  lens, 
and  consists  of  a  cyundrieal  basal  portion  and  a  more  or  less  cone^haped  apical  part.  From 
the  reticulated  body  of  the  venation,  a  distinct  little  funiculus  may  be  tracea  into  each  of  the 
minute  bud-like  bodies  which  are  situated  just  withm  the  tip  of  the  serrature.  This  latter 
particular  is  of  importance,  for,  aa  might  be  expected,  somewhat  siftiilar  appendages  may  be 
found  in  other  serrated  leaves,  but  in  all  cases  hitherto  examined  by  us,  they  occur  at  instead 
of  within  the  point  of  the  serratures.  No  notice  appears  to  have  been  taken  of  this  fact  by 
structural  botanists ;  but  Dr  Macdonald,  who  first  called  attention  to  it,  refers  the  bodies 
themselves  to  the  category  of  mai^al  buds.    (F.  de  C.) 
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tDf  these  the  willow  and  the  doe  are  the  only  leaves  which  at  all  resemble  tea 
leaves.  The  willow  is  more  in^pilatly,  and  the  sloe  b  much  less  perfectly 
and  niufonuly  seriated. 

To  examine  the  leaves,  make  an  infusion,  and  then  spread  out  a  number  of 
leaves  ;  if  a  leaf  be  placed  on  a  glass  slide,  and  covered  with  a  thin  glass,  and 
then  held  up  to  the  light,  the  border  and  venation  can  usually  be  well  seen. 

The  leaves  of  the  Valonia,  if  used,  are  at  once  detected  by  acicular  crystals 
being  found  under  the  microscope. 

Sometimes  exhausted  tea  leaves  are  mixed  with  catechu  or  with  a  coarse 

powder  of  a  reddish-brown  colour,  consisting  chiefly  of  powdered  catechu,  and 

Upper  Snrface.  Uader  SuTface. 


Kg.  OS.— Dried  BUek  Tea  Leaf. 

called  "  La  Teno  Beno."  Gum  and  starch  are  added,  the  leaves  being 
steeped  in  a  strong  solution  of  gum,  which,  in  drying,  contracts  them.  The 
want  of  aroma,  and  the  collection  at  the  bottom  of  the  infusion  of  powdered 
catechu,  or  the  detection  of  particles  of  catechu,  will  at  once  indicate  this 
falsification,  which  is,  however,  very  uncommon.  Sand  and  magnetic  oxide 
of  iron  are  added  by  the  Chinese.  At  first  the  latter  was  mistaken  for  iron 
filings,  and  when  it  was  proved  to  be  really  magnetic  oxide  it  was  suggested 
that  it  came  accidentally  from  the  soil  where  the  tea  was  cultivated.  Hassall, 
however,  gives  good  reasons  for  its  being  a  wilful  addition.* 

*  I  have  found  minat«  qaintitiH  in  two  instance*  in  tea  mpplied  to  Netl«;  Hospital ;  in 
ODe  the  ash  was  6-054  per  cent.;  in  the  other,  fl-220.  Hassall  states  that  he  has  never  found 
it  except  in  tea  that  has  been  nndonbtedly  adulterated  and  yielded  a  very  mucli  greater 
UDOuntofaah.    (F.  de  C.) 
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Exhraetian  of  Thein, 

Occaaiaiially  it  may  be  desired  to  detennine  the  quantity  of  thein.  Take 
10  grammes  of  tea^  exhaust  with  boiling  water,  and  add  solution  of  subacetate 
of  lead  ;  filter  ;  pass  hydrosolphuiic  acid,  to  get  hd  of  excess  of  lead ;  filter  ; 
evaporate  to  aniall  bulk,  and  add  a  little  ammonia ;  add  more  water,  decolorise 
with  animal  charcoal,  and  evaporate  slowly  to  small  bulk.  White  feathery 
crystals  of  thein  form,  which  should  be  collected  on  filtering  paper,  dried  at  a 
very  low  heat,  and  weighed. 

Determination  of  Tannin, 

Make  an  infusion,  and  add  solution  of  gelatine ;  collect  precipitate,  dry  and 
weigh — 100  partes: 40  of  tannin  (Marcet). 

ExaminaHon  of  Tea, 

Judge  of  the  aroma  of  the  dry  tea  and  infusion ;  taste  infusion ;  spread  out 
leaves  and  see  their  characters  ;  collect  anything  like  mineral  powder,  and 
examine  under  microscope.  The  microscope  will  also  show  if  the  tea  has  de- 
teriorated by  keeping  ;  sometimes  acari,  fungi,  and  bacteria  may  be  found. 

To  make  the  infusion,  take  10  grammes  of  tea  and  infuse  in  500  C.C.  of 
boiling  distilled  or  rain  water.*  Let  it  stand  five  or  six  minutes  before  smell- 
ing and  tasting  it  Exhaust  the  leaves  by  boiling  with  successive  portions  of 
water,  until  no  colour  is  given  up  to  the  water.  Measure  the  total  amount  of 
the  infusion ;  take  100  C.C.  and  dry  it  in  a  water-bathf  and  weigh.  Calculate 
out  the  percentge. 

Example. — ^e  total  quantity  of  the  infusion  from  10  grammes  of  tea  was 

1890  C.C.:   100  C.C.   taken   and  dried  yielded   0*21   of  extract;    then 

1890 

y-— - X 0*21 » 3'969    of    extract    in    10    grammes;    this    multiplied    by 

10  =  39-69  per  cent 

The  exhausted  leaves  may  also  be  dried  and  weighed,  the  loss  representing 
the  amount  of  extract^  which  ought  to  correspond  with  the  amount  obtained 
directly. 

The  ash  should  also  be  determined ;  5  or  10  grammes  are  to  be  incinerated ; 
the  ash  is  generally  grey,  sometimes  slightly  greenish.  Any  excess  above  6 
per  cent  is  suspicious ;  if  above  8  per  cent  on  the  perfectly  dry  teoy  adultera- 
tion is  certain.  About  one-half  of  the  ash  is  soluble  in  water ;  the  solution  is 
often  (but  not  always)  pink,  from  the  presence  of  manganese.  The  amount 
and  character  of  the  ash  form  good  means  of  detecting  the  use  of  exhausted 
leaves. 

The  acidity  of  the  infusion,  and  the  amount  of  tannin  and  thein  may  also 
be  determined ;  as  also  the  chlorine,  alkalinity,  and  iron  of  the  ash.  The 
best  tests  of  the  quality  of  the  tea  are  the  aroma  and  the  physical  characteis. 

Sub-Section  IIL — Cocoa. 

Composition, — Although  the  theobromin  of  cocoa  is  now  known  to  be 
identical  with  thein  and  caffein,  the  composition  of  cocoa  removes  it  widely 
from  tea  and  coffee.     The  quantity  of  iaX  is  laige ;  it  varies  even  in  the  same 

*  The  dealers  nmuilly  take  as  muoh  tea  as  k  equal  in  iveight  to  a  new  sizpenee  for  the  infti- 
non.  This  is  equal  to  about  8  grammes ;  it  is  dissolred  in  a  cupful  of  water,  about  5  oimoss 
or  140  C.C. 

t  Mr  Wanklyn  Buggests  a  simple  form  of  water-bath ;  an  ordinair  tin  oil-can  about  three- 
parts  full  of  water ;  this  is  boiled  over  a  lamp,  and  the  dish  with  infusion  to  be  dried  held 
over  the  narrow  month  in  the  ring  of  a  retort  stand.  The  drying  is  soon  completed  in  the 
steam. 
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sort  of  cocoa,  but  ia  usually  from  45  to  49  per  cent ;  *  the  theobiomiti  b  1  -3 
to  1*5  per  cent ;  the  protein  eubstances  13  to  18  per  cent  The  ash  cont^ns 
a  lai^  quantity  of  phosphate  of  potash. 

As  an  Article  of  Did.— The  large  quantity  of  fat  and  albuminoid  substance 
makes  it  a  very  nourishing  article  of  diet ;  and  it  is  therefore  useful  in  Teak 
states  of  the  system,  and  for  haalthy  men  under  circumstances  of  great 
exertion.  It  has  been  even  compared  to  mitt.  In  South  America  cocoa  and 
maize  cakes  are  used  by  traTellers ;  and  the  large  amount  of  agreeable  nourish- 
ment in  small  bidk  enables  several  daya'  supplies  to  be  easily  carried 
(Humboldt). 

By  roasting,  the  starch  is  changed  into  dextrin ;  the  amount  of  margaric 
acid  increases,  and  on  empyreumatio  aromatic  substance  is  formed. 

The  changes  depend  on  the  amount  of  roasting ;   the  lighter-coloured  nuts 


Pig.  fl9.— Cocos,  Outer  Ont  x  ISO. 
contain  more  unchanged  fat,  and  less  aroma ;  the  strongly  toasted  and  dark 
cocoas  have  more  aroma  and  bitterness. 

Chmceatid  AduUerationa. — In  commerce,  cereal  grains,  starches,  arrowroot, 
sa^,  or  potato  starch  and  sugar,  are  very  commonly  mixed  with  cocoa ;  and 
some  of  the  so-called  homceopathic  cocoas  are  rightly  named,  for  the  amount 
of  cocoa  is  very  emalL  Brick-dust  and  peroxide  of  iron  are  sometiiaes  used 
(Sormandy),!     The  structure  of  the  cocoa  is  very  marked. 

The  statch-grains  of  cocoa  are  small,  and  embedded  usually  in  the  cells. 

*  Tha  Bodetjr  of  PnbLc  Analysts  have  adopted  20  per  cent  of  Cocoa  batter  at  the  minimum 
admissible. 

■f  Haaeall  examined  G4  aumplei;  S  vere  gpnnine,  43  contained  BiigiLr,  and  16  starch ;  39  out 
of  88  samples  oontained  <«rtby  colouriug  nutter,  ai  raddle,  Venetlaii  red,  and  umber  (On 
Adalteiation,  p.  IWj. 
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The  presence  of  starch-giaina  of  cereala,  arrowroot,  eago,  or  other  kinds  of 
starc)^  is  at  once  detected  hj   the   microscope    (aes  figures   ariie  of  tiicse 


Fig.  70.-C«:o>,  UDder  Puts,  Middle  Coat  x  190. 

starches).  Sugar  can  be  detected  bj  the  taste,  and  hj  solution.  Mineral 
subatances  are  best  detected  by  incineration,  digesting  iu  an  acid,  and  testing 
for  iron,  lead,  &c. 

SECTION  IIL 
CONDIMENTS. 

SoB^SbOTION  I. — ^VlNBOAR. 

As  an  Article  of  Diet. — Eobert  Jackeon  was  of  opinion  that  the  use  of 
vinegar  was  too  restricted  in  the  army.  This  opinion  he  appears  to  have 
formed  from  considering  the  great  use  of  vinegar  made  by  the  Komans. 
Whatever  may  have  been  the  source  of  the  opinion,  there  is  no  doubt  of  its 
correctness.  Acetic  acid  plays  that  double  part  in  the  body  which  seems  so 
important,  of  first  an  acid  of  a  neutral  ealt,  and  then,  in  the  form  of  carbonic 
acid,  aa  the  acid  of  an  alkaline  salt.  But  this  valuable  dietetic  quality  is 
partly  counter-balanced  in  English  vinegar  by  the  unfortunate  ciFcumatfuioe 
that  sulphuric  acid  (mVuth  part  in  weight)  is  allowed  to  be  added  to  vinegar, 
and  thus  a  strong  acid  is  taken  into  the  body,  which  is  not  only  not  useful  in 
nutrition,  but  which  is  hurtful,  from  the  tendency  to  form  insoluble  salts  of 
lime.     As  the  addition  of  sulphuric  acid  is  not  necessary,*  and,  indeed,  is  not 

*  Theab»snce  of  AnguUlida  AneU  hu  been  by  gome  ■ttiibat«d  to  the  iim  of  anlphiiric 
' '     '^'  "      iry,  article  Anffuillula,    In  a  sample  I  eiainiaed,  which 
u  only  a  trace  of  aulpboric  acid.    (F.  de  C.) 
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permitted  on  the  Continent,  it  is  to  be  hoped  the  legislature  will  soon  alter 
a  system  which  has  the  effect  only  of  injuring  an  important  article  of  diet. 
The  amount  of  vinegar  which  may  be  used  may  be  from  one  to  several  ounces. 
On  marches,  the  Bomans  mixed  it  with  water  as  a  beverage, 

ExammatUm  of  Vinegar, — Several  kinds  of  vinegar  are  in  the  market, 
known  by  the  Nos.  16,  18,  20,  22,  24.  Nos.  22  and  24  are  the  best,  and 
contain  about  5  per  cent  of  pure  acetic  acid.  The  weakest  kinds  contain  less 
than  3  per  cent.  The  Society  of  Public  Analysts  have  adopted  3  per  cent,  as 
the  minimum  admissible. 

Quality' — 1.  Take  specific  gravity;  of  the  best,  =  1022  ;  of  the  worsts  = 
1015.     If  below  this,  water  Has  been  added. 

2.  Determine  acidity  of  10  CO.  with  the  alkaline  solution  (see  Beer).  It 
is  generally  best  to  dilute  the  vinegar  ten  times  with  distilled  water,  and  to 
take  10  C.C.  of  the  diluted  vinegar.  Multiply  the  C.C.  of  alkaline  solution 
used  by  0*6,  the  result  is  acetic  acid  per  cent. 

Eocample, — 10  C.C.  of  diluted  vinegar  took  8  C.C.  of  alkaline  solution  :  8 
0'6  =  4'8  per  cent,  of  acetic  acid. 

The  acidity  of  English  vinegar  is  chiefly  caused  by  acetic  and  sulphuric 
acids,  but  it  is  usually  calculated  at  once  as  glacial  acetic  acid.  If  it  falls 
below  3  per  cent.,*  water  has  probably  been  added.  (The  lowest  noted  by 
Hassall  in  33  samples  was  2 '29.) 

If  the  specific  gravity  be  low,  and  the  acidity  high,  excess  of  sulphuric  acid 
may  have  been  added. 

If  the  alkaline  solution  cannot  be  prepared,  the  acidity  must  be  determined 
with  dried  or  crystallised  sodium  carbonate.  Weigh  10  grammes  of  dried 
sodium  carbonate,  and  add  portions  carefully  to  a  weighed  quantity  of  vinegar 
(10  grammes),  till  it  is  neutralised ;  then  weigh  the  remaining  sodium  carbo- 
nate, and  calculate  according  to  the  atomic  weights  (53  :  60  =  a;  a;),  or  multiply 
the  quantity  used  by  1*132  ;  the  result  is  the  amount  of  glacial  acetic  acid  in 
the  quantity  of  vinegar  experimented  upon. 

In  adding  sodium  carbonate  to  vnne  vinegar,  the  colour  becomes  dark  and 
inky.  Ammonia  also  gives  a  purphsh  precipitate  in  wine,  but  not  in  malt 
vinegar. 

3.  If  excess  of  sulphuric  acid  be  suspected,  it  must  be  determined  by 
baryta;  this  requires  care,  as  sulphates  may  be  introduced  in  the  water. 
Hydrochloric  acid  and  barium  chloride  are  added ;  the  sulphate  of  barium 
collected,  dried,  weighed,  and  multiplied  by  *34305. 

AdiUterations. — Water  ;  sulphuric  acid  in  excess  (see  ante);f  hydrochloric 
acid  (uncommon) ;  or  common  salt  (detected  by  nitrate  of  silver  and  dilute 
nitric  acid) ;  pyroHgneous  acid  (distil  and  re-distil  the  distillate,  the  residue 
will  have  the  smeU  of  pyroligneous  acid) ;  lead ;  copper  from  vessels  (evaporate 
to  dryness,  incinerate,  dissolve  in  weak  nitric  acid,  divide  into  two  parts,  pass 
SHg  through  one,  and  test  for  copper  in  the  other  by  ammonia,  or  by  a  piece 
of  iron  wire) ;  corrosive  sublimate  (pass  SHg  through,  collect  precipitate)  ; 
capsicum,  pellitory,  or  other  pungent  substances  (evaporate  nearly  to  dryness, 
and  dissolve  in  boiling  alcohol,  evaporate  to  syrup,  taste  ;  burnt  sugar  gives  a 
bitter  taste  and  a  dark  colour  to  the  syrup). 

The  presence  of  copper  in  the  vinegar  used  for  pickles  may  be  easily 
detected  by  simply  ioserting  the  bright  blade  of  a  steel  knife. 


*  Hassall,  says  8*5  per  cent. 

+  The  presenoe  of  sulphuric  acid  may  be  detected  qualitatively,  by  adding  a  few  drops  of  the 
inegar  to  a  piece  of  cane  sugar,  and  evaporating  on  the  water-bath.    The  solution  becomes 
black  in  proportion  to  the  mineral  acid  present.    (Hassall). 
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Sub-Sbction  IL — Mustard. 

Good  mustard  is  known  by  the  sliarp  acrid  smell  and  taste.      It  is 

adulterated  with  turmeric  (detected  bjr  microscope  and  liquor  potassse),  wheat 

or  barley  starch  (detected  by  microacope  and  iodine),  and  linseed  (detected 


lUciUge  ct 


Fig,  72,— WbiteMnataniSeed.-l.  Outer  « 
.  Small  uigular  cells  ;  4.  Lug«  cellj  uid  ver; 
bw  minute  ail  globulta. 
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by  microscope).  Many  eampleB  of  moBtaid  are  still  mixed  with  tnnnwic  aad 
starch  of  some  kind,  but  this  has  very  much  lessened  since  the  passing  of  the 
Adulteration  Act.  Clay  and  plaster  of  Paris  aie  sometimes  added,  and  cayenne 
is  added  to  bring  up  the  sharpness,  if  much,  flour  is  used. 


Fig.  73. -White  Mnrtaid  Seed, -Centnlpirt,  x  205. 

The  microscopic  chatacters  of  mustard  are  well  marked.  The  outer  coat  of 
the  white  mustard  consists  of  a  stratum  of  hexagonal  cells,  perforated  in  the 
centre,  and  other  cells  which  occupy  the  centre  portion  of  the  hexagonal  cells, 


ng.  71.— Seution  of  BUck  Pepper  Barr;  (cmi^al  poition). 

and  escape  through  the  opening  when  ewoUen  from  imbibition  of  water ;  these 
cells  are  beheved  to  contain  the  mucilage  which  b  obtained  when  mustard  is 
placed  in  watei.     There  are  two  internal  coats  made  up  of  small  angular  cells ; 
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the  structure  of  the  seed  cousLats  of  numerous,  cells  containing  oil,  but  no 
starch.  The  black  muBtard  has  the  same  characters,  without  the  inf  undibuli- 
form  cells. 

StTB-SBOTiOM  IIL — ^Pepper. 

Pepper  is  adulterated  with  linseed,  mustard  husks,  wheat  and  pea-flour, 
rape  cake,  and  ground  rice.  The  microscope  at  once  detects  these  adultera- 
tions. 

The  microscopic  eharact«rs  of  pepper  are  rather  complicated ;  there  is  a 
husk  composed  of  four  or  five  layers  of  cells  and  a  central  part.  The  cortex 
has  externally  elongated  cells,  placed  vertically,  and  provided  with  a  central 


Fig.  75.— Tranaverse  Section  of  Black  Pepper  Barj. 

cavity,  from  which  lines  radiate  towards  the  circumference  ;  then  come  some 
strata  of  angular  cells,  which,  towards  the  interior,  are  larger,  and  filled  with 
oiL  The  third  layer  is  composed  of  woody  fibre  and  spiral  c^ls.  The  fourth 
layer  is  made  up  of  Urge  cells,  which  towards  the  interior  become  smaller 
and  of  a  deep  red  colour ;  they  contun  most  of  the  essential  oU  of  the  pepper. 
The  central  part  of  the  herry  is  composed  of  large  angular  cells,  about  twice 
as  long  as  broad.  Steeped  in  water,  some  of  these  cells  become  yellow, 
others  remain  colourless.  It  has  been  supposed  that  the  yellow  cells  contain 
piperine  as  they  give  the  same  reactions  as  piperine  does ;  die  tint,  namely,  is 
deepened  by  alcohol  and  nitric  acid,  and  sulphuric  acid  applied  to  a  dry  section 
causes  a  reddish  hue  {Hassall). 
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White  pepper  is  the  central  part  of  the  seed,  but  some  small  particles  of 
cortex  are  usually  mixed  with  it.  It  is  composed  of  cells  containing  very 
small  starch-graina  Hassall  says  that  the  central  white  cells  are  so  hard  they 
may  be  mistaken  for  particles  of  sand.  A  little  care  would  avoid  this.  The 
starch-grains  are  easily  detected,  however  small,  by  iodine. 

Pepper  dust  is  merely  the  sweepings  of  the  warehouses. «  Bape  or  linseed 
cake,  cayenne  and  mustard  husks,  are  mixed  with  pepper  dust,  and  it  is  then 
sold  as  pepper. 

Sub-Section  IV. — Salt. 

The  goodness  of  salt  is  known  by  its  whiteness,  fine  crystalline  character, 
dryness,  complete  and  clear  solution  in  water.  The  coarser  kinds,  containing 
often  chloride  of  magnesium,  and  perhaps  lime  salts,  are  darker  coloured,  more 
or  less  deliquescent,  and  either  not  thoroughly  crystallised  or  in  too  large 
crystals. 

SECTION  IV. 

LEMON  AND  LIME  JUICE. 

These  juices  contain  free  acids  in  large  quantities,  chiefly  citric,  and  a  little 
malic  acid,  sugar,  vegetable  albumen,  and  mucus. 

The  expressed  juice  of  the  ripe  fruit  of  the  Citrus  Ldmonum,  as  ordered  by 
the  British  Pharmacopoeia,  is  said  to  have  a  specific  gravity  of  1*039,  and  to 
contain  on  an  average  32*5  grains  of  citric  acid  in  one  fluid  ounce.*  The 
fresh  juice  of  the  lime  {Citrus  Limetta,  or  Citrus  acida)  has  a  rather  less 
specific  gravity  (1*037),  and  contains  less  acid  (32*22  grains  per  ounce),  t 

The  late  very  important  Merchant  Shipping  Act,  J  which  regulates  the  issue 
of  lemon  juice  on  board  merchant  vessels,  does  not  define  the  strength ;  but  it 
has  been  stated  by  Mr  Stoddart§  that  the  Board  of  Trade  standard  is  a  specific 
gravity  of  1030  without  spirit,  and  30  grains  of  citric  acid  per  ounce.  It 
occasionally  is  as  high  as  1050. 

As  found  in  commerce,  for  merchant  shipping,  or  used  in  the  Eoyal  Navy, 
the  lime  or  lemon  juice  is  chiefly  prepared  in  Sicily  or  the  "West  Indies  ;  it  is 
mixed  with  spirit  (usually  brandy  or  whisky,  which  gives  it  a  slightly 
greenish-yeUow  hue),  and  olive  oil  is  poured  on  the  top. 

Sugar  is  added  to  it  when  issued,  to  make  it  more  agreeable  to  taste,  in  the 
proportion  of  half  its  weight  Lemon  juice  is  usually  issued  in  bottles  con- 
taining three  to  four  pints,  not  quite  filled,  and  is  covered  with  a  layer  of 
olive  oiL  About  1  ounce  of  brandy  is  added  to  each  10  ounces  of  juice. 
Sometimes  the  juice  is  boiled,  and  no  brandy  is  added  j  the  former  kind  keeps 
best  (Armstrong).  Both  are  equal  in  anti-scorbutic  power  (Armstrong).  Grood 
lemon  juice  will  keep  for  some  years,  at  least  three  years  (Armstrong)  ;  bad 
juice  soon  becomes  turbid,  and  then  stringy  and  muoilagiuous,  and  the  citric 
and  malic  acids  decompose,  glucose  and  carbonic  acid  being  formed.  Some 
turbidity  and  precipitate  do  not,  however,  destroy  its  powers. 

As  found  in  the  market,  it  is  frequently  mixed  with  water,  and  sometimes 

*  Mr  Stoddart  (Pharro.  Jour.  Oct.  1868)  points  oat  that  the  specific  gravity  is  too  high  for 
the  quantity  of  add  stated ;  there  may,  however,  he  other  ingredients.  He  gives  himself  the 
specific  gravity  as  1*040  to  1*045,  and  the  citric  acid  as  39  to  46  grains  per  onnoe  (citric  acid 
OfiHgO^).  Mr  Stoddart  mentioned  that  when  lemons  are  kept  the  citric  acid  decomposes,  and 
glucose  and  carbonic  acid  arises.    But  yet  citric  acid  is  made  from  damaged  fruit. 

f  Stoddart,  op.  cit  p.  205. 

i  The  Merchant  Shipping  Act,  1867.  Mr  Harry  Leach,  who  supsrinteids  thepart  of  the  Act 
relating  to  lemon  juice,  nas  arranged  a  very  good  scheme  of  ezaminlition,  which  is  being  carried 
out  by  nimself  and  by  inspectors  at  the  various  ports. 

g  Pharm.  Jour.  Oct  1868,  p.  204. 
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with  other  acids.  In  20  samples  examined  in  1868  by  Mr  Stoddart  7  were 
genuine,  5  were  watered,  and  8  were  artificial;  tartaric  acid  being  present  in 
one,  and  sulphuric  acid  in  another  sample. 

I  have  examined  two  good  specimens  of  the  Eoyal  N'avy  lemon  juice  from 
Sicily,  with  the  following  results  : — ^When  evaporated  carefully  down,  after 
separation  of  the  oil,  it  formed  a  brownish  fragrant  mass,  which  was  dried 
with  some  difficulty,  but  was  afterwards  completely  soluble  in  water.  (If  the 
operation  is  carried  too  far  the  extract  decomposes,  and  then  forms,  according 
to  Mr  Stoddart,  acetone,  carbonic  acid,  and  carbonic  oxide  and  pyrocitric  acid. ) 
The  look  and  smell  of  this  extract  were  very  characteristic  of  true  lemon  juice. 
The  amount  in  my  two  samples  was  7*186  and  7*1828  per  cent  (Mr 
Stoddart's  experiments  give  a  rather  less  amount,  viz.,  6 '17).  When  inciner- 
ated an  alkcdine  whitish-grey  ash  was  left ;  and  if  the  alkalinity  was 
neutralised  by  a  standard  acid,  it  corresponded  to  '15  grains  of  citric  acid  per 
cent.  The  ash  was  '52  and  '53  per  cent,  respectively,  and  of  this  '38  were 
soluble  salts ;  the  potash  was  '12  per  cent.,  or  just  ^  grain  per  ounce,  and  the 
phosphoric  acid  was  '008  per  cent,  or  '035  grains  per  ounce.*  The  total 
acidity  (  =  citric  acid  C^jHgOy)  was  4 '61  and  5*36  per  cent.,  or  on  an  average 
nearly  22  grains  of  citric  acid  (C^HgO^)  per  ounce,  f 

This  was  below  the  Board  of  Trade's  standard.  The  alcohol  was  5  per 
cent.,  corresponding  to  10  per  cent  of  brandy  added. 

In  the  examination  the  points  which  seem  to  me  of  consequence,  in  addition 
to  the  detemunation  of  the  free  acidity,  are  the  fragrancy  of  the  extract  and 
the  alkalinity  of  the  ash,  proving  the  existence  of  some  alkaline  citrate.  The 
latter  could,  however,  be  imitated,  but  the  fragr^cy  cannot  be  so. 

Examination  of  Lemon  Juice, 

1.  Pour  into  a  glass,  and  mark  physical  characters ;  turbidity,  precipitate, 
stringiness,  &c.  The  taste  should  be  pleasant,  acid,  but  not  bitter.  Add  lime 
water,  and  boil ;  if  free  citric  acid  is  present,  a  large  precipitate  of  calcium 
citrate  is  formed,  which  redissolves  as  the  solution  cools.  Evaporate  very 
carefully  to  extract,  to  test  the  fragrancy,  &c. 

2.  Take  the  specific  gravity,  remembering  that  spirit  is  present ;  then,  if 
necessary,  evaporate  to  one-half  to  drive  off  alcohol,  dilute  to  former  amount, 
and  take  specific  gravity  at  60°  Fahr. 

3.  Determine  acidity  by  alkaline  solution  as  given  at  page  279.  Express 
the  acidity  as  citric  acid  (C^HgO^) ;  1  C.C.  of  the  alkaline  solution  =  '0064  of 
citric  acid.  As  the  acidity  is  considerable,  the  best  way  is  to  take  10  C.C.  of 
the  juice,  add  90  C.C.  of  water,  and  take  10  C.C.  of  the  dilute  fluid,  which 


per 


♦  The  quantity  of  potash  agrees  closely  with  Mr  Stoddart's  statement,  who  found  '8  grains 
^  ounce.  Witf  6  analyses  give  from  '2  to  *5  oer  cent,  of  ash,  of  which  44*8  per  cent,  was 
potash,  so  that  if  the  ash  was  '5,  the  potash  would  be  '21  per  cent,  or  -9  grains  in  1  ounce.  It 
is,  therefore,  certain  that  the  utility  of  lemon  juice  is  not  connected  with  the  potash.  So  also 
if  my  analyses  are  right  for  all  samples,  the  opinion  that  the  phosphoric  acid  is  of  consequence 
must  be  given  up,  as  it  is  in  such  very  small  amount.  Witt  found  the  phosphoric  anhydride 
rather  more,  vIe.  ,  *015  to  "OSS  per  cent. 

Mr  M.  F.  Anderson  (of  Coventry)  suggests  that  the  value  of  citric  acid  (or  lime  juice)  is  as 
a  means  of  rendering  the  phosphates  of  the  food  soluble  and  consequently  assimilable ;  were 
this  so»  the  mineral  acids  ougnt  to  be  at  least  partially  antiscorbutic,  of  which  there'  is  no 
evidence.     (F.  de  C.) 

+  The  lime-juice  used  in  the  Arctic  Expedition,  1875-76,  gave  on  analysis  27  grains  of  citric 
per  ounce  as  issued,  that  is,  after  being  fortified  with  about  15  per  cent,  of  proof  spirit.  Before 
fortifying  it  contained  32  grains.  (See  analyses  by  Professor  Attfield  and  Mr  Bell,  Report  of 
Committee  on  Scurvy,  Dages  xliii.  and  li.^.  Samples  analysed  at  Netley  showed  a  specific  graWty 
of  1023  as  issued,  and  1035  7  after  drivmg  oflf  the  alcohol ;  the  extract  was  about  8 A  per  cent 
The  unfortified  juice  froze  at  25**  F.,  the  fortified  remained  liquid  down  to  15*  F.  Prolonged 
freesing  at  a  temperature  of  nearly  Or  F.  produced  no  change  in  the  character  or  amount  of  the 
constituents. 
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will  give  the  acidity  of  1  C.C.  of  the  imdiluted  juice.  If  the  number  of  C.C. 
used  for  the  diluted  juice  is  multiplied  by  2*8  it  gives  the  acidity  in  grains  per 
ounce. 

4.  Test  for  adulteration,  viz. — 

(a)  Tartaric  Add, — ^Dilute  and  filter,  if  the  lime  juice  be  turbid  ;  add  a 
little  solution  of  acetate  of  potash ;  stir  well,  without  touching  the  sides  of  the 
glass,  and  leave  for  twenty-four  hours ;  if  tartaric  acid  be  present  the  bitartrate 
of  potash  will  f alL 

(6)  Sulphuric  Add, — ^Add  barium  chloride  after  filtration,  if  necessary ;  if 
any  precipitate  falls,  add  a  little  water  and  a  few  drops  of  dilute  hydrochloric 
acid  to  dissolve  the  barium  citrate,  which  sometimes  causes  a  turbidity. 

(c)  HydrocMoric  Add, — ^Test  with  silver  nitrate  and  a  few  drops  of  dilute 
nitric  acid. 

{d)  Nitric  Add, — This  is  an  uncommon  adulteration  ;  the  iron  or  brucine 
test  can  be  used,  as  in  the  case  of  water. 

FacHUous  Lemon  Juice. 

It  is  not  easy  to  distinguish  weU-made  factitious  lemon  juice  ;  about  552 
grains  of  crystallised  citric  acid  are  dissolved  in  a  wine  pint  of  water,  which  is 
flavoured  with  essence  of  lemon  dissolved  in  spirits.  This  corresponds 
to  about  19  or  20  grains  of  dry  citric  acid  per  ounce.  The  flavour  is  not,  how- 
ever, like  that  of  the  real  juice,  and  the  taste  is  sharper.  Evaporation  detects 
the  falsification. 

Use  of  Lemon  Juice. 

In  military  transports,  the  daily  issue  of  one  ounce  of  lemon  juice  per  head 
is  commenced  when  the  troops  have  been  ten  days  at  sea,  and  by  the 
Merchant  Shipping  Act  (1867)  the  same  rule  is  ordered,  except  when  the  ship 
is  in  harbour,  and  fresh  vegetables  can  be  procured.     It  is  mixed  with  sugar.* 

If  dried  vegetables  can  be  procured,  hsdf  the  amount  of  juice  wiU  perhaps 
do. 

In  campaigns,  when  vegetables  are  deficient^  the  same  rules  should  be 
enforced.  On  many  foreign  stations,  where  dysentery  takes  a  scorbutic  type 
(as  formerly  in  Jamaica,  and  even  of  late  years  in  China),  lemon  juice  shotdd 
be  regularly  issued. 

Substitutes  for  Lemon  Juice, 

Citric  acid  is  the  best,  or  citrate  of  potash ;  then  perhaps  vinegar,  though 
this  is  inferior,  and  lowest  of  all  is  nitrate  of  potasLf     The  tartrates,  lactates, 

*  My  friend,  Mr  Harry  Leach,  has  kindly  given  me  the  following  memorandnm  on  the  action 
of  the  Merchant  Shipping  Act : — This  Act  (commonly  called  the  Duke  of  Richmond's  Act) 
makes  special  provisions  for  the  quantity  and  quality  of  lime  juice  and  lemon  juice  supplied  to 
the  mercantile  marine,  for  the  use  of  the  crews  of  ships  at  sea.  One  ounce  is  furnished  each 
day  to  every  member  of  the  crew  after  the  ship  has  been  at  sea  ten  days,  and  directions  are 
given  in  the  authorised  Ship  Captain's  Medical  Guide  that  it  is  to  be  mixed  with  sugar  and 
water  before  serving  out,  in  the  proportion  of  an  ounce  of  juice  to  an  ounce  of  sugar  and  about 
h^f  a  pint  of  water,  which  mixture  is  to  be  handed  over  to  the  crew  every  day  between  twelve 
and  one  o'clock^  i.e.,  at  the  ordinary  dinner  hour.  Since  this  Act  came  into  operation,  it  is 
ascertained,  by  the  statistics  of  the  Seamen's  Hospital,  that  scurvy  has  diminished  by  more  than 
70  Tger  cent,  in  the  merchant  ships  of  this  country,  and  that  hence,  even  in  the  Seamen's 
Hospital,  severe  cases  of  this  disease  are  comparatively  rare.  The  juice  is  examined,  in  the 
first  instance,  at  the  laboratory  of  the  Inland  Revenue  as  to  specific  gravity,  amount  of  citric 
acid,  and  extractive  matter,  as  well  as  absence  of  sulphuric  or  other  cheap  acids.  It  is  then 
mixed  in  bond,  under  the  direction  of  customs'  officers,  with  10  per  cent,  of  rum,  brandy,  gin, 
whisky,  or  Hollands,  and  kept  in  bond  until  required  for  shipment. 

+  On  this  point  see  Bryson's  paper  in  the  Medical  Times  and  Gksette,  1850.  I  may  also 
refer  to  a  review  on  scurvy,  which  I  contributed  to  the  British  and  Foreign  Medical  Chiriir- 
gical  Review,"  in  October  1848,  for  evidence  on  the  point. 
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and  acetates  of  the  alkalies  may  all  be-  used,  but  I  am  not  awaie  of  any  good 
experiments  on  their  relative  anti-scorbutic  powers.  If  milk  is  procurable,  it 
may  be  allowed  to  become  acid,  and  the  acid  then  neutralised  with  an  alkali. 
The  fresh  juices  of  many  plants,  especially  species  of  cacti,  can  be  used,  the 
plant  being  crushed  and  steeped  in  water ;  apd  in  case  neither  vegetables, 
lemon  juice,  nor  any  of  the  substitutes  can  be  procured,  we  ought  not  to  omit 
the  trial  of  such  plants  of  thjU  kind  a^  mi^y  bp  Qbtain^blp, 


CHAPTER   VIII. 
SOILS. 

TOPOGRAPHICAL  REPORTS  AND   CHOICE  OF  SITES. 

Thb  term  soil  is  nsed  heie  in  a  large  sense,  to  express  all  the  portion  of  the 
crust  of  the  earth  which  hy  any  property  or  condition  can  affect  health.  The 
subdivision  into  surface  soil  and  subsoil  is  often  very  useful ;  and  these  terms 
need  no  definition. 

SECTION  L 

CONDITION  OF  SOIL  AFFECTING  HEALTH. 

Soil  consists  of  mineral,  vegetable,  and  often  animal  substances,  in  the 
interstices  of  which  are  also  air  and  often  water. 

In  reviewing  the  conditions  which  affect  health  it  will  be  convenient  to 
commence  with  the  air  and  the  water  in  soils. 

Sub-Sbotion  L — The  Air  in  the  Soil. 

The  hardest  rocks  alone  are  perfectly  free  from  air ;  the  greater  number 
even  of  dense  rocks,  and  all  the  softer  rocks,  and  the  loose  soils  covering  them, 
contain  air.  The  amount  is  in  loose  sands  often  40  or  50  per  cent. ;  in  soft 
sandstones,  20  to  40  per  cent  The  loose  soil  turned  up  in  agricultural  opera- 
tions may  contain  as  much  as  2  to  10  times  its  own  volume  of  air. 

Tlie  nature  of  the  air  in  soils  has  not  been  perfectly  determined ;  it  is 
mostly  very  rich  in  carbonic  acid,  is  very  moist,  and  probably  contains 
ef9uvia  and  organic  substances,  derived  &om  the  animal  or  vegetable 
constituents,  but  which  have  not  been  properly  examined.  Occasionally  it 
contains  carburetted  hydrogen,  and  in  moist  soils,  when  the  water  contains 
sulphates,  a  little  sulphuretted  hydrogen  may  be  found.  It  has  been  recently 
examined  by  Nichols*  in  America,  Fodorf  in  Buda-Pesth,  and  Lewis  and 
Cunningham^  in  Calcutta.  Nichols  made  his  experiments  in  the  £ack-bay 
lands  of  Boston,  Massachusetts,  land  made  by  throwing  gravel  upon  sea  mud. 
His  first  series  of  experiments  was  upon  air  drawn  from  depths  of  3f  to  5^ 
feet  There  was  no  sulphuretted  hydrogen,  and  only  a  little  ammonia ;  the 
COj  was  from  1*49  to  2*26  volumes  per  1000,  and  varied  inversely  as  the 
height  of  the  ground-water,  which  was  very  near  the  surface.  This  relation, 
however,  was  not  constant  at  a  depth  of  6  to  10  feet  Fodor  experimented 
on  air  at  four  stations  from  depths  of  4,  2,  and  1  metre.  At  the  lowest  depth 
the  mean  COj  was  107 '6  per  1000 ;  at  the  depth  of  1  metre  it  was  as  little 
as  3*7  in  one  station.  The  great  amount  of  CO2  points  to  very  intense 
chemical  changes  in  the  ground,  especially  in  the  deep  strata,  but  at  the  same 

*  6th  Report  of  the  Board  of  Health,  Massachusetts,  1875. 

t  Deatsche  Vierteljahrschrift  fUr  ()ffentliche  Gesondheit.  bd.  vii.  p.  205, 1875. 

X  The  Soil  in  its  relation  to  ]>i8ea8e,  Calcutta,  1875. 
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time  it  may  be  very  variable  in  different  places.  The  amount  of  oxygen  waa 
in  a  measuie  inveisely  as  the  COa.  At  a  depth  of  4  metres  (13  feet)  the  air 
would  be  irrespirable,  and  would  extinguish  a  Ught,  as  it  contained  13*85 
per  cent  of  CO^  and  only  7 '46  of  oxygen.  (How  many  cellars  go  as  deep  as 
13  feet  into  the  ground,  and  this  cellar  air  feeds  the  house  with  air  !)  From 
the  examination  of  the  organic  matter  he  comes  to  the  conclusion  that  it  is 
not  its  oxidation  on  the  spot  that  produces  the  C0«,  and  that  therefore  the 
latter  cannot  be  taken  as  a  measure  of  impurity,  depending  as  it  does  to  a 
large  extent  upon  the  permeability  of  the  soil.^  He  found  no  sulphuretted 
hydrogen,  but  a  good  deal  of  nitric  acid  and  ammonia,  the  relative  quantities 
depending  upon  free  access  of  air  or  otherwise.  As  regards  moisture,  the 
mean  percentage  of  humidity  was  80*7  at  2  metres  and  93*8  at  4.  Lewis  and 
Cunningham,  in  their  observations  at  Calcutta,  found  results  somewhat  sbnilar 
to  those  of  Fodor,  the  CO^  being  greatest  at  the  lower  strata  examined. 

The  amoufU  of  air  in  sails  can  be  roughly  estimated,  in  the  case  of  rather 
loose  rocks^  by  seeing  how  much  water  a  given  bulk  will  absorb,  which  can 
be  done  by  measuring  the  water,  before  and  after  the  weighed  or  measured 
rock  is  inserted  in  it,  or  by  weighing  the  rock  after  immersion.  But  a  more 
exact  plan  is  to  weigh  a  piece  of  the  rock  when  dry ;  to  thoroughly  saturate 
it  with  water,  and  weigh  again,  so  as  to  obtain  the  weight  of  the  water  it  has 
taken  up.  The  specific  gravity  of  the  rock  having  been  previously  determined 
in  the  ordinary  way,  the  calculation  is — 

Weight  of  water  taken  up  x  100,     _ 
Weight  of  dry  rock  -r  specific  gravity, ""  ^     ii»«ge 

When  the  soil  is  loose,  Pettenkofer  adopts  the  following  plan  : — Dry  the 
loose  soil  at  212**  Fahr.,  and  powder  it,  but  without  crushing  it  very  much  ; 
ut  it  into  a  burette,  and  tap  it  so  as  to  expel  the  air  from  the  interstices  as 
ar  as  possible ;  connect  another  burette  by  means  of  an  elastic  tube  with  the 
bottom  of  the  first  burette  and  clamp  it  on;  pour  water  into  No.  2  burette,  and 
then,  by  pressing  the  clamp,  allow  the  water  to  rise  through  the  soil  until  a 
thin  layer  of  water  is  seen  above  it ;  then  read  off  the  amount  of  water  thus 
gone  out  of  the  second  burette.     The  calcidation — 

Amount  of  water  used  x  100  ,  .    . 

^riT' r — m — Fj M  =  percentage  of  air. 

Cubic  centimetres  of  dry  soil    ^         ^ 

The  subterranean  atmosphere  thus  existing  in  many  loose  soils  and  rocks  is 
in  continual  movement^  especially  when  the  soils  are  dry  ;  the  chief  causes  of 
movement  are  the  diurnal  changes  of  J  heat  in  the  soil,  and  the  fall  of  rain, 
which  must  rapidly  displace  the  air  from  the  superficial  layers,  and  at  a  later 
date,  by  raising  the  level  of  the  ground  water,  will  slowly  throw  out  large 
quantities  of  air  from  the  soiL  Fodor  considers  the  temperature  of  the  air,  the 
ground  temperature,  the  action  of  the  winds,  rainfall,  barometric  pressure,  and 
level  of  ground  water  to  be  all  influential  in  causing  movement  of  the  ground 
air  and  consequent  relative  change  in  its  constituents.  Ab  f ar  as  the  CO. 
was  concerned,  Lewis  and  Cunningham  found  that  the  air  temperature  ana 
wind  were  both  inoperative,  whilst  the  moisture  had  the  greatest  influence  on 
the  upper  strata,  and  the  ground-water  on  the  lower 

Local  conditions  must  also  influence  the  movement;  a  house  artificially 
warmed  must  continually  be  fed  with  air  from  the  ground  below,  and  doubt- 
less this  air  may  be  drawn  from  great  depths.  Coal  gas  escaping  from  pipes, 
and  prevented  from  exuding  by  frozen  earth  on  the  surface,  has  been  known 

*  Fodor  attempts  to  distinguish  (hat  hardly  saooessfully)  hetween  porosity  and  penqeability. 


I 


THE  WATER  IN  THE  SOIL.  329 

to  pasB  aideways  for  some  diatance  into  bouses.  The  air  of  cesspools  and  of 
porous  or  broken  drains  will  thus  pass  into  bouses,  and  tbe  examination  of 
drains  alone  often  fails  to  detect  tbe  cause  of  effluvia  in  tbe  bouse. 

Tbe  unbealtbiness  of  bouses  built  on  '*  made  soils,''  for  some  time  after  tbe 
soils  are  laid  down,  is  no  doubt  to  be  attributed  to  tbe  constant  ascent  of  im- 
pure air  from  tbe  in^pure  soil  into  tbe  warm  bouses  above. 

To  binder  tbe  ascent  of  air  from  below  into  a  bouse  is  therefore  a  sanitary 
point  of  importance,  and  sboidd  be  accomplished  by  paving  and  concreting  tbe 
basement,  or,  in  some  cases,  by  raising  tbe  bouse  on  arches  off  tbe  ground. 
Tbe  improvement  of  tbe  health  of  towns,  after  they  are  well  paved,  may 
partly  be  owing  to  lessening  of  effluvia,  though  partly  also  to  tbe  greater  ease 
of  removing  surface  impurities.  In  some  malarious  districts  great  benefit  has 
been  obtained  by  covering  tbe  ground  with  grass,  and  thus  hindering  the 
ascent  of  tbe  miasm. 

Ab  a  rule,  it  is  considered  that  loose  porous  soils  are  healthy,  because  they 
are  dry,  and,  with  tbe  qualification  that  tbe  soil  shall  not  furnish  noxious 
effluvia  from  animal  or  vegetable  impregnation,  tbe  rule  appears  to  be  correct. 
It  is,  however,  undoubted  that  dry  and  apparently  tolerably  pure  soils  are 
sometimes  malarious,  and  this  arises  either  from  tbe  soils  being  really  impure, 
or  from  their  porosity  allowing  tbe  transference  of  air  from  considerable  dis- 
tances. Even  on  tbe  purest  soils  it  is  desirable  to  observe  tbe  rule  of  cutting 
off  tbe  subsoil  air  from  ascent  into  houses. 

Tbe  diseases  which  have  been  attributed  to  telluric  effluvia  are — 

Bilious  remittent  fever. 
Cholera. 


Paroxysmal  fevers. 
Enteric  (typhoid)  fever. 
Yellow  fever. 


Dysentery. 
Tbe  questions  connected  with  these  effluvia  will  be  noticed  farther  on. 

The  Water  in  the  Soil. 

Tbe  water  present  in  soils  is  divided  into  moisture  and  ground  water. 
When  air  as  well  as  water  is  present  in  tbe  interstices,  tbe  soil  is  merely  moist. 
Tbe  ground  water  must  be  defined,  with  Pettenkofer,  as  that  condition  in 
which  all  tbe  interstices  are  filled  with  water,  so  that,  except  in  so  far  as  its 
particles  are  separated  by  soHd  portions  of  soil,  there  is  a  continuous  sheet  of 
water.  Other  definitions  of  ground  water  have  been  given,  but  it  is  in  this 
sense  it  is  spoken  of  here. 

Moisture  of  Soil. — ^Tbe  amount  of  moisture  depends  on  the  power  of  the 
soil  to  absorb  and  retain  water,  and  on  tbe  supply  of  water  to  tiie  soil  either 
&om  rain  or  ground  water.  With  respect  to  the  first  point,  almost  all  soils 
will  take  up  water.  Pfaff^  has  shown  that  dhed  quartz  sand  on  a  filter  can 
take  up  as  much  as  20  per  cent,  of  water,  and  though  in  tbe  natural  condition 
in  tbe  soil  the  absorption  would  not  be  so  great,  there  is  no  doubt  that  even 
the  hardest  sands  retain  much  moisture.  After  several  months  of  long  con- 
tinued drought,  Mr  Church  found  a  Ught  calcareous  clay  loam  subsoil  to  con- 
tain from  19  to  28  per  cent,  of  water. 

A  loose  sand  may  bold  2  gallons  of  water  in  a  cubic  foot,  and  ordinary 
sandstone  may  hold  1  gallon.  Chalk  takes  13  to  17  per  cent. ;  clay,  if  not 
very  dense,  20  ;  humus,  as  much  as  40  to  60,  and  retains  its  strongly.  Tbe 
Bo-ciEdled  "  cotton  soil  "  of  Central  India,  which  is  derived  from  trap  rock,  ab- 
sorbs and  retains  water  with  great  tenacity ;  tbe  driest  granite  and  marbles 
will  contain  from  '4  to  4  per  cent,  of  water,  or  about  a  pint  in  each  cubic  yard. 

*  Zeitsch  ftir  Biologie,  band  It.  p.  249. 
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The  moifltuie  in  the  soil  is  deriyed  partly  from  nun  to  which  no  soil  is 
absolutely  impermeable,  as  even  granite,  clay  slate,  and  hard  limestone  may 
absorb  a  little.  PracticaUy,  however,  soils  may  be  divided  into  tli^ 
impermeable  (unweathered  granite,  trap  and  metamorphic  rocks,  day  slate, 
dense  clays,  hard  oolite,  hud  limestone  and  dolomite,  &c.)  and  permeable 
(chalk,  sand,  sandstones,  vegetable  soils,  &c.)  The  amount  of  rain  passing  into 
a  soil  is  influenced,  however,  by  other  circumstances — by  the  declivity  and 
inclination  of  the  soil ;  by  the  amount  of  evaporation,  which  is  increased  in 
summer ;  by  hot  winds ;  and  by  the  rapidity  of  the  fall  of  rain  which  may  be 
greater  thim  the  soil  can  absorb.  On  an  average,  in  this  country,  about  25 
per  cent  of  the  rain  penetrates  into  the  sand  rocks,  42  per  cent,  into  the 
chalk,  and  from  60  to  96  per  cent,  into  the  loose  sands.  The  rest  evaporates 
or  runs  off  the  surface  by  the  lines  of  natural  drainage.  The  rapidity  with 
which  the  rain  water  sinks  through  soil  evidently  varies  with  circumstances  ; 
in  the  rather  dense  chalks  it  has  been  supposed  to  move  three  feet  downwards 
every  year,  but  in  the  sand  its  movement  must  be  much  quicker. 

The  moisture  of  the  soil  is  not^  however,  derived  solely  from  the  rain  ;  the 
ground  water  by  its  own  movement  of  rising  and  falling,  and  evaporation  ^m 
the  surface  of  the  subterranean  water-sheet,  and  capillary  attraction,  makes  the 
upper  layers  of  the  soil  wet.  By  these  several  agencies  the  ground  near  the 
surface  is  in  most  parts  of  the  world  kept  more  or  less  damp. 

Determination  of  Moisture  in  the  Soil — By  drying  10  grammes  at  a  tem- 
perature of  220°  Fahr.,  then  weighing,  exposing  to  air,  and  observing  the  in* 
crease  of  weight,  an  idea  is  formed  of  the  amount  of  moisture,  and  of  the  hygro- 
metric  properties  of  the  soil  If  the  dried  soil  is  put  over  water  under  a  bell 
jar,  it  will  be  exposed  to  air  saturated  with  moisture,  or  by  observing  the  dry 
and  wet  bulb  thermometers,  the  humidity  of  the  air  at  the  time  can  be 
noted. 

The  Ground  or  Subsoil  Water. — ^The  subterranean  sheet  of  water  is  at  very 
different  depths  below  the  surface  in  different  soils ;  sometimes  it  is  only  2  or 
3  feet  from  the  surface,  in  other  cases  as  many  hundreds.  This  depends  on 
the  compactness  or  permeability  of  the  soil,  the  ease  or  difficulty  of  outflow, 
and  the  existence  or  not  of  an  impermeable  stratum  near  or  far  from  the 
surface.  The  underground  sheet  of  water  is  not  necessarily  horizontal,  and 
in  some  places  it  may  be  brought  nearer  to  the  surface  thai»  others  by 
peculiarities  of  ground.  The  water  is  in  constant  movement,  in  most  cases 
flowing  towards  the  nearest  water  courses*  or  the  sea ;  the  rate  of  movement 
has  not  yet  been  perfectly  determined.  In  Munich,  Pettenkofer  reckons  its 
rate  as  15  feet  daily ;  the  high  water  in  the  Elbe  moves  the  ground  water  in 
the  vicinity  at  the  rate  of  about  7  or  8  feet  daily. 

The  rate  of  movement  is  not  influenced  solely  by  compactness  or  porosity 
of  soil,  or  inclination.  The  roots  of  trees  exert  a  great  influence  in  lessening 
the  flow  j  and,  on  the  other  hand,  water  runs  off  more  rapidly  than  before  in 
a  district  cleared  of  trees.     The  level  of  the  ground  water  is  constantly 

*  In  confirmation  of  this  it  has  been  shown  by  Virchow  (Reinigong  iind  Eutwasserong 
Berlins,  1878)  that  the  well  water  near  the  Spree  is  higher  (in  one  case  6  feet)  than  the  river: 
the  ground  water  is  not  derived  from,  the  river,  but  flows  towards  it  (p.  81),  and  is  influenced 
by  it  only  as  it  flnds  a  ready  or  obstructed  entrance  on  account  of  the  varying  amount  of  vrater 
in  the  Spree.  The  height  of  the  Spree,  therefore,  cannot  give  a  correct  measure  of  the  height 
of  water  in  the  neighbouring  weUs,  though  the  ground  water  is  influenced  by  the  river  allow- 
ing it  to  run  off  or  holding  it  back.  The  movement  of  the  ground  water  appears  to  be  ex- 
tremely  slight  in  Berlin  ;  in  fact  in  some  parts  it  is  almost  stagnant.  There  are  two  soils  at 
Berlin,  alluvial  and  diluvial,  which  fumisn  ground  water  of  different  composition ;  Virchow, 
therefore,  terms  the  water  of  the  diluvial  or  lower  stratum  the  "  underground  water  "  (Uuter« 
grundwasser),  but  this  term  does  not  appear  a  very  good  one. 
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changing.  It  rises  or  falls  more  or  less  rapidly  and  at  different  rates  in 
different  places ;  in  some  cases  its  movement  is  only  a  few  inches  either  way, 
hut  in  most  cases  the  limits  hetween  its  highest  and  lowest  levels  in  the  year 
are  several  feet  (in  Munich  ahout  10).  In  India  the  changes  are  greater.  At 
Saugor,  in  Central  India,  the  extremes  of  the  soil  water  are  from  a  few  inches 
from  surface  (in  the  rains)  to  17  feet  in  May.  At  Juhhulpore  ^it  is  from  2 
feet  from  surface  to  12  or  15. 

The  causes  of  change  in  the  level  of  the  ground  water  are  the  rainfall^ 
pressure  of  water  from  rivers  or  the  sea,  and  alterations  in  outfall,  either 
increased  ohstruction  or  the^  reverse.  The  effect  of  the  rainfall  is  sometimes 
only  traceahle  weeks  or  even  months  after  the  fall,  and  occasionally,  as  in 
plains  at  the  foot  of  hills,  the  level  of  the  ground  water  may  he  raised  hy 
rainfalls  occurring  at  great  distances.  The  pressure  of  the  water  in  the  Ehine 
has  heen  shown  to  affect  the  water  in  a  wefl.  1670  feet  away.* 

Diseases  cormected  with  Moisture  and  Ground  Water, — ^Dampness  of  soil 
may  presumahly  affect  health  in  two  ways — 1st,  By  the  effect  of  the  water, 
j>er  se,  causing  a  cold  soil,  a  misty  air,  and  a  tendency  in  persons  living  on 
such  a  soil  to  catarrhs  and  rheumatism ;  and,  2d,  By  aiding  the  evolution  of 
oi^anic  emanations.  The  decomposition  which  goes  on  in  a  soil  is  owing  to 
four  factors,  viz.,  presence  of  decomposahle  organic  matters  (animal  or  veget- 
ahle),  heat,  air,  and  moisture.  These  emanations  are  at  present  known  only 
hy  their  effects ;  they  may  he  mere  chemical  agencies,  hut  more  prohahly  they 
are  low  forms  of  life  which  grow  and  propagate  in  these  conditions.  At  any 
rate,  moisture  appears  to  he  an  essential  element  in  their  production.  The 
ground  water  is  presumed  to  afifect  health  hy  rendering  the  soil  ahove  it 
moist,  either  hy  evaporation  or  capiUary  attraction,  or  hy  alternate  wettiogs 
and  dryings. 

A  moist  soil  is  cold,  and  is  generally  helieved  to  predispose  to  rheumatism, 
catarrh,  and  neuralgia.  It  is  a  matter  of  general  experience^that  most  persons 
feel  hecdthier  on  a  dry  soil 

In  some  way  which  is  not  clear,  a  moist  soil  produces  an  unf avourahle  effect 
on  the  lungs:  at  least  in  a  numher  of  English  towns,  which  have  heen 
sewered,  and  in  which  the  groimd  has  heen  rendered  much  drier,  Buchanan 
has  shown  that  there  has  heen  a  diminution  in  the  numher  of  deaths  from 
"  phthiBis."!  I^  Bowditch  of  Boston  (U.S.),  and  Dr  Middleton  of  Salisbury, 
noticed  the  same  fact  some  years  ago.  Buchanan's  evidence  is  very  strong  as 
to  the  fact  of  the  connection,  hut  the  nature  of  the  link  hetween  the  two  con- 
ditions of  drying  of  soil  and  lesgoning  of  certain  pulmonary  diseases  is 
unknown.  It  is  curious  how  counter  the  observation  runs  to  the  old  and 
erroneous  view,  that  in  malarious  (and  therefore  wet)  places  there  is  less 
phthisis. 

A  moist  soil  influences  greatly  the  development  of  the  agent,  whatever  it 
may  he,  which  causes  the  paroxysmal  fevers.  The  factors  which  must  be 
present  to  produce  this  agent  are  heat  of  soil  (which  must  reach  a  certain 
point  =  isotherm  of  66*  Fahr.  of  summer  air  temperature),  air,  moisture,  and 
some  impurity  of  soil,  which  in  all  probabihty  is  of  vegetable  nature.  The 
rise  and  fall  of  the  ground  water  by  supplying  the  requisite  degree  of 


*  In  a  place  near  the  Hamble  River  (Haropshire)  I  foand  the  tide  affecting  the  water  of  a 
well  at  a  distance  of  2240  feet ;  the  weU  itself  being  83  feet  deep  and  140  feet  above  mean-water 
level.     (F.  de  C.)    *'  Lectures  on  State  Medicine,'^ Smith  and  Mder.  p.  91, 1875. 

t  Buchanan,  Ninth  and  Tenth  Reports  of  the  Medical  Officer  to  tiie  Privy  Council,  1866, 
p.  48,  and  1867,  p.  57.  As  the  term  "phthisis  "  is  a  eeneral  one,  and  includes  all  the  fatal 
oiaeases  of  the  lungs, with  destruction  oi  lung-tissue  (tuoerculous  and  inflammatory),  as  well 
as  other  cases  of  wasting,  with  pulmonary  symptoms,  it  would  be  well  to  translate  the  word 
"  phthisis  "  by  the  phrase  "  wasting  diseases  of  the  lungs." 
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moisture,  or,  on  the  contrary,  by  tnalriTig  Boil  too  moist  or  too  dry,  evidently 
plays  a  large  part  in  producing  or  controlling  periodical  outbreaks  of 
paroxysmal  fevers  in  the  so-called  malarious  countries.  The  development  of 
malaria  may  be  connected  either  with  rise  or  with  fall  of  the  ground  water. 
An  impeded  outflow  which  raises  the  level  of  the  ground  water  has,  in 
malarious  soils,  been  productive  of  immense  spread  of  paroxysmal  fevers.  In 
the  malfiug  of  the  Ganges  and  Jumna  Canals,  the  outflow  of  a  large  tract  of 
country  was  impeded,  and  the  course  and  extent  of  the  obstruction  was  traced 
by  Dempster  and  Taylor  by  the  almost  universal  prevalence  of  paroxysmal 
fevers  and  enlarged  spleens  in  the  inhabitants  along  the  bank&*  The  severe 
and  fatal  fever  which  has  prevailed  in  Burdwan,  in  Lower  Bengal,  for  the  last 
ten  years,  appears  to  be  in  part  owing  to  the  obstruction  to  the  natural 
drainage  from  mills  and  from  blockage  of  water  courses,  f  In  some  cases 
relative  obstmction  comes  into  play ;  t.^.,  an  outfall  sufficient  for  compara- 
tively dry  weather  is  quite  inadequate  for  the  rainy  season,  and  the  ground 
water  rises.  At  Pola,  in  Istria,  for  example,  there  are  no  marshes,  but  in  the 
summer  sometimes  half,  sometimes  90  per  cent  of  all  cases  are  malarious ;  the 
reason  is,  that  a  dense  clay  lies  a  little  below  an  alluvial  soil,  and  the  only 
exit  for  the  rain  is  through  two  valley-troughs,  which  cannot  carry  off  the 
water  fast  enough  in  the  wet  season,  {  from  February  to  May. 

A  remarkable  instance  of  excessive  rainfall,  causing  an  outbreak  of  malarial 
disease,  occurred  at  Kurrachee,  in  Scinde,  in  1869.  The  average  annual 
rainfall  in  Scinde  in  11  years  (1856-66)  was  only  6*75  inches ;  and 
the  greatest  rainfall  in  that  time  was  13*9  inches  (1863).  In  1867  the  rain- 
fall was  2-73  ;  in  1868  it  was  3*36  inches ;  while  in  1869  it  reached  the  un- 
precedented amount  of  28*45  inches,  of  which  13*18  fell  in  July,  and  8*39 
inches  in  September.  April,  May,  October,  November,  and  December  were 
rainless.  The  1st  Batt.  21st  Eegiment  had  the  following  attacks  of 
paroxysmal  fever  per  1000  of  strength  : — In  April,  none  ;  in  May,  9  ;  in 
June,  39  ;  in  July,  30  ;  in  August,  93  ;  September,  105 ;  in  October,  198  ; 
in  November,  1004 ;  and  in  December,  644.  In  December  the  regiment  was 
embarked  for  Madras,  as  it  had  ''  thoroughly  lost  heart"  The  disease  was 
not  fatal,  as  the  death  rate  for  the  year,  from  all  causes,  was  only  25*7  per 
1000.  At  Kurrachee,  as  the  rainfall  is  usually  so  small,  the  ground  dries  fast^ 
and  is  then  non-malarious.  The  ground  is  flat,  and  there  is  no  subsoil  drain- 
age. In  1866,  when  there  was  heavy  rainfall  (13*75  inches),  there  was  also 
a  development  of  malarial  disease,  which  was  continued  in  1867. 

The  opposite  result,  viz.,  an  increased  outflow  lowering  the  subsoil  water, 
has  been  observed  in  drainage  operations,  and  very  malarious  places  have  been 
rendered  quite  healthy  by  this  measure,  as  in  I^uicolnshire,  and  many  parts 
of  England.  The  case  of  Boufaric,  in  Algeria,  is  a  good  instance  ;  successive 
races  of  soldiers  and  colonists  had  died  ofl^  and  the  station  had  the  worst  re- 
putation. Deep  drainage  was  resorted  to,  the  level  of  the  ground  water  was 
lowered  less  than  2  feet  This  measure,  and  a  better  supply  of  drinking- 
water,  have  reduced  the  mortality  to  one-third. 


*  The  observations  of  Dempster  and  Taylor  on  the  Juttma  Canal  have  been  lately  confirmed 
by  Ferguson  (Sanitary  Administration  of  the  Punjab  for  1871,  Appendix  IV.)*  vho  has  inves- 
tigated the  effect  on  malarious  disease  on  the  B^  Dodb  Canal  district ;  he  found  canal  irriga- 
tion increased  malarious  fever,  and  apparently  byraising  the  soil-water  levels. 

t  Dr  Derby  (Sd  Report  of  the  State  Board  of  Health  of  Massachusetts,  Boston,  1872)  points 
out  how  affue  has  been  produced  by  obstructions  to  out-flow,  such  a«  tide-mills,  &c.  So  long 
ago  as  1828,  authori^  to  remove  a  dam  was  obtained  on  account  of  injury  to  health.  See  also 
case  recorded  by  Dr  Cattell  in  Natal,  Army  Medical  Beporto,  vol.  ziiL  1871,  p.  178,  produced  by 
natural  causes. 

::  Dr  Jilck,  in  Archiv.  der  Heilk,  1870,  p.  49a 
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A  case  mentioned  by  Fettenkof er*  is  also  very  striking  as  to  the  effect  of 
subsoil  diaioage  on  some  kind  of  fever  in  horses.  Two  royal  stables  near 
Munich,  with  the  same  arrangements  as  to  stalls,  food,  and  attendance,  and 
the  same  class  of  horses,  suffered  very  unequally  from  fever ;  horses  sent  from 
the  unhealthy  to  the  healthy  stables  did  not  communicate  the  disease.  The 
difference  between  the  two  places  was,  that  in  the  healthy  stables  the  ground 
water  was  5  to  6  feet,  in  the  unhealthy  only  2^  feet  from  the  surface.  Drain- 
ing the  latter  stables,  and  reducing  the  ground  water  to  the  same  height,  made 
these  stables  as  healthy  as  the  others. 

Typhoid  (enteric)  fever  has  also  been  supposed  to  be  connected  with  changes 
in  moisture  of  the  soil,  owing  to  rising  and  falling  of  the  ground  water. 
Professor  Pettenkofer's  observations  on  the  weUs  of  Munich  led  Buhl  to  the 
discovery  that  in  that  city  there  is  a  very  close  relation  between  the  height  of  the 
ground  water  and  the  fatal  cases  of  typhoid  jf  the  outbreaks  of  typhoid  fever 
occurred  when  the  ground  water  was  lowest,  and  especially  when,  siter  having 
risen  to  an  unusual  height,  it  had  rapidly  fallen.  Pettenkofer  has  repeated 
and  extended  the  inquiry  with  the  same  results.  The  point  has  been  also 
numerically  investigated  by  Seidel  |  in  Mimich  and  Leipzig  for  the  years 
1856-64  and  1865-73,  and  from  a  mathematical  consideration  of  the  numbers 
he  concludes  that,  according  to  the  theory  of  probabilities,  it  is  36,000  to  1 
that  there  is,  in  each  period,  a  connection  between  the  two  occurrences.  § 
Other  observations  in  Germany  are  confirmatory,!!  but  in  this  country  the  con- 
nection has  not  been  traced.  In  some  outbreaks  of  enteric  fever,  the  ground 
water  has  been  rising  and  not  falling ;  and  in  other  instances  the  attacks  have 
been  traced  to  impure  drinking-water  or  milk,  to  sewer  emanations,  or  to 
personal  contagion,  and  the  agency  of  the  ground  water  has  appeared  to  be 
quite  negative.  Dr  BuchananU  has  quoted  a  case,  in  which  the  sinking  of 
the  ground  water  and  the  outbreak  of  fever  were  coincident,  and  yet  the  con- 
nection was,  so  to  speak,  accidental,  for  the  efficient  cause  of  the  outbreak  was 
the  poisoning  of  the  drinking  water  with  typhoid  evacuationa  And  he  also 
points  out  that  when  the  ground  water  has  actually  been  lowered  in  certain 
English  towns  by  drainage  operations,  typhoid  fever  has  not  increased  as  it 
should  do,  according  to  theory,  but  has  diminished,  owing  to  the  intro- 
duction of  pure  water  from  a  distance.  He  thus  thinks  that,  while  a  connec- 
tion between  the  prevalence  of  typhoid  fever  and  sinking  of  the  ground  water 
must  be  admitted  to  exist,  it  is  indirect,  and  the  true  cause  of  the  fever  is 

*  Quoted  by  Kirchner,  Lehrb.  der  Mil-Hygiene,  1869,  pp.  217,  2ia 
'    t  Zeitschrift  ftir  Biologie,  band  i.  n.  1. 
X  Zeitsch.  fbr  Biologic,  band  i  p.  221,  and  band  ii.  p.  145. 

I  Banke,  however,  points  out  that  no  typhoid  exists  in  the  neighbourhood  of  Munich,  but  what 
is  imported  from  Munich,  although  soil  and  ground  water  are  the  same.  Munich  has  a  soil  con- 
slating  of  fine  sand,  with  a  peculiar  power  of  holding  nitrogenous  substances ;  it  is  provided 
with  cess-pools,  from  which  more  than  90  per  cent,  of  the  contents  soak  into  the  surrounding 
soil,  and,  as  the  streets  are  well  paved,  the  nouses  are  the  only  outlets  for  the  foul  soil-air. 

Virchow,  in  his  Report  on  tiie  Sewerage  of  Berlin,  shows  that  the  mortality  is  greatest  in 
July  and  Aug^t,  the  curve  corresponding  accurately  with  the  variation  of  the  ground  water, 
the  death-rate  being  greatest  at  the  lowest  level ;  this  is  chiefly  due  to  deaths  under  one  year. 
At  the  lowest  level  there  is  every  year  a  little  epidemic  of  typhoid.  At  Ztlrioh  in  1872  the 
results  were  directly  opposed  to  Pettenkofer's  views  (See  Lectures  on  State  Medicine,  p.  101) 
Geissler  considers  the  mfluence  of  the  rise  and  fall  of  the  ^und  water  a  local  matter,  ana 
agrees  with  Rudolph  Rath  in  attributing  the  typhoid  of  Berlin  to  contaminated  water.  The 
case  of  water  transmission  (which  he  quotes  from  Hagler)  in  the  village  of  Lausen  is  a  ve^ 
conclusive  one.  (Schmidt's  Jahrbtich.  1874,  No.  2, 185 ;  also  Archiv  fllr  Klin.  Medidn,  1878, 
p.  2S7 ;  see  also  an  abstract  in  the  Report  on  Hygiene,  Army  Med.  Reports,  vol.  zv.  p.  197). 

Vofft  of  Bern  (Trinkwasser  oder  Bodengase)  strongly  supports  Pettenkofer's  views,  and 
oonsiders  the  propantion  by  drinking-water  as  illusoij. 

II  Bnxbaum,  Dm*  Typhus  in  der  Kaseme  zn  Neusttft ;  Zeiiseh.  fur  Biologie,  band  vi.  p.  1« 
This  seems  strong  evidence  in  favour  of  Pettenkofer's  view. 

If  Medical  Times  and  Gazette,  March  1870. 
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impurity  of  the  drinking-water.  Pettenkofer  has  replied  to  this  view,*  and 
denies,  from  actual  analysis,  the  fact  of  the  contamination  of  the  drinking- 
water  in  typhoid  outbreaks. 

At  the  present  moment  the  observations  of  Pettenkofer,  and  the  case  of  the 
barracks  at  Neustift,  recorded  by  Buxbaum,  are  certainly  in  favour  of  the 
opinion  that  a  direct  connection  may  exist  in  some  cases  between  the  sinking 
of  the  ground  water  and  outbreaks  of  typhoid ;  but  the  frequency  and  extent 
of  the  connection  remains  to  be  determined,  and  in  this  country,  at  any  rate, 
the  other  conditions  of  spread  of  typhoid  appear  to  be  far  more  common- 
Assuming  the  truth  of  the  connection,  the  other  conditions  which 
Pettenkofer  considers  necessary,  besides  a  rapid  sinking  of  ground  water  after 
an  unusual  rise,  are  impurity  of  the  soil  from  animal  impregnation,  heat  of 
soil,  and  the  entrance  of  a  specific  geruLf 

A  very  similar  view  is  held  by  Pettenkofer  in  respect  of  cholera,  and  he 
has  advanced  many  striking  arguments!  ^  show  that  while  sporadic  cases  of 
cholera  may  occur,  that  there  will  be  no  wide-spread  epidemic,  unless  certain 
conditions  of  soil  are  present^  viz.,  an  impure  porous  soil,  which  has  recently 
been  rendered  moist  by  a  rise  of  ground  water,  and  then  has  been  penetrated 
by  air  during  the  fall  of  ground  water,  and  into  which  the  specific  germ 
(Keim)  of  cholera  has  found  its  way.  As  in  the  case  of  typhoid  fever, 
Pettenkofer  formerly  denied  that  cholera  could  be  produced  by  impure  drink- 
ing-water, but  at  the  Sanitary  Conference  at  Vienna  in  1874  he  admitted  the 
occasional  propagation  in  this  way.§ 

In  Germany  Pettenkofer^s  views  on  the  spread  of  cholera  have  not  met  with 
universal  acceptance, ||  though  there  are  several  instances  in  support.  In  India 
the  weight  of  the  evidence  is  at  present  against  Pettenkofer's  views  ;1I  but  as 
investigations  are  now  going  on  which  will  in  a  few  years  settle  the  point,  it 
is  desirable  at  present  to  refrain  from  forming  a  decided  opinion,  except  in  so 
far  that  we  may  feel  sure  that  the  singularly  localised  outbreaks  which  some- 
times occur  in  India  are  quite  unconnected  with  any  subsoil-water  variations. 
In  the  report  of  MM.  Lewis  and  Cunningham  (op.  di.)  it  is  shown  that  the 
cholera  at  Calcutta  in  1873—4  followed  the  curve  of  the  ground-water  level 
inversely,  exactly  in  accordance  with  Pettenkof er's  views. 

Dysentery  and  the  so-called  bilious  remittent  fevers,  which  occur  in  foul 
camps  and  on  ground  largely  contaminated  by  animal  impurities,  may  be  con- 
jectured to  be  also  influenced  by  variations  in  the  ground  water,  but  satis- 
factory evidence  has  not  yet  been  given.  In  the  Calcutta  Report,  above  cited, 
the  maximum  of  fever  corresponded  with  the  maximum  of  COg  in  the  soil 
atmosphere,  and  with  the  h^hest  ground-water  level     Dysentery,  on  the 

*  Ibid.,  June  1870 ;  and  Vierteljahrschrift  Air  offentlicbe.  GMnndsheitspflege,  1870,  band 
it  pp.  176,  197. 

+  vierte^ahrscbrift  ftlr  offentl.  Oes..  band  it  p.  181. 

X  Among  his  many  essays,  I  would  especially  refer  to  bis  Analysis  of  tbe  Reasons  of  the 
Immunity  of  Lyons  from  Cholera.    (Zeitscb.  fUr  Biol.,  band  iv.  p.  400). 

§  It  is.  of  course,  to  be  understood  that  the  impurity  which  aids  in  producing  cholera  is 
derived  m>m  persons  ill  with  the  disease.  For  a  discussion  on  Pettenkofer's  views  on  this 
point,  I  beg  to  refer  to  my  Report  on  Hygiene  for  1872,  in  the  Army  Med.  Department  Report, 
vol.  xiii.  (1873). 

II  A  careful  analysis  of  this  subject  is  contained  in  F.  Ktichenmei8ter*s  work  (Yerbreitung 
der  Cholera,  1872),  and  the  work  bv  F.  Sander  (Unters.  ttber  die  Cholera,  1872).  Dr  Fnmk 
(health  officer  of  Mnnich),  believes  that  the  cholera  in  187-S-4,  was  imported  from  Vienna,  and 
points  out  that  in  1878  the  ground  water  and  death-rate  were  not  in  accordance  with  Petten- 
kofer's  theory.    (See  Report  on  Hygiene,  Army  Med.  Report,  voL  xv.  p.  2208). 

%  Townsend's  Report^  on  the  Cholera  in  Central  India  contain  so  many  oases  where  ground 
water  could  have  had  no  influence,  that  it  appears  impossible  to  accept  Pettenkofer's  &eory. 
In  Dr  Cornish's  ftoport  for  1871  are  some  good  observations  on  subsoil  water,  whidi  if  carried 
out  in  the  same  way  for  a  few  years  will  decide  this  question. 
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other  hand,  showed  two  Tnaxima^  one  at  the  rise  of  the  water-level,  and  the 
other  at  the  corresponding  point  of  the  fall. 

Measurement  of  the  Ground  Water. — The  height  at  which  water  stands  in 
weUs  is  considered  to  give  the  best  indication  of  the  height  of  the  ground 
water.  Professor  Pettenkof er  uses  a  rod  on  which  are  fixed  a  number  of  little 
cups,  and  when  let  down  into  the  well  and  drawn  up  again,  the  uppermost 
cup,  which  contains  water,  marks,  of  course,  the  height  of  the  water  ;  the 
length  of  the  cord  or  rod  used  for  letting  down  the  cups  being  known,  the 
changing  level  of  the  well  can  be  estimated  to  within  half  an  inch.  Some 
precautions  are  necessary  in  making  these  observations  ;  if  a  rope  is  used,  it 
may  stretch  with  use  or  in  wet  weather,  or  contract  in  a  dry  hot  wind,  and 
thereby  make  the  observation  incorrect ;  local  conditions  of  weUs,  proximity 
to  rivers,  &c.,  must  be  learnt,  else  what  may  be  termed  local  alterations  in  a 
well  may  be  wrongly  supposed  to  mean  changes  in  the  general  level  of  the 
ground  water.  It  is  necessary,  therefore,  to  make  the  observations  simul- 
taneously in  many  wells  and  over  a  considerable  district.  The  observations 
should  be  made  not  less  often  than  once  a  fortnight^  and  oftener  if  possible, 
and  be  carried  on  for  a  considerable  time  before  any  conclusions  are  drawn.* 

Method  of  rendering  Soil  Drier, — There  are  two  plans  of  doing  this, — deep 
drainage  and  opening  the  outflow.  The  laying  down  of  sewers  often  carries 
oflf  water  by  leaving  spaces  along  the  course  of  the  sewers  ;  in  some  cases 
special  drains  for  ground  water  have  been  laid  by  the  side  of  the  sewers,  and 
in  very  wet  soils  this  seems  a  good  measure.  Deep  soil  drainage  (the  drains 
being  from  8  to  12  feet  deep  and  10  to  20  feet  apart)  is  useful  in  all  soils 
except  the  most  impermeable,  and  in  the  tropics  should  be  carried  out  even  on 
what  are  apparently  dry  sandy  plains. 

In  some  cases  soil  may  be  rendered  drier  by  opening  the  outflow.  This  is 
an  engineering  problem  which  physicians  can  only  suggest.  The  clearing  of 
water-courses,  removal  of  obstructions,  and  formation  of  fresh  channels,  are 
measures  which  may  have  an  effect  over  very  large  areas  which  could  not  bo 
reached  by  ordinary  drainage. 

Sub-Sbc5Tion  II. 
Solid  Constituents  of  the  Soil. 

There  are  certain  general  features  which  can  be  conveniently  considered  first. 

1.  Conformation  and  Elevation. — The  relative  amounts  of  hill  and  plain  • 
the  elevation  of  the  hills ;  their  direction ;  the  angle  of  slope ;  the  kind,  size^ 
and  depth  of  valleys  ;  the  chief  water-sheds,  and  the  direction  and  discharge 
of  the  water-courses ;  the  amount  of  fall  of  plains,  are  the  chief  points  to  be 
considered. 

Among  hiUs,  the  unhealthy  spots  are  inclosed  valleys,  punch-bowls,  any 
spot  where  the  air  must  stagnate ;  ravines,  or  places  at  the  head  or  entrance 
of  ravines. 

In  the  tropics,  especially,  ravines  and  nullahs  are  to  be  avoided,  as  they  are 
often  filled  with  decaying  vegetation,  and  currents  of  air  frequently  traverse 
them.  During  the  heat  of  the  day  the  current  of  air  is  up  the  ravine  *  at 
night  down  it  As  the  hills  cool  more  rapidly  than  the  surrounding  plains, 
the  latter  current  is  especially  dangerous,  as  the  air  is  at  once  impure  and  cold. 
The  worst  ravine  is  a  long  narrow  valley,  contracted  at  its  outlet,  so  as  to  dam 
up  the  water  behind  it.  A  saddleback  is  usually  healthy,  if  not  too  much 
exposed  ;  so  are  positions  near  the  top  of  a  slope.     One  of  the  most  difficult 


*  Pettenkofer  also  uses  a  large  float  which  is  suspended  by  a  chain  trayelling  over  a  pulley  • 
this  supports  an  indicator  at  its  other  end,  which  marks  the  height  on  a  fixed  scale.  ' 
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points  to  determine  in  hilly  regions  is  the  probable  direction  of  winds ;  they 
are  often  deflected  from  their  course,  or  the  rapid  cooling  of  the  hills  at  night 
produces  alteration. 

On  plains  the  most  dangerous  points  are  generally  at  the  foot  of  hills, 
especially  in  the  tropics,  where  the  water,  stored  up  in  the  hills,  and  flowing 
to  the  plain,  causes  an  exuberant  vegetation  at  the  border  of  the  hills. 

A  plain  at  the  foot  of  hills  may  be  healthy,  if  a  deep  ravine  cuts  off  com- 
pletely the  drainage  of  the  hill  behind  it 

The  next  most  dangerous  spots  are  depressions  below  the  level  of  the  plain, 
and  into  which  therefore  there  is  drainage.  Even  gravelly  soils  may  be  damp 
from  this  cause,  the  water  rising  rapidly  through  the  loose  soil  from  the 
pressure  of  higher  levels. 

Elevation  acts  chiefly  by  its  effect  in  lessening  the  pressure  of  the  air,  and  in 
increasing  the  rapidity  of  evaporation  (see  Climate).  It  has  a  powerful  effect 
on  marshes  ;  high  elevations  lessening  the  amount  of  malaria,  partly  from  the 
rapid  evaporation,  partly  from  the  greater  production  of  cold  at  night.  Yet, 
malarious  marshes  may  occur  at  great  elevations,  even  6000  feet  (Erzeroum 
and  Mexico). 

2.  Vegetation. — The  effect  of  vegetation  on  ground  is  very  important  In 
cold  climates  the  sun's  rays  are  obstructed,  and  evaporation  from  the  ground 
is  slow  ;  the  ground  is  therefore  cold  and  moist,  and  the  removal  of  wood 
renders  the  climate  milder  and  drier.  The  extent  to  which  trees  impede  the 
passage  of  water  through  the  soil  \b  considerable. 

In  hot  countries  vegetation  shades  the  ground,  and  makes  it  cooler.  The 
evaporation  from  the  surface  is  lessened  ;  but  the  evaporation  from  the  vege- 
tation is  so  great  as  to  produce  a  perceptible  lowering  effect  on  the  temperature 
of  a  place.  Pettenkofer  has  lately  calculated  that  an  oak  tree  which  had 
751,592  leaves,  had  during  the  summer  months  (May-October)  an  evaporation 
equal  to  539*1  centimetres  (^212  inches),  while  the  rainfall  was  only  65 
centimetres  (  »  25*6  inches) ;  so  that  the  evaporation  was  8^  times  the  rain- 
fall j  this  shows  how  much  water  was  abstracted  &om  the  soil,  and  how  the 
air  must  have  been  moistened  and  cooled.* 

The  hottest  and  driest  places  in  the  tropics  are  those  divested  of  trees,  f 

Vegetation  produces  also  a  great  effect  on  the  movement  of  air.  Its  velocity 
is  checked  ;  and  sometimes  in  thick  clusters  of  trees  or  underwood  the  air  is 
almost  stagnant  If  moist  and  decaying  vegetation  be  a  coincident  condition 
of  such  stagnation,  the  most  fatal  forms  of  malarious  disease  are  produced. 

Vegetation  may  thus  do  harm  by  obstructing  the  movement  of  air ;  on  the 
other  hand,  it  may  guard  from  currents  of  impure  air.  The  protective  influ- 
ence of  a  belt  of  trees  against  malaria  is  most  striking. 

In  a  hygienic  point  of  view,  vegetation  must  be  divided  into  herbage,  brush- 
wood, and  trees  ;  and  these  should  be  severally  commented  on  in  reports. 

Herbage  is  always  healthy.  In  the  tropics  it  cools  the  ground,  both  by  ob- 
structing the  sun  s  rays,  and  by  aiding  evaporation  ;  and  nothing  is  more 
desirable  than  to  cover,  if  it  be  possible,  the  hot  sandy  plains  of  the  tropics 
with  close-cut  grass. 


*  Becent  obeenrations  in  Algeria  (Gimbert),  show  that  the  Eucalyptus  aMnduft  absorbs  and 
evaporates  12  times  the  rain-fall ;  extremely  malarious  places  being  rendered  healthy  in  this 
way  in  four  or  five  years. 

t  It  has  been  proposed  (by  Mr.  Milne  Home)  to  plant  trees  at  Malta,  with  the  view  of 
improving  and  regulating  the  water-supply. 

Mr  llobert  L.  Stevenson  has  considered  the  thermal  influence  of  forests,  in  a  paper  in  the 
Proceedings  of  the  Royal  Society  of  Edinburgh,  (19th  May  1878).  Sin^e  trees  act  as  bad 
~""''""*'Ors;  the  air  of  forests  is  generally  cooler  than  free  air,  and  certainly  cooler  th^n 
lands ;  forests  heat  the  air  during  the  day  and  chill  it  at  night. 


conductors 
cleared 
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Brushwood  is  finqnentl j  bad^^and  should  often  be  lemoved  There  is,  how- 
ever, evidence  that  tiie  removal  of  brushwood  from  a  marsh  has  increased  the 
evolution  of  malaiiay  and  that^  like  trees,  brushwood  may  sometimes  offer  ob- 
struction to  the  passage  of  malariai  It  must  also  be  remembered  that  its  re- 
moval will  sometimes,  on  account  of  the  disturbance  of  the  ground,  increase 
malarious  disease  for  the  time ;  and  therefore,  in  the  case  of  a  temporary  camp 
in  a  hot  malarious  country,  it  is  often  desirable  to  avoid  disturbing  it.  When 
removed,  the  work  should  be  carried  on  in  the  heat  of  the  day,  t.e.,  not  in  the 
early  morning,  or  in  the  evening. 

Trees  should  be  removed  with  judgment  In  cold  countries  they  shelter 
from  cold  winds  ;  in  hot^  they  cool  the  ground ;  in  both,  they  may  protect 
from  malarious  currents.  A  decided  and  pernicious  interference  with  the 
movement  of  air  should  be  ahnost  the  only  reason  for  removing  them.  In 
some  of  the  hottest  countries  of  the  world,  as  in  Southern  Burmah,  the  in- 
habitants place  their  houses  under  the  trees  with  the  best  effects  ;  and  it  was 
a  rule  with  the  Bomans  to  encamp  their  men  under  trees  in  all  hot  countries. 

The  kind  of  vegetation,  except  as  being  indicative  of  a  damp  or  dry  soil, 
does  not  appear  to  be  of  importance. 

Absorption  of  Heat, — ^The  heat  of  the  sun  is  absorbed  in  ditierent  amounts 
by  different  soils  equally  shielded  or  unshielded  by  vegetation.  The  colour 
of  the  soil  and  its  a^;regation  seem  chiefly  to  determine  it  The  dark,  loose, 
incoherent  sands  are  the  hottest ;  even  in  temperate  climates  Arago  found  the 
temperature  of  sand  on  the  surface  to  be  122''  Fahr.,  and  at  the  Cape  of  Grood 
Hope  Herschel  observed  it  to  be  no  less  than  159°.*  The  heating  power  of 
the  sun's  rays  is  indeed  excessive.  In  India,  the  thermometer  placed  on  the 
ground  and  exposed  to  the  sun  will  mark  160°  (Buist),  while  2  feet  from  the 
ground  it  will  only  mark  120°.  Buist  thinks  that  if  protected  from  currents 
of  air  it  would  mark  212°  when  placed  on  the  ground  The  absorbing  and 
radiating  powers  of  soil  are  not  necessarily  equal,  though  they  may  be  so. 
Generally  the  radiating  power  is  more  rapid  than  the  absorbing  ;  soils  cool 
more  rapidly  than  they  heat  Some  of  the  marshes  in  Mexico  cool  so  rapidly 
at  night  that  the  evolution  of  malaria  is  stopped,  and  the  marsh  is 
not  dangerous  during  the  night  A  thermometer  marked  32°  Fahr.  on  the 
ground,  while  16  feet  above  the  ground  it  marked  50°  Fahr.  (Jourdanet). 

In  Calcutta,  Lewis  and  Cunningham  {op.  dt,)  found  that  the  temperature 
of  the  soil  varied  with  the  season.  In  hot  weather  the  thermometer  stood 
highest  in  the  air,  next  highest  in  the  upper  stratum  of  the  soil,  and  lowest 
in  the  lower  stratum.  In  cold  weather  l^e  conditions  were  exactly  reversed, 
the  air  being  coolest  and  the  lowest  stratum  of  soil  the  hottest  During  rain,, 
however,  these  relations  were  not  constant 

With  regard  to  absorbing  power,  the  following  table  by  Schiibler  contains 
the  only  good  experiments  at  present  known  : — 

Power  of  retaining  heat ;  100  heing  assumed  as  the  standard. 

Sand  with  some  lime,  •  100  Clayey  earth,              .         .  68*4 

Pure  sand,     .        .  .  96-6  Pure  clay,          .         .        .  667 

light  clay,     .        .  .  76-9  Fine  chalk,        .         .         .  61-8 

Gypsum,        .        .  .  73*2  Humus,     ....  49 

Heavy  clay,  .        .  .  71*11 

The  great  absorbing  power  of  the  sands  is  thus  evident,  and  the  compara- 
tive coldness  of  the  days  and  humus.  Herbage  lessens  greatly  the  absorbing 
power  of  the  soil,  and  radiation  is  more  rapid.     On  the  Orinoco,  a  naked 

*  Meteorology,  p.  4. 
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granite  lock  has  been  known  to  hare  a  temperature  of  118'  Fahr.,  wHle  an 
luljaoent  rock,  covered  with  grass,  had  a  temperature  32°  lower. 

In  cold  countries,  therefore,  the  clayey  soils  are  cold,  and  as  the j  are  also 
damp,  they  favour  the  production  of  rheumatism  and  catarrhs  ;  the  sands 
are,  therefore,  the  healthiest  soOs  in  this  respect,  In  hot  countries  the  sands 
are  objectionable  from  their  heat,  unless  they  can  be  covered  with  grass. 
They  sometimes  radiate  heat  slowly,  and  therefore  the  air  is  hot  over  them  day 
and  night 

The  sun's  rays  cause  two  currents  of  heat  in  soil :  one  wave  diurnal,  the 
heat  passing  down  in  temperate  climates  to  about  4  feet  in  depth  during  the 
day,  and  receding  during  the  night — ^the  depth,  however,  varying  with  the 
nature  of  the  soil,  and  with  the  season  ;  the  other  wave  is  annual,  and  in 
temperate  climates  the  wave  of  summer  heat  reaches  from  50  to  100  feet 
The  line  of  uniform  yearly  temperature  is  from  57  to  99  feet  below  the  surface 
(Forbes). 

Not  only  does  the  amount  of  radiation  differ  in  different  soils,  but  a  change 
is  produced  in  the  heat  by  the  kind  of  soiL  The  remarkable  researches  of 
Tyndall  have  shown,  that  the  heat  radiated  from  granite  passes  through  aqueous 
vapour  much  more  readily  than  the  heat  radiated  by  water  (though  the  passage 
is  much  more  obstructed  than  in  dry  air).  In  other  words,  the  luminous  heat 
rays  of  the  sun  pass  freely  through  aqueous  vapours,  and  fall  on  water  and 
granite  ;  but  the  absorption  produces  a  change  in  the  heat^  so  that  it  issues 
again  from  water  and  granite  changed  in  quality ;  it  will  be  most  important 
for  physicians  if  other  soils  are  found  to  produce  analogous  changes. 

With  regard  to  the  effect  of  temperature  of  the  soil  on  disease,  it  can  hardly 
be  doubted  that  it  powerfully  influences  malaria,  and  probably  also  aids  the 
progress  of  cholera. 

Befledton  of  Light — ^This  is  a  matter  of  colour ;  the  white  glaring  soils 
reflect  light,  and  such  soils  are  generally  also  hot,  as  the  rays  of  heat  are  also 
reflected.  The  effect  of  glare  on  the  eyes  is  obvious,  and  in  the  tropics  this 
becomes  a  very  important  point  If  a  spot  bare  of  vegetation,  and  with  a 
white  surface,  must  be  used  for  habitations,  some  good  result  might  be  obtained 
by  colouring  the  houses  pale  blue  or  green. 

Chemical  Composition  of  the  Solid  Parts  of  Soils. 

VegetaJble  Matters, — Almost  all  soils  contain  vegetable  matter.  It  exists 
in  three  chief  forms — deposits,  vegetable  dibrls^  and  encrustations.  Deposits 
occur  in  tracts  of  land  which  have  been  covered  by  silt  brought  down  by  floods, 
or  which  have  been  submerged  by  subsidence ;  forests  have  been  thus  buried, 
and  again  elevated.  In  the  marshes  of  the  Tuscan  Maremma,  and  in  many 
other  cases,  the  vegetable  forms  can  be  traced  without  difficulty  to  a  consider- 
able depth,  and  the  structure  is  even  sometimes  little  changed,  although  so 
vast  a  period  of  time  has  elapsed.  Vegetable  debris  produced  by  the  decay 
of  plants  lies  on,  or  is  washed  into,  the  soil,  and  in  this  way  the  ground  may 
be  penetrated  to  great  depths.  In  some  cases,  especially  in  sandy  plains  at 
the  foot  of  bills,  the  rain  brings  down  very  finely-divided  debrisj  and  is 
filterad  as  it  passes  through  the  soil,  so  that  each  particle  of  sand  becomes 
coated  over  or  encrusted  with  a  film  of  vegetable  matter.  If  such  a  plain  be 
subjected  to  alternate  wettings  and  dryings,  and  to  heat,  the  conditions  of 
development  of  malaria  may  be  present  in  great  intensity ;  although  there  is 
not  only  no  marsh,  but  the  sand  is  to  all  appearance  dry  and  pure. 

Animal  matters. — The  remains  of  animals  are  found  in  all  but  the  oldest 
]x>cks ;  generally  the  animal  constituents  have  disappeared,  but  it  is  remark- 
able how  in  some  cases^  even  in  geological  formations  as  old  as  the  tertiary 
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siarata,  some  animal  matter  may  be  found.  On  the  anifaoe  there  is  perhaps 
no  soil  which  does  not  contain  some  animal  matters  derived  from  dead  animals 
or  excreta,  although,  except  in  special  cases,  the  amount  is  smalL  The  soil 
of  countries  which  have  been  long  settled  is,  however,  often  highly  impure  in 
the  neighbourhood  of  habitations  from  the  refuse  (animal  and  vegetable) 
which  is  thrown  out  In  some  loose  soils  cess-pits  used  for  fifty  years  have 
never  been  emptied,  and  are  still  not  full,  owing  to  soakage.*  Pettenkofer 
coi^ectures  that  in  Munich  90  per  cent  of  the  excretions  pass  into  the  ground. 
In  clayey  soil  there  is,  of  course,  much  less  infiltration  than  in  sandy,  and 
often  scarcely  any.  In  India^  the  nitrification  of  vast  tracts  of  land  is  for  the 
most  part  owing  to  the  oxidation  of  animal  refuse. 

A  means  of  purification  from  animal  impregnation  has  been,  however,  pio^ 
Tided  by  oxidation,  and  by  the  influence  of  growing  vegetation.  In  all  soils, 
except  the  hottest  and  driest,  animal  refuse  passes  into  nitrates,  nitrites,  and 
ammonia  and  fatty  hydrocarbons,  rather  rapidly,  and  these  are  eagerly 
absorbed  by  vegetation.  A  means  is  therefore  poiuted  out  which  may  keep 
the  soU  clear  from  dangerous  animal  impregnations,  and  this  is  no  doubt  one 
reason  why  improvement  in  public  health  follows  improved  cultivation.  It 
has  become  quite  dear  that  in  the  plans  for  the  dispiosal  of  the  human  and 
animal  excreta  of  towns,  whether  by  wet  or  dry  methods,  an  essential  part  of 
the  plan  is  to  submit  these  excreta  to  the  influence  of  growing  plants  as  soon 
as  possible. 

MinercU  matters, — ^An  immense  number  of  mineral  substances  are  scattered 
through  the  crust  of  the  earth,  but  some  few  are  in  great  preponderance,  viz., 
compounds  of  silicon,  aluminium,  calcium,  iron,  carbon,  chlorine,  phosphorus, 
potassium,  and  sodium. 

In  examining  the  constituents  of  the  soU  round  any  dwellings,  the  immediate 
local  conditions  are  of  more  importance  than  the  extended  geological  generalisa- 
tions ;  it  Ib,  so  to  speak,  the  house  and  not  the  regional  geology  which  is  of 
use.  Still  the  general  geological  conditions,  as  influencing  conformation  and 
the  movement  of  water  and  air  through  and  over  the  country,  are  of  great 
importance. 

1.  The  CfranitiCf  MetamorpMc^  and  Trap  Rocks, — Sites  on  these  formations 
are  usually  healthy  ;  the  slope  is  great,  water  runs  off  readily  ;  the  air  is  com* 
paratively  dry ;  vegetation  is  not  excessive ;  marshes  and  mahmaaie  compara- 
tively infrequent^  and  few  impurities  pass  into  the  drinking  water. 

When  these  rocks  have  been  weathered  and  disintegrated,  they  are  supposed 
to  be  unhealthy.  Such  soil  is  absorbent  of  water ;  and  the  disintegrated 
granite  of  Hong-Kong  is  said  to  be  rapidly  permeated  by  a  fungus  ;t  but 
evidence  as  to  the  effect  of  disintegrated  granite  or  trap  is  really  wanting. 

In  Brazill  the  syenite  becomes  coated  with  a  dark  substance,  and  looks  like 
plumbago,  and  the  Indians  believe  this  gives  rise  to  ^  calentura,"  or  fevers. 
The  dark  granitoid  or  metamorphic  trap,  or  homblendic  rocks  in  Mysore,  are 
also  said  to  cause  periodic  fevers ;  and  iron  hornblende  especially  was  affinned 
by  Dr  Heyne  of  Madras  to  be  dangerous  in  this  respect  But  the  observa- 
tions of  Bichter§  on  similar  rocks  in  Saxony,  and  the  isi/it  that  stations  on 
the  lower  spurs  of  the  Himalayas  on  such  rocks  are  quite  healthy,  negative 
Heyne's  opinion. 

.  2.  The   Clay  Slate. — ^These  rocks    precisely  resemble   the  granite   and 
granitoid  formations  in  their  effect  on  health.    They  have  usually  much 

•  Gottiaheim  in  Basle  (Das  nnterirdische  Basel,  1868]^ 
t  Ost  Asians  von  C.  Fnedel,  1868. 


X  M'Williams  on  TeUow  Fever  in  Brazn,  d.  7. 
I  Schmidt's  Jahrbtich,  18M,  No.  fi.  p.  m 
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slope ;  aie  very  impermeable ;  Tegetation  is  scanty ;  and  nothing  is  added  to 
air  or  to  drinking  water. 

They  are  consequently  healthy.  Watar,  however,  is  often  scarce ;  and,  as 
in  the  granite  districts,  there  are  swollen  brooks  during  rain,  and  dry  water- 
courses at  other  times  swelling  rapidly  after  rains. 

3.  The  Limegione  and  Magnesian  Limegttme  Rocks. — These  so  far  resemble 
the  former,  that  there  is  a  good  deal  of  slope,  and  rapid  passing-off  of  water. 
Marshes,  howerer,  are  more  common,  and  may  exist  at  great  height&  In  that 
case  the  marsh  is  probably  fed  with  water  from  some  of  the  large  cayitiea, 
which,  in  the  course  of  ages,  become  hollowed  out  in  the  limestone  rocks  by 
the  carbonic  acid  of  the  rain,  and  form  reservoirs  of  water. 

The  drinking  water  is  hard,  sparkling,  and  dear.  Of  the  various  kinds  of 
limestone,  the  hard  oolite  is  the  best,  and  magnesian  is  the  worst ;  and  it  is 
desirable  not  to  put  stations  on  magnesian  limestone  if  it  can  be  avoided. 

4.  Tihe  Chcdk. — ^Tbe  chalk,  when  unmixed  with  clay  and  permeable,  forma 
a  very  healthy  soiL  The  air  is  pure,  and  the  water,  though  chai^ged  with 
carbonate  of  lime,  is  dear,  sparkling,  and  pleasant  Groitre  is  not  nearly  so 
common,  nor  apparently  calculus,  as  in  the  limestone  districts. 

If  the  chalk  be  marly,  it  becomes  impermeable,  and  is  then  often  damp  and 
cold.  The  lower  parts  of  the  chalk,  which  are  underlaid  by  gault  day,  and 
which  also  receive  the  drainage  of  the  parts  above,  are  often  very  malarious ; 
and  in  America,  some  of  the  most  marshy  districts  are  on  the  chalk. 

5.  The  Sandstones. — The  permeable  sandstones  are  very  healthy  ;  both  soil 
and  air  are  dry ;  the  drinking  water  is,  however,  sometimes  impure.  If  the 
sand  be  mixed  with  much  day,  at  if  clay  underlies  a  shallow  sand-rock,  the 
dte  is  sometimes  damp. 

The  hard  millstone  grit  formations  are  very  healthy,  and  their  conditions 
resemble  those  of  granite. 

6.  Gravels  of  any  depth  are  always  healthy,  except  when  they  are  much 
below  the  general  surface,  and  water  rises  through  them.  Gravd  hillocks  are 
the  healthiest  of  aU  sites,  and  the  water,  which  often  flows  out  in  springs  near 
the  base,  being  held  up  by  underlying  clay,  is  very  pure. 

7.  Sands. — There  are  both  healthy  and  unhealthy  sands.  The  healthy  are 
the  pure  sands,  which  contain  no  organic  matter,  and  are  of  considerable 
depth.  The  air  is  pure,  and  so  is  often  the  drinking  water.  Sometimes  the 
drinking  water  contains  enough  iron  to  become  hard,  and  even  chalybeate. 
The  unhealthy  sands  are  those  which,  like  the  subsoil  of  the  Landes,  in 
south-west  France,  are  composed  of  siliceous  particles  (and  some  iron),  held 
togdther  by  a  vegetable  sediment 

In  other  cases  sand  is  unhealthy,  from  underlying  clay  or  laterite  near  the 
Burf ace,  or  from  being  so  placed  that  water  rises  through  its  permeable  soil 
from  higher  levels.  Water  may  then  be  found  within  3  or  4  feet  of  the 
surface;  and  in  this  case  the  sand  is  unhealthy,  and  often  malariou& 
Impurities  are  retained  in  it^  and  effluvia  traverse  it. 

In  a  third  dass  of  cases,  the  sands  are  unhealthy  because  they  contain 
soluble  mineral  matter.  Many  sands  (as,  for  example,  in  the  Pui^jab),  con- 
tain much  carbonate  of  magnesia  and  lime  salts,  as  well  as  salts  of  the 
alkalies.  The  drinking  water  may  thus  contain  large  quantities  of  sodium 
chloride,  sodium  carbonate,  and  even  lime  and  magnesian  salts  and  iron. 
Without  examination  of  the  water,  it  is  impossible  to  detect  these  points. 

8.  Clay,  Dense  Maris,  and  Alluvial  Soils  generally. — ^These  are  always  to 
be  regarded  witb  suspidon.  Water  neither  runs  off  nor  runs  through ;  the 
air  is  moist ;  marshes  are  common ;  the  composition  of  the  water  varies,  but  it 
is  often  impure  with  lime  and  soda  salts.     In  alluvial  soils  there  are  often 
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alternatioiui  of  tliiii  strata  of  sand,  and  buoAj  impermeable  day;  janok 
vegetable  matter  is  often  mixed  with  this,  and  air  and  water  are  both  impure. 
Yast  tracts  of  ground  in  Bengal  and  in  the  othw  parts  of  India,  along  the 
course  of  the  great  rivers  ^the  Ganges,  Brahmapootra,  Indus,  Nertadda, 
Krishna,  &c.),  are  made  up  of  soils  of  this  description,  and  some  of  the  most 
important  stations  even  up  country,  such  as  Cawnpore,  are  placed  on  such 
sites. 

The  deltas  of  great  rivers  present  these  alluvial  characters  in  the  highest 
degree,  and  should  not  be  chosen  for  sites.  If  they  must  be  taken,  only  the 
most  thorough  drainage  can. make  them  healthy.  It  is  astonishing,  however, 
what  good  can  be  effected  by  the  drainage  of  even  a  small  area,  quite 
insufficient  to  affect  the  general  atmosphere  of  the  place ;  this  shows  that  it  is 
the  local  dampness  and  &e  effluvia  which  are  the  most  hurtful 

9.  OuUivated  Soils. — ^Well-cultivated  soils  are  often  healthy,  nor  at  present 
has  it  been  proved  thal^the  use  of  manure  ib  hurtfuL  Irrigated  lands,  and 
especially  rice  fields,  which  not  only  give  a  great  surface  for  evaporation,  but 
also  send  up  organic  matter  into  the  air,  are  hurtfuL  In  Northern  Italy, 
where  there  is  a  very  perfect  system  of  irrigation,  the  rice  grounds  are  ordered 
to  be  kept  14  kilometres  («-8'7  miles)  from  the  chief  cities;  9  kilometres 
(  —  5'6  nules)  from  the  lesser  cities  and  the  forts ;  and  1  kilometre  (  ^  1094 
yards)  from  the  small  towns.  In  the  rice  countries  of  India  this  point  should 
not  be  overlooked. 

10.  Made  Sails. — ^The  inequalities  of  ground  which  is  to  be  built  upon  are 
filled  up  with  whatever  happens  to  be  available.  Very  often  the  refuse  of  a 
town,  the  cinders,  or  dust-heaps,  after  being  raked  over,  and  any  saleable  part 
being  removed,  are  used  for  this  purpose.  In  other  cases,  chemical  or  factory 
refuse  of  some  kind  is  employed.  The  soil  under  a  house  is  thus  often 
extremely  impure.  It  appears,  however,*  that  the  organic  matters  in  soil 
gradually  disappear  by  oxidation  and  removal  by  rain,  and  thus  a  soil  in  time 
purifies  itself.  The  length  of  time  in  which  this  occurs  wUl  necessarily  depend 
on  the  amount  of  impurity,  the  freedom  of  access  of  air,  and  the  ease  with 
which  water  passes  through  the  soiL  In  the  soil  at  Liverpool,  made  from 
cinder  refuse,  vegetable  matters  diBappeared  in  about  three  years  ;  textile- 
fabrics  were,  however,  much  more  permanent ;  wood  and  straw,  and  cloth, 
were  rotten  and  partially  decayed  in  three  years,  but  had  not  entirely 
disappeared.  In  any  made  soU,  it  should  be  a  condition  that  the  transit  of 
water  through  its  exit  from  the  soil  shall  be  unimpeded.  The  practice  of  fill- 
ing up  inequalities  is  certainly,  in  many  cases,  very  objectionable,  and  should 
only  be  done  under  strict  supervision. 

Sub-Sbotiow  IIL 

Malarious  Soils. — Doubts  have  been  expressed  whether  those  paroxysmal 
fevers,  which  are  curable  by  quinine,  are  produced  either  by  telluric  effluvia, 
or  brsubstauces  passii^  from  the  aoU  into^the  diinkiiig  wator.  The  evident 
however,  appears  to  me  conclusive  in  favour  of  both  tiiese  modes  of  entrance 
into  the  body,  although  the  particular  agency  (whether  a  plant  or  some  non- 
organised  effluvium)  has  not  been  recognised.  I  presume  it  may  now  be 
assumed  that  such  fevers  are  not  produced  by  heat  or  electricity,  or  great 
exerdse  in  the  sun,  or  chiU,  or  any  other  alleged  cause  of  the  kind,  but  must 
own  a  special  and  constant  agent  which  can  hardly  be  a  gas.  The  efficient 
condition  is  apparently  some  kind  of  decomposition  or  fermentation  going  on 

*  See  Beport  on  the  Health  of  LiTerpool,  by  Dr  Bnrdon  Saadenon,  and  the  author,  p.  % 
etseq. 
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in  the  eoil^  especially  whdn  the  conditionB  come  together  of  organic  matter  in 
the  soil,  of  moisture,  heat,  and  limited  access  of  air. 

If  it  he  asked,  What  exact  chemical  conditions  of  soil  produce  the  malaria 
which  causes  periodical  fevers  f  the  answer  cannot  he  given,  hecause  no  great 
chemist  has  ever  systematically  prosecuted  this  inquiiy,  and,  in  f act^  it  may 
he  said  that^  singularly  enough,  there  are  few  good  analyses  of  malarious  soils^ 
although  no  prohlem  is  perhaps  more  important  to  the  human  race.  It  seems 
pretty  clear  that  the  mineral  constituents  of  the  soil  are  of  little  or  no  conse- 
quence. Malaria  will  prevail  on  chalk,  limestone,  sand,  and  even,  under 
special  conditions,  on  granite  soils. 

The  following  soils  have  heen  known  to  cause  the  evolution  of  the  agent 
causing  periodical  fevers  in  the  malarious  zone. 

1.  Marshes, — ^Except  those  with  peaty  soils,  those  which  are  regularly  over- 
flowed hy  the  sea  (and  not  occasionally  inundated),*  and  the  marshes  in  the 
southern  hemisphere  (Australia,  JSTew  Zealand,  New  Caledonia),  and  some 
American  marshes,  which,  from  some  as  yet  unknown  condition,  do  not  pror 
duce  malaria. 

The  chemical  characters  of  well-marked  marshes  are  a  large  percentage  of 
water,  hut  no  flooding  ;  a  large  amount  of  organic  matter  (10  to  45  per  cent) 
with  variahle  mineral  constituents  ;  silicates  of  alumina ;  sulphates  of  lime, 
magnesia  and  alkahes  ;  carhonate  of  lime,  &c.  The  sur&use  is  flat^  with  a 
slight  drainage  ;  vegetation  is  generally  ahundani 

The  analyses  of  the  worst  malarious  marshes  show  a  large  amount  of  vege- 
table organic  matter.  A  marsh  in  Trinidad  gave  35  per  cent ;  the  middle 
layer  in  the  Tuscan  Maremma  30  per  cent  The  organic  matter  is  made  up 
of  humic,  ulmic,  crenic,  and  apocrenic  acids — cdl  substances  which  require  re- 
newed investigation  at  the  hands  of  chemists.  Vegetable  matter  embedded 
in  the  soil  decomposes  very  slowly  ;  in  the  Tuscan  Maremma,  which  must 
have  existed  many  centuries,  if  not  thousands  of  years,  many  of  the  plants 
are  still  undestroyed  The  ^ow  decomposition  is  much  aided  by  heat,  which 
makes  the  soil  alkaline  from  ammonia  (Angus  Smith),  and  retarded  by  cold, 
which  makes  the  ground  add,  especially  in  the  case  of  peaty  soils. 

It  would  now  seem  tolerably  certain  that  the  growing  vegetation  covering 
marshes  has  nothing  to  do  with  the  development  of  malaria. 

2.  AUuvial  Sails, — ^Many  alluvial  soils,  especially,  as  lately  pointed  out  by 
Wenzel,t  those  most  recently  formed,  give  out  malaria,  although  they  are  not 
marshy.  It  is  to  be  presumed  that  the  newest  alluvium  contains  more  organic 
matters  and  salts  than  the  older  formations.  Many  alluvial  soOs  have  a  flat 
surface,  a  bad  outfall,  and  are  in  the  vicinity  of  streams  which  may  cause 
great  variations  in  the  level  of  the  ground  water.  Mud  banks  aUo,  on  the 
side  of  large  streams,  especially  if  only  occasionally  covered  with  water,  may 
be  highly  malarious  ;  and  this  is  the  case  also  with  deltas  and  old  estuaries. 

3.  The  soils  of  tropical  valleys,  ravines,  and  nullahs.      In  many  cases  large 

'  *  The  effect  of  salt  water  on  marshes  is  a  problem  which  has  heen  mnch  debated,  and  I 
believe  the  statement  in  the  text  reconciles  most  opinions.  It  was  the  older  writers  (Sylvins, 
Landri,  and  Pringle)  who  insisted  on  the  noxious  qualities  of  exhalations  from  maishes  with 
water  containing  salt,  and  there  is  certain  evidence  that  the  occasional  overflowing  of  the  sea 
in  some  of  the  Italian  marshes,  for  example,  has  been  followed  by  a  great  development  of 
paroxynnal  fevers.  But  there  is  much  evidence  similar  to  that  given  by  Robert  Jackson,  who 
says  ( Fevers  in  Jamaica,  1791,  p.  4) : — "  I  have  never  founa  the  neighbouihood  of  salt 
marshes,  in  the  different  parts  of  America  that  I  have  had  an  opportunity  of  visiting,  less 
healthfai  than  the  rest  of  tne  country  ;  on  the  contrary,  they  were  frequently  more  so."  And 
the  case  of  Singapore,  which  has  created  such  surprise,  and  is  cited  even  by  Hirsch  as  an  ex- 
ceptional case,  is  of  tnis  kind ;  the  regular  tidal  overflow,  though  it  causes  the  development  of 
much  sulphuretted  hydrogen,  prevents  the  formation  of  malaria, 
t  Quoted  by  Hirsch.    Jahtesb.,  flir  die  Ges.  Med.,  1870,  band  ii.  p.  209. 
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qtiantitieB  of  vegetable  matto  doIlMit  in  taDeyiB,  and  if  theie  is  any  nanowing 
at  the  ontlet  of  the  valley,  the  overflow  of  the  rains  may  be  impeded.  Such 
valleys  are  often  very  malarious  and  ilie  air  may  drift  np  to  the  height  of 
Bevend  hundred  feet. 

4«  Sandy  plains,  especially  when  situated  at  the  foot  of  tropical  hills,  and 
covered  with  vegetation,  as  in  the  case  of  the  '*  Tend  "  at  the  base  of  some 
parts  of  the  Himalayan  range.  In  other  cases,  the  sandy  plains  are  at  a  dis^ 
tanoe  from  hills,  and  axe  apparently  dry,  and  not  much  subjected  to  the 
influence  of  variations  in  the  ground  water.  The  analysis  of  such  sand  has 
not  been  yet  properly  made,,  but  two  conditions  seem  of  importance.  Some 
sands,  wluch  to  the  eye  appear  quite  free  from  organic  admixture,  contain 
nrach  organic  matter.  Faur^  bias  pointed  out  that  the  sandy  soil  of  the 
Landes  in  south-west  France  contains  a  large  amount  of  organic  matter,  which 
is  slowly  decomposing,  and  passes  into  bo&  air  and  water,  causing  periodical 
fevers.  This  may  reasonably  be  conjectured  to  be  the  case  with  other 
Inalarioos  sands.  •  Then,  under  some  sands,  a  few  feet  from  the  surface,  there 
is  day,  and  the  sand  is  moist  from  evaporation.  Under  a  great  heat  a  small 
quantity  of  organic  matter  may  thus  be  kept  in  a  state  of  change.  This-  is 
especially  the  case  along  the  dned  beds  of  water  courses  and  torrents ;  there 
is  always  a  subterranean  stream,  and  the  soil  is  impregnated  with  vegetable 
matter.  In  other  cases  the  sands  may  be  only  malarious  during  rains  when 
the  upper  stratum  is  moist. 

5.  Certain  hard  rocks  (granitic  and  metamorphic)  have  been  already  noticed 
(p.  339),  especially  when  weathered,  to  have  the  reputation  of  being 
malarious;  more  evidence  is  required  on  this  point  As  Friedel  justly 
remarks  of  Hong-Kong,  it  is  not  the  disintegrated  granite,  per  «e,  which  causes 
the  fever,  but  the  soil  of  the  woods  and  dells,  and  the  clefts  in  the  rocks, 
which  were  derived  from  the  granite,  and  are  soon  filled  with  a  cryptogamic 
vegetation. 

The  magnesian  limestone  rocks  which  have  been  subjected  to  volcanic 
action  have  also  been  supposed  to  be  especially  malarious  (Kirk,  who  instances 
the  rocks  at  Sukkar),  but  the  evidence  has  not  been  yet  corroborated. 

6.  Iron  Soils, — Sir  Eanald  Martin  has  directed  attention  to  the  fact  that 
many  reputed  malarious  soils  contain  a  large  proportion  of  iron.  No  good 
evidence  has  been  adduced  that  this  is  connected  with  malaria,  but  the  point 
requires  further  examination.  The  red  soil  from  Siena  Leone,  which  con- 
tains more  than  30  per  cent  of  oxides  of  iron,  shows  nothing  which  appears 
likely  to  cause  malma**  The  peroxide  of  iron  is  a  strong  oxidising  agent^ 
readily  yielding  oxygen  to  any  oxidisable  substance,  and  regaining  oxygen 
from  the  air.  It  may,  therefore,  assist  in  the  oxidation  of  vegetable  matter 
in  an  iron  soiLf 

7.  In  certain  cases  attacks  el  paroxysmal  fever  have  arisen  from  quite 
localised  conditions  unconnected  with  soil,  which  seem,  however,  to  give  some 
due  to  the  nature  of  the  process  which  may  go  on  in  malarious  ground. 

Frieddt  mentiom  that  in  the  Marine  Hospital  at  Swinemiinde,  near  Stettin, 
a  large  day-ward  was  used  for  convalescents.     As  soon  as  any  man  had  bsen 

•  Analysis  of  the  Red  Eartii  of  Siem  Leone,  by  Asaistant-Sui^geon  J.  A.  B.  Horton,  M.D., 
Army  Medical  Depurtipeiit  Blne-Book,  vol.  viii.  p.  88S. 

f  The  snrfaoe  soil  of  the  Gold  Coast  (Connor's  Hill,  Cape  Coast  Castle),  has  also  been 
analysed  by  Mr.  J.  H.  Waiden,  F.C.S.  (Indian  Medical  Servioe).  It  contained  only  8'28per 
cent,  of  feiric  oxide,  and  a  trace  of  ferrous  oxide  ;  the  otitic  matter  was  only  4*4  per  cent. 
The  surface  soU  is  only  eight  inches  thick,  and  below  this  is  a  stratnm  of  a  dark  red  oolonr, 
like  burnt  bricks,  probably  containing  more  iron.  The  sample  above-mentioned  was  brought 
home  by  Snrgeon-mijor  J.  Fleming.  A.M.D.    (Army  Medical  Reports,  vol  ziv.  p.  264}, 

$  Ost.  Asiena.  Berlin,  1863»  p.  888. 
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in  this  ward  for  two  or  three  dajs,  he  got  a  bad  attack  of  tertian  ague.  In 
no  other  ward  did  this  occur,  and  the  origin  of  the  fever  was  a  mystery, 
until,  on  close  inspection,  a  large  rain  cask  full  of  rotten  leaves  and  bnuiiwood 
was  found ;  this  had  overflowed,  and  formed  a  stagnant  marsh  of  4  to  6 
square  feet  close  to  the  doors  and  windows  of  the  room,  which,  on  account  of 
the  hot  weather,  were  kept  open  at  night  The  nature  of  the  effluvium  was 
not  determined. 

Dr  Holden*  relates  an  instance  in  which,  on  board  a  ship  at  sea,  eight  cases 
of  ague  occurred  from  the  emanations  of  a  large  quantity  of  mould  which  had 
formed  in  some  dosed  store-rooms,  which  were  escposed  to  the  bUge  water,  f 

SECTION  IL 

EXAMINATION  OF  SOIL. 

Mechanical  Ckmditian  of  Sail, — ^The  degree  of  density,  friabilicy,  and 
penetration  by  water,  should  be  determined  both  in  the  surface  and  subsoiL 
Deep  holes,  6  to  12  leet^  dtiould  be  dug,  and  water  poured  on  portions  of  the 
BoiL  Holes  should  be  dug  after  rain,  and  the  depth  to  which  the  run  has 
penetrated  observed.  In  this  way  the  amount  of  dryness,  the  water-level, 
and  the  permeability,  can  be  easily  ascertained* 

The  surface  or  subsoil  can  also  be  mechanically  analysed  by  taking  a 
weighed  quantity  (100  grammes)^  drying  it,  and  then  picking  out  all  the 
large  stones  and  weighing  them,  passing  through  a  sieve  the  fine  particles,  and 
finally  separating  the  finest  particles  from  the  coarser  by  mixing  with  water, 
allowing  the  denser  particles  to  subside,  and  pouring  off  the  finer  suspended 
particles.  The  weight  of  the  large  stones,  plus  the  weight  of  the  stones  in  the 
sieve  and  of  the  dried  coarser  particles,  deducted  from  the  total  weight,  gives 
the  amount  of  the  finely  divided  substance,  which  is  probably  nlicate  of 
aluminium. 

TemperoJture. — ^The  tempemture  at  a  depth  of  2  or  3  feet,  at  2  to  4  o'clock 
in  the  afternoon,  would  be  an  important  point  to  determine  in  the  tropics^ 
and  also  the  temperature  in  early  morning.  At  present  such  observations, 
though  very  easily  taken,  and  obvioudy  very  instructive,  are  seldom,  if  ever 
made;  although  a  commencement  in  that  direction  has  been  made  in  the 
investigations  of  Messrs  Lewis  and  Cunningham  at  Galcutta|.  It  might  also 
be  useful  to  take  a  certain  depth  of  soil,  say  6  inches,  and,  placing  a  thermoBEieter 
in  it^  determine  the  height  of  the  thermometer  on  exposure  to  the  sun's  says 
for  a  given  time  at  a  certain  hour. 

Chemical  £xamnaiion.~lihe  chemioal  constituents  of  soil  are,  of  course^ 
as  numerous  as  the  elements ;  more  than  500  minerals  have  bcien  actually 
named.  But  certain  substances  are  very  rare,  and,  for  the  physidan,  the 
chief  constituents  of  soils  are  the  following  substances  or  combinations : — 
Silica,  alumina,  lime,  iron,  magnesia,  chlorine,  carbonic  acid,  phosphoric  add, 
nitric  add.  A  few  dmple  tests  are  often  very  useful,  if  we  are  uncertain 
what  kind  of  rock  we  have  to  deal  with.  Few  persons  could  mistake  granite^ 
trap,  gneiss,  or  rocks  of  that  class ;  or  day-slate  or  crystalline  limestone. 
But  fine  white  sandstones,  or  freestone,  or  even  fine  millstone  grit^  might  be 
confounded  with  lime  rocks,  or  magnesian  limestone.     A  few  drops  of 

*  Ameiican  Journal  of  Med.  Science,  January  1866. 

f  Staff-surgeon  P.  Manafield,  B.N.,  recounts  an  outbreak  of  jtXLvw  remittent  fever  on  board 
ahip  at  Rio,  coincident  with  the  growth  of  an  enormous  quantity  of  gigantic  foagaaln  tiie  hold. 
It  seeips  unlikely,  however,  that  thia  waa  more  than  a  coinoideaoe. 

X  Op.  cU, 
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hydrochloric  acid  will  often  settle  tihe  questioiiy  as  it  causes  effervescence  in 

the  carhonates  of  lime  and  magneeian  locks.* 

'    A  moie  complete  examination  should  include  the  following  points  :-^ 

1.  Pereentcige  of  Water. — ^Take  10  grammes  of  a  fair  sample  of  soil,  and 
dry  at  a  heat  of  220";  weigh  again;  the  difference  is  water  or  volatile 
suhstance. 

2.  FereeTdage  of  volaitle  mattere  {including  watef\  destroyed  by  indneror 
Hon, — ^Take  another  weighed  portion  of  soil  and  incinerate  at  a  full  red  heat ; 
recarbonate  with  carbonic  acid  solution,  or  with  ammonium  carbonate ;  heat 
to  expel  excess  of  ammonia  ;  dry  and  weigh. 

3.  Absorption  of  Water. — ^Place  the  dned  soil  in  a  still  atmosphere,  on  a 
plate  in  a  thin  layer,  and  reweigh  in  24  hours ;  the  inciiease  is  the  absorbed 

*  It  may  be  useful  to  give  (from  Page's  **  Haiuibook  of  Geological  T»nn«  ")  a  few  oompoei- 
iions,  and  to  define  a  few  of  the  couuuon  mineralogical  words  used  in  geology. 

Ouor^—Crystallised  silica. 
,    /V^ipar.— Silica,  alumina  (trisilicate  of  alumin*),  potash,  or  soda,  and  a  little  line,  magnesia, 

and  ferric  oxide,  ciystallised  or  amorphous. 
Mica. — Silica,  alumina,  ferric  oxide  and  potash,  or  magnesia,  or  lim»,  or  lithia. 
Chlorite, — Mica,  but  with  less  silica  and  more  niagnesia  and  iron. 
Granite, — Composed  of  quartz,  felspar,  and  mica. 
Syenite,  —Hornblende  instead  ot  mica. 
SjfeniHe  granite. — ^Quartz,  felspar,  mica,  and  hornblende. 
Gneiea. — Same  elemenlw  as  granite,  but  the  erystals  of  qnarta  and  felspar  are  broken  and 

indistinct. 
ffomNende.—A.  mineral  entering  largely  i^to  granite  and  trappeun  rocks,  composed  of  silica 

(47  to  60),  magnesia  (14  to  ^),  lime  (7  to  14),  with  a  litde  alumina,  fluorine,  and  ferrous 

oxide. 
Augite.—JAke  hornblende,  only  less  silica  (does  not  resist  aeids). 
Hypersthene, — Like  augite,  only  with  very  little  lime  ;  it  contains  silica,  magnesia,  and  iron ; 

resists  acids. 
'    Greenstone. —Hard  gruiular  ery^alline  varieties  of  trap>  felspar^  and  homblende,  or  felspar 

and  augite. 
Aiso^.— Augite  and  felspar,  olivine,  iron  pyrites,  &c. 
Trof. — ^Tabular  greenstone  and  bmalt, 
SchisL—k  term  applied  to  the  rocks  mentioned  above,  wjiien  tbey  are  foliated  or  split  up  Into 

irregular  plates. 
Clay-Slate. — Argillaceous  arenaceous  rockf,  with  more  or  less  marked  cleavage. 
LimeUone. — ^All  varieties  of  hard  racks,  comsisting  ohisfly  of  carbonate  of  lime. 
Oolite. — Limestone  made  up  of  small  rounded  grains,  compact  or  crystalline,  like  the  roe  of 

aflsh. 
OAa£b.— Soft  ealdiim  carfa«naie. 
Magnuiam  Limeitime.—A3ur  Uneston*  eentaining  20  per  oent.  of  a  salt  of  magnesia,  tn* 

quently  not  tfrystallisea. 
J>olomite. — Orystalliied  macnesian  limestone. 

Kuntiir,—A  term  used  in  utdia  to  denote  nodular  miBsea  of  iffl)>iiie  calcium  oari>onata. 
Oypeum—Seleniie. — Sulphate  of  calcium. 
Ofuoel. — ^Water-wom  and  xoHBtled  fragments  of  any  rock,  chiefly  quarts ;  size,  fh>m  a  pea 

to  a  hen's  egg. 
iSbnm(.— Same,  only  partielei  less  than  a  pea. 

iS(Mub<on«.— Consolidated  sai>d ;  the  particles  held  together  often  by  lime^  day,  and  ferrio 
(  oxide. 

Freestone.— Any  rock  which  can  be  cut  readily  by  the  builder ;  usuaUy  applied  to  sandstone. 
MiUeUme  grit, — Hard  gritty  sandstone  of  the  carboniferous  series,  used  for  millstones.    Qrit 

is  the  term  generally  used  when  the  particles  are  larger  and  sharper  than  in  ordinary 

sandstone. 
CToy.— Silicftte  of  alumina. 
Oreensand.— Lower  portion  of  the  chalk  system  in  England :  sand  coloured  by  chloritous 

silicate  of  iron. 
Marl. — Lime  and  clay. 
Laterite, — ^A  term  much  wed  in  India  to  denote  a  more  or  less  elayey  stratum  which  undeiiiea 

much  of  the  sand  in  Bengal,  some  parts  of  Burmah,  Bombay  presidency,  &c. 
Conglomeraie.^BockB  composed  of  consolidated  gravels  {i.e,,  the  fragments  water-worn  and 

rounded). 
Uraeeui.— Bocks  oomposed  of  ttngulat  (not  water-worn)  fragments  (voksnic  bnoda,  osseous 

breoeia,  calcareous  brecda). 
;    Shale,— A,  term  applied  to  sU  clayey  or  sandy  formations  with  lamination ;  it  is  often  consoU- 

dated  aad  httdened  mud. 
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water.     An  equal  portion  of  pure  sand  should  be  treated  in  the  same  way  al 
a  standard.     It  would  be  well  to  note  the  humidity  of  the  air  at  the  time. 

4.  Power  ofkclding  Water, — ^Thoroughly  wet  100  grammes,  drain  off  water 
as  far  as  poBsible,  and  weigh ;  the  experiment  is,  however,  not  precise. 

5.  Substances  taken  up  by  Water, — This  is  important,  as  indicating  whether 
drinking  water  is  likely  to  become  contaminated.  Rub  thoroughly  10 
grammes  in  pure  cold  water,  filter  and  test  for  organic  matter  by  chloride  of 
gold,  or  by  evaporation  and  careful  incineration;  test  also  for  chlorine, 
sulphuric  acid,  lime,  alumina,  iron,  nitric  acid  (see  Watbb,  page  69,  for  the 
several  tests). 

6.  Substances  taken  up  by  Hydrochlorie  Add, — ^While  water  takes  ap  the 
chlorides  and  the  sulphates  of  the  alkalies,  nitrates,  &c.,  the  greater  part  of 
the  lime,  magnesia,  and  alumina  are  left  undissolved.  The  quantity  can  be 
best  determined  by  solution  in  pure  hydrochloric  acid. 

(a)  To  40  grammes  of  the  soil  add  one  ounce  of  pure  hydrochloric  acid^ 
and  heat;  note  effervescence.  Add  about  100  C.C.  of  water.  Digest  for  12 
hours.     Dry  and  weigh  the  undissolved  portion. 

{b)  To  the  acid  solution  add  ammonia.  Alumina  and  oxide  of  iron  aie 
thrown  down.     Dry  and  weigh  precipitate. 

(e)  To  the  solution  filtered  from  (6)  add  ammonium  oxalate.  Dry;  wadi 
ana  bum  the  calcium  oxalate.     Weigh  as  carbonate  (see  page  81,  footnote). 

{d)  To  the  solution  filtered  from  (c)  add  sodium  phosphate.  Collect ;  dry 
ana  weigh  (100  parte  of  the  precipitate  =  79  parts  of  tna^rimaanm  carbonate) ; 
or  determine  as  pyrophosphate.     (See  Water.) 

The  portion  insoluble  in  hydrochloric  acid  consists  of  quartz,  clay,  silicates 
of  alumina,  iron,  lime,  and  magnesia.  If  it  is  wished  to  examine  it  further, 
it  should  be  fused  with  three  times  its  weight  of  carbonate  of  sodium,  then 
heated  with  dilute  hydrochloric  acid.  The  residue  is  silica.  The  solution 
may  contain  iron,  lime,  magnesia,  and  alumina.     Test  as  above. 

6.  Iron, — Iron  can  be  determined  by  the  bichromate  of  potassium,  or  by 
the  permanganate.  As  the  latter  solution  is  used  for  other  purposes,  it  is 
oonvenient  to  employ  it  in  this  case. 

Dissolve  10  grammes  of  the  soil  in  pure  hydrochloric  acid  free  from  iron, 
by  aid  of  heat 

Add  a  little  pure  zinc,  and  heat  to  convert  ferric  into  ferrous  salts.  Pour 
off  the  solution  from  the  zinc  that  is  still  undissolved,  and  determine  iron'  by 
potassium  permanganate ;  t.e.,  heat  to  140"*  and  then  drop  in  the  solution  of 
permanganate  till  a  permanent  but  slightly  pink  colour  is  given* 

Preparation  of  Potassium  Permanganate  Solution, 

The  solution  made  for  the  determination  of  organic  matter  in  water  may  be 
used  (see  page  85)^  1  C.C. »  07  milligramme  of  pure  iron. 

SECTION  IIL 

METHOD  OF  EXAMINING  A  LOCALITY  FOR  MILITARY  PURPOSES. 

A  place  should  be  seen  at  all  times  of  the  year,  in  the  wet  as  well  as  in  the 
dry  seasons,  in  the  autumn  and  winter  as  well  as  in  the  spring,  and  at  night 
as  well  as  by  day.     The  following  order  will  be  found  a  convenient  one : — 

1.  Conformation. — ^Height  above  sea-level  and  elevation  of  hills  above  the 
plain.  (Determine  by  mercurial  barometer  or  aneroid,  or,  if  possible,  get  the 
heights  from  an  engineer.)  Angle  of  declivity  of  hills ;  amount  of  hill  and 
plain  ;  number,  course,  and  characters  of  valleys  and  ravines  in  hUls ;  dip  of 


PREPARATION  OF  SITE  FOB  MIUTABY  PUEPOBES.  347 

strata ;  geological  fonnation ;  watershedB  and  courses ;  exposure  to  winds ; 
situation,  amount  and  character  of  winds ;  sunlight,  amount  and  duration ; 
rain,  amount  and  frequency  ;  dust. 

2.  Compodtion, — ^Mineralogical  characters.  Presence  of  animal  or  veget- 
able substonoes  \  amount  and  characters. 

3.  Covering  of  aoU  by  trees,  brushwood,  grass,  &c. 

4.  Points  for  special  examination, — ^Amount  of  air ;  of  moisture.  Height 
of  subsoil  water,  at  the  wettest  and  driest  seasons.  Changes  in  level,  and 
rapidity  of  change  of  subsoil  or  ground  water.  Condition  of  vegetable  con- 
stituents ;  examination  of  substances  taken  up  by  water,  &c 

Such  a  complete  examination  demands  time  and  apparatus,  but  it  is  quite 
necessary. 

A  fair  opinion  can  then  be  formed ;  but  if  a  large  permanent  station  is  to 
be  erected,  it  is  always  desirable  to  recommend  that  a  temporary  station 
should  be  put  up  for  a  year,  and  an  intelligent  officer  should  oe  selected  to 
observe  the  effect  on  health,  to  take  meteorological  observations,  and  to 
examine  the  water  at  different  times  of  the  year.  Sometimes  a  spot  more 
eligible  than  that  originally  chosen  may  be  found  within  a  short  distance,  and 
the  officer  should  be  instructed  to  keep  this  point  in  view. 

The  medical  officer  has  nothing  to  do  with  military  considerations  or  ques- 
tions of  supply,  but  if  he  is  able  to  suggest  anything  for  the  information  of 
the  authorities,  he  should  of  course  do  so. 

The  opinion  of  lind,  whose  large  experience  probably  surpassed  that  of  his 
contemporaries,  and  of  our  own  time,  should  be  remembered.* 

In  choosing  a  site  for  'a  temporary  camp,  so  elaborate  an  examination  is  not 
possible.  But  as  far  as  possible  the  same  rules  should  be  attended  to.  There 
ifi^  however,  one  difference — ^in  a  permanent  station  water  can  be  brought  from 
some  distance ;  in  a  temporary  station  the  water  supply  must  be  near  at  hand, 
and  something  must  be  given  up  for  this-f  The  banks  of  rivers,  if  not 
marshy,  may  be  chosen,  care  being  taken  to  assign  proper  spots  for  watering, 
washing,  &c.,  as  laid  down  in  the  chapter  on  Water.  A  river  with  marshy 
banks  must  never  be  chosen  in  any  climate,  except  for  the  most  imperative 
military  reasons  ;  it  is  better  to  have  the  extra  labour  of  carrying  water  from 
a  distance. 

A  site  under  trees  is  good  in  hot  countries,  but  brushwood  must  be  avoided* 

SECTION  ly. 

PBEPARATION  OF  SITE  FOB  MILITARY  PURPOSES. 

In  any  locality  intended  to  be  permanently  used,  the  ground  should  be 
drained  with  pipe  drains.  Even  in  the  driest  of  the  loose  soils  this  is  desir- 
able, especially  in  hot  climates,  where  the  rainfall  is  heavy.  In  impermeable 
rocky  districts  it  is  less  necessary.  The  size,  depth,  and  distance  of  the  drains 
will  be  for  the  engineer  to  determine  ;  but  generally  deep  drains  (4  to  8  feet 
in  depth,  and  12  to  18  feet  apart)  are  the  best  If  there  is  no  good  fall,  it 
has  been  proposed  to  drain  into  deep  pits  ;  but  usually  an  engineer  will  get  a 
fall  without  such  an  expedient  A  good  outfall,  however,  should  be  a  point 
always  looked  to  in  choosing  a  station.     These  drains  are  intended  to  carry 

*  "  The  most  healthy  oonntries  in  the  world  contain  spots  of  ground  where  strangers  are  sub- 
ject to  sickness.  There  is  hardly  to  be  fonnd  any  large  extent  of  continent,  or  even  any  island, 
that  does  not  contain  some  places  where  Enropeans  may  ei^'oy  an  nnintemipted  state  of  health 
durinff  all  seasons  of  the  year."  — Lind,  Diseases  qfiuropeans  in  Hot  Climates,  4th  edition, 

t  See  Remarks  on  this  point,  in  the  Regolations  and  Instmctioai  for  Bncampments,  p.  2, 
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off  subsoil  water,  and  not  surface  water.  This  ktter  should  \»  provided  for 
by  shallow  drains  along  the  natural  outfalls  and  vaUeyB.  As  far  as  drainage 
is  concerned,  we  have  then  to  provide  for  mere  surface  water,  and  for  the 
water  which  passes  below  the  surface  into'  the  soil  and  subsoil 

Brushwood,  should  usually  be  cleared  away,  but  trees  left  untQ  time  is 
given  for  consideration.  In  clearing  away  brushwood,  the  ground  in  the 
tropics  should  be  disturbed  as  little  as  possible  ;  and  if  it  can  be  done,  all 
cleared  spots  should  be  soon  sown  with  grass.  Brushwood  should  not  be 
removed  from  a  marsh. 

In  erecting  the  buildings,  the  ground  should  be  excavated  as  little 
as  possible  ;  in  the  tropics  especially  hills  should  never  be  cut  away.  The 
suif ace  should  be  levelled,  holes  filled  in,  and  those  portions  of  the  surface,  on 
which  rain  can  fall  from  buildings,  well  paved,  with  good  side  gutters.  This 
is  especially  necessary  in  the  tropics,  where  it  is  of  importance  to  prevent  the 
ground  under  buildings  from  becoming  damp ;  but  the  same  principles  apply 
everywhere. 

In  a  temporary  camp  so  much  cannot  be  done ;  but  even  here  it  is  desirable 
to  trench  and  drain  as  much  as  possible.  It  not  unfrequently  happens  in  war 
that  a  camp  intended  to  stand  for  two  or  three  days  is  kept  np  for  two  or  three 
weeks,  or  even  months.  As  soon  as  it  is  clear  that  the  occupation  is  to  be  at 
all  prolonged,  the  same  plans  should  be  adopted  as  in  permanent  stations. 
The  great  point  is  to  carry  off  water  rapidly,  and  it  is  astonishing  what  a  few 
well-planned  surface  drains  will  do. 

The  Bules  for  improving  the  healthiness  of  a  site  maj  be  thus  summarised : — 

1.  Drain  subsoil  and  lower  the  level  of  the  ground  water. 

2.  Pave  under  houses,  so  as  to  prevent  the  air  from  rising  from  the  ground. 

3.  Pave  or  cover  with  short  grass  all  ground  near  buildings  in  malarious 
districts. 

4c.  Keep  the  soil  from  the  penetration  of  impmities  of  all  kinds  by  proper 
arrangements  for  carrying  away  rain,  surface,  and  house  water  and  house  im- 
purities. 


CHAPTER   IX. 
HABITATIONS. 

Whosvkb  considers  carefully  the  lecoid  of  tlie  medisBTal  epidemics,  and  seeks 
to  interpret  them  hy  our  present  knowledge  of  the  causes  of  disease,  will,  I 
believe,  become  convinced  that  one  great  reason  why  those  epidemics  were  so 
frequent  and  so  fatal  was  the  compression  of  the  population  in  faulty  habita- 
tions. Ill-contrived  and  closely  packed  houses,  with  narrow  streets,  often 
made  winding  for  the  purpose  of  defence ;  a  very  poor  supply  of  water,  and 
therefore  a  universal  uncleanliness  ;  a  want  of  all  appliances  for  the  removal 
of  excreta  ;  a  population  of  rude,  careless,  and  gross  habits,  living  often  on 
innutritious  food,  and  frequently  exposed  to  famine  from  their  imperfect 
system  of  tillage, — such  were  the  conditions  which  almost  throughout  the 
whole  of  Europe  enabled  diseases  to  attain  a  range,  and  to  display  a  virulence, 
of  which  we  have  now  scarcely  a  conception.  The  more  these  matters  are  ex- 
amined, the  more,  I  believe,  shall  we  be  convinced  that  we  must  look,  not  to 
grand  cosmical  conditiohs  ;  not  to  earthquakes,  comets,  or  mysterious  waves 
of  an  unseen  and  poisonous  air ;  not  to  recondite  epidemic  constitutions,  but 
to  simple,  familiar,  and  household  conditions,  to  explain  the  spread  and  fatality 
of  the  medisBval  plagues. 

The  diseases  arising  from  faulty  habitations  are  in  great  measure,  perhaps 
entirely,  the  diseases  of  impure  air.  The  site  may  be  in  fault ;  and  from  a 
moist  and  malarious  soil  excess  of  water  and  orgaiCdc  emanations  may  pass  into 
the  house.  Or  ventilation  may  be  imperfect,  and  the  exhalations  of  a  crowded 
population  may  accumulate  and  putrefy ;  or  the  excretions  may  be  allowed  to 
remain  in  or  near  the  house  ;  or  a  general  uncleanliness,  from  want  of  water, 
may  cause  a  persistent  contamination  of  the  air.  And,  on  the  contrary,  these 
five  conditions  insure  healthy  habitations  : — 

1.  A  site  dry  and  not  malarious,  and  an  aspect  which  gives  light  and 

cheerfulness. 

2.  A  ventilation  which  carries  off  all  respiratory  impurities. 

3.  A  system  of  immediate  and  perfect  sewage  removal,  which  shall 

render  it  impossible  that  the  air    shall  be  contaminated  from 
excreta. 

4.  A  pure  supply  and  proper  removal  of  water ;  by  means  of  which  per- 

fect deudineas  of  all  parts  of  the  house  can  be  insured. 

5.  A  construction  of  the  house  which  shall  insure  perfect  dryness  of  the 

foundation,  walls,  and  roof. 

In  other  words,  perfect  purity  and  cleanliness  of  the  air  are  the  objects  to 
be  attained.  This  is  the  fundamental  and  paramount  condition  of  healthy 
habitations ;  and  it  must  over-ride  all  other  considerations.  After  it  has  been 
attained,  the  architect  must  engraft  on  it  the  other  conditions  of  comfort,  con- 
yenience,  and  beauty. 

The  inquiries  which  have  been  made  for  the  last  thirty  years  in  England 
have  shown  how  badly  the  poorer  classes  are  lodged,  both  in  town  and 


350  HABITATIONa 

country,  and  how  urgent  is  the  necessity  for  improyemeni  Various  Acts* 
have  been  passed  for  the  purpose  of  improving  labourers'  cottages  and  other 
small  dwellings,  but  either  from  the  powers  being  insufficient^  or  from  the 
difficulty  of  proving  that  a  dwelling  is  injurious  to  health,  unless  it  is  in 
extremely  bad  condition,  these  Acts  have  had  little  effect 

Up  to  a  certain  point,  there  is  no  difficulty  in  insuring  that  a  small  house 
shall  be  as  healthy  as  a  large  one.  The  site  and  foundations  can  be  made  as 
dry,  the  drains  as  well  arranged,  the  waUs  and  roofs  be  as  sound,  and  the 
water  supply  as  good  as  a  house  of  much  larger  rental  In  fact^  in  one 
respect^  the  houses  of  the  poor  are  often  superior  to  those  of  the  rich,  for  the 
sewers  do  not  open  directly  into  the  houses,  and  sewer  air  is  not  breathed 
during  the  night  But  the  difficulty  in  the  houses  of  the  poor  is  the  over- 
crowding, and  the  impregnation  of  tiie  walls  with  foul  effluvia  and  deposits. 
Considerations  of  cost  will  probably  always  prevent  our  poor  class  of  houses 
from  having  sufficient  floor  and  cubic  space.  These  two  special  difficulties 
must  be  met  by  improved  means  of  warming  and  ventilation,  and  by  covering 
the  interior  waUs  with  a  cement  which  is  non-absorbent^  and  which  can  be 
washed.  Perhaps,  also,  improvements  in  using  cement^  or  other  plans,  will 
eventually  so  lessen  the  cost  of  building  that  larger  rooms  can  be  given  for 
the  same  rental,  and  the  poor  be  taught  to  prize  the  boon  of  an  abundant 
allowance  of  air,  and  not  seek  to  lessen  it  by  crowding  and  underletting. 

Dryness  of  the  foundation  and  walls  of  a  home  is  secured  by  draining  the 
subsoO,  4  to  9  feet  below  the  foundation,!  ai^d,  in  very  wet  day  soil,  by 
paving  or  cementing  under  the  entire  house.  |  The  walls  are  kept  dry  by 
being  imbedded  in  concrete,  which  is  brought  up  to  the  ground  level,  or  by 
the  insertion  in  the  walls  themselves  of  a  waterproof  course  of  slate,  asphalt, 
or  what  is  better,  of  ventilating  vitrified  thin  bricks  (as  devised  by  Mr 
Taylor). 

On  wet  damp  soils,  when  a  house  has  no  cellar,  the  flooring  ought  to  be 
raised  2  feet  above  the  ground,  and  the  space  below  should  be  well  ventilated. 
In  the  tropics,  the  houses  are  often  raised  on  arches  3  to  5  feet  above  the 
ground.  Dryness  of  walls  is  best  secured  by  hollow  wallB,§  or  coating  the 
walls  with  cement^  which  is  kept  painted,  or  with  slates.  Tenarcotta  slabs 
Jiave  been  used,  and  liquid  preparations  (chiefly  alkaline  silicates)  have  been 
brushed  over  the  surface  of  brick  and  stone.  Bricks  are  often  eztiemely 
porous,||  and  a  brick  wall  will  absorb  many  gallons  of  water.H 

Dryness  of  the  roof  should  be  carefully  looked  to  in  every  case,  as  water 
often  gets  to  the  walls  through  a  bad  roof,  and  the  whole  house  becomes 
damp. 

The  condition  of  the  basements  or  cellars,  if  they  exist,  requires  attention. 


*  Labouring  Classes  Dwelling-hoiue  Act,  1866 ;  An  Act  to  provide  better  DwelUnn  foe 
Artisans  and  Labourers,  1868 ;  Artisan's  Dwellings  Act,  1875 ;  yarioos  clauses  in  the  dt&rent 
Public  Health  Acts. 

t  Even  the  walls  of  old  ricketty  cottages  may  be  thoroughly  dried  by  this  means,  (Bogeit 
Field). 

X  For  a  good  diagram  of  a  plan  for  avoiding  damp,  see  Bailey  Denton's  "  Sanitaiy  Engineer* 
insf,"  Plate  I.  p.  66. 

g  Jenning's  patent  Bonding  Brick  is  a  good  plan  for  preventing  moisture  penetrating  ttom 
the  outer  to  the  inner  skin  of  a  hollow  wall.  It  is  a  hollow,  vitrified  brick,  curved  upwards  at 
an  angle  of  46%  so  that  no  water  can  pass  along  it. 

II  An  ordinaiy  brick  will  hold  about  16  oz.  of  water. 

%  Bricks  imperfectly  burned  on  the  outside  of  the  kiln  are  termed  Place,  or  Samel,  or  Sandel 
bricks.  They  absorb  much  water.  The  sun-dried  bricks  of  India  are  very  damp,  and  absorb 
water  from  the  air.  I  am  not  aware  of  the  absorbing  power  of  the  bricks  made  by  compression 
without  burning.  Manv  sandstones  are  veir  porous ;  water  beats  into  them  and  rises  nigh  by 
cauillary  attraction.  lime  made  from  chalk  absorbs  water.  Pis6  is  compressed  earth,  ancL 
tnlesif  covered  with  cement,  is  moist.  . 
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as  the  air  of  the  house  is  so  often  drawn  diiectly  from  them.  They  should 
he  dry,  and  thoroughly  well  ventilated,  and  the  house  pipes,  if  they  run 
down  to  the  hasement^  should  be  always  tmcoyered  so  as  to  be  easily 
inspected,  and  any  bad-fitting  joint,  or  crack,  or  imperfect  trap,  if  there  be 
one  inside  the  house,  be  at  once  remedied. 

The  carrying  off  of  rain  water,  so  as  not  to  sink  into  the  ground  near  the 
house,  is  a  matter  of  importance. 

The  other  points  which  are  necessary  to  secure  a  healthy  house,  viz.,  good 
aspect  and  external  ventilation,  and  sufficient  room  ventilation,  absence  of  all 
conditions  outside  the  house  which  can  contaminate  air  entering  it,  a  proper 
water  supply,  and  due  caie  in  removing  excreta^  are  discussed  in  their  respeo* 
tive  chapters. 

In  examining  a  house  to  discover  the  sources  of  unhealthiness,  it  is  best  to 
begin  at  the  foundation,  and  to  consider  first  the  site  and  basements,  then  the 
living  and  sleeping  rooms  (as  to  size,  cubic  contents,  and  number  of  persons, 
and  condition  of  walls  and  floors),  ventilation,  water  supply,  and  plans  of 
waste  and  sewer-water  removal,  in  regular  order. 

The  following  memorandum  as  to  the  way  in  which  engineers  flyftTpjne  a 
house  has  been  kindly  given  me  by  my  friend  Mr  William  Eassie,  C.E. 

MEMORANDUM. 
WTuU  ia  usually  dwm  hy  SanUary  En^fineera  when  ingpeeting  a  Houm, 

Sa&itary  engineers  consider  that  an  nnnsnal  smell  is  flenendly  the  first  evidence  of 
aomething  wrong,  and  that,  traced  to  its  source,  the  evil  is  half  cured.  They  inspect  fir^t 
the  drainage  arrangements.  If  the  basement  generally  smells  offensively,  they  search  for 
8  leaking  drain-pipe,  t.e.,  a  pipe  badly  jointed  or  broken  by  settlement,  and  these  will 
often  show  themselves  by  a  dampness  of  the  paving  aronnd.  I^  upon  inqoiry,  it  turOs 
oat  that  rats  are  often  seen,  they  coqae  to  the  conclusion  that  the  house  drun  is  in  direct 
communication  with  the  sewer,  or  some  old  brick  barrel-chain,  and  therefore  examine 
the  traps  and  lead  bends  which  join  the  drain-pipes  to  see  if  they  are  gnawed  or  faultv« 
If  the  smell  arises  from  any  particular  sink  or  trap,  it  is  plain  to  them  that  there  is  no 
ventilation  of  the  drain,  and  more  especially  no  disconnection  between  the  house  and 
the  sewer,  or  no  flap-trap  at  the  house-drain  delivery  into  the  sewer.     If  a  country  house 


_  .       .  _  .  ^plosion. 

If  the  trap  is  ftill  of  foul  black  water,  impregnated  with  sewer  air,  they  partly  account 
for  the  smell  by  the  neglect  of  flushing.  If  the  sink,  and  kitehen,  and  scullery  wastes 
are  in  good  order  and  the  smell  is  still  ooservable,  they  search  the  other  cellar  rooms,  and 
frequently  find  an  old  floor-trap  without  water,  broken  and  open  to  the  drain.  If  the 
smell  be  ammoniacal  in  character,  the^  trace  the  stable-drains  and  see  if  they  lead  into 
the  same  pit,  and  if  so,  argue  a  weak  pipe  on  the  route,  especially  if,  as  in  some  London 
mansions,  the  stable-drains  run  from  the  mews  at  the  back,  throtigh  the  house  to  the 
front  street  sewer. 

Should  a  bad  persistent  smell  be  complained  of  mostly  in  the  bedroom  floor,  they  seek 
for  an  untrapped  or  defective  closet,  a  burst  soil-pipe,  a  bad  junction  between  the 
lead  and  the  east  iron  ^rtion  of  the  soil-pipe  behind  the  casings,  &c.,  or  an  improper 
connection  with  the  dram  below.  They  will  examine  how  the  sou-pipe  is  jointed  there, 
and,  if  the  joint  be  Inside  the  house,  will  carefully  attend  to  it.  They  will  also  remove 
the  closet  framing,  and  ascertain  if  any  filth  has  overflowed  and  saturated  the  flooring,  or 
if  the  safe  underneath  the  apparatus  be  full  of  any  liq  uid.  If  the  smell  be  only  occaabnaL 
they  conclude  that  it  has  arisen  when  the  closet  handle  has  been  lifted  in  ordinary  use 
or  to  empty  slops,  and  satisfy  themselves  that  the  soil-pipe  is  unventilated.  They,  more- 
over, examine  tne  bath  and  lavatory  waste-pipes,  if  tney  are  untrapped,  and  if  trapped 
hy  a  sigmoidal  bend,  whether  the  trapping  water  is  not  always  witndrawn  owing  to  the 
syphon  action  in  the  full  running  pipe.  They  will  trace  all  these  waste-pipes  down  to 
the  sewer,  ascertain  if  they  wrongly  enter  the  soil-pipe,  the  closet-trap,  or  a  rain  waters 
pipe  in  connection  with  the  sewer. 

If  the  smell  be  perceived  for  the  most  part  in  the  attics,  and,  as  they  consider,  scarcely 
attributable  to  any  of  the  foregoing  evus,  they  will  see  whether  or  not  the  rain  water 
pipes  which  terminate  in  the  gutters,  are  solely  acting  as  drain  venti]aton»  and  blowing' 
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into  the  donner  wiodowa.    Tkey  will  also  examine  the  ciatens  of  rain  water,  if  there  b* 
any  in  the  other  portions  of  the  attics,  as  ybtj  often  they  are  fiill  of  putridity. 

A  slight  escape  of  impure  air  from  the  drains  may  be  difficult  to  detect,  and  the  smell 
may  be  attributed  to  want  of  ventilation,  or  a  comolication  of  matters  mair  arise  from  a 
i^ight  escape  of  gas.  Neither  are  all  dangerous  smells  of  a  foul  nature,  as  mere  is  a  close 
sweet  smell  which  is  even  worse.  Should  the  drains  and  doubtful  places  have  been  yr^ 
viously  treated  by  the  inmates  to  strongly  smelling  disinfectants,  or  the  vermin  killea  by 
poison,  the  inspectors  of  nuisances  will  imd  it  difficult  to  separate  the  smells.  In  such  a  case, 
nowever,  they  will  examine  the  state  of  the  ground  under  the  basement  flooring,  and  feel 
certain  that  there  are  no  disused  cesspools  or  any  sewage  saturation  of  amy  tort.  They 
will  also  ascertain  if  there  be  any  stop^Mge  in  the  drain-pipes,  by  taking  up  a  vard  trap 
in  the  line  of  the  drain  march,  and  notinj^  the  reappearance  of  the  lime  water  which  tibev 
had  thrown  down  the  sinks.  And  invariably,  after  effecting  a  cure  for  any  evil  which 
had  been  discovered,  thev  will  leave  the  traps  cleaned  out  and  the  drains  well  flushed. 

Besides  the  drainage,  they  will,  especially  if  they  detect  a  bad  and  dank  smell,  see  if 
it  arises  from  the  want  of  a  damp-proof  course  or  of  a  dry  area,  see  if  there  be  a  wet  soil 
under  the  basement  floor,  a  fan%  pipe  inside  the  wall,  an  unsound  leaden  gutter  on  the 
top  of  the  wall,  or  an  overflowing  box  gutter  in  the  roof,  a  leaky  slatage,  a  porous  wall, 
a  wall  too  thin,  and  so  on. 

They  will  also  keep  an  eye  upon  the  condition  of  the  ventilating  arrangements,  and 
whether  the  evils  complained  of  are  not  mainly  due  to  defects  there.  The  imm^iiate 
surroundings  of  the  house  will  also  be  noted,  and  any  nuisances  estimated. 

Sanitary  mspectors,  whilst  examining  into  the  condition  of  the  drains,  always  examine 
the  water  cisterns  at  the  same  time,  and  discover  whether  the  cistern  which  yields  the 
drinking  water  supplies  as  well  the  flushing  water  of  the  closets.  They  will  also  ascertain 
if  the  overflow  pipe  of  this  cistern,  or  if  a  separate  drinking  water  dstem,  passes  directly 
into  the  drain. 

If  the  overflow  pipe  be  syphon-trapped  and  the  water  rarely  changed  in  the  trap,  or 
4>nly  when  the  ball-cock  lb  out  of  order,  they  will  point  out  the  fiallacy  of  such  trapping ; 
and,  speaking  of  traps  generally,  they  will  look  suspiciously  on  every  one  of  tbenii 
endeavour  to  render  them  supererogatory  by  a  thorough  ventilation  and  disconnection  of 
the  drains.* 

SECTION  IL 

Hospitals. 
Chneral  Remarks, 

Of  late  yeais  a  great  nninber  of  works  (English,  French,  German,  and 
American)  have  been  written  on  the  construction  of  hospitals.  This  has  been 
especially  owing  to  the  celebrated  "  Notes  on  Hospitals,"  published  by  Miss 
Nightingale,  after  the  Crimean  war — a  work  the  importance  of  which  it  is 
impossible  to  over-rate — and  to  the  very  useful  pamphlets  of  Mr  Boberton  of 
Manchester.  Among  military  writers,  Eobert  Jackson  in  this,  as  in  all 
other  points,  takes  the  first  rank,  and  his  observations  on  the  construction  of 
hospitals  are  conceived  entirely  in  the  spirit  of  the  best  writings  of  the 
present  day.  In  the  short  space  which  can  be  given  to  the  subject  here,  I  can 
merely  condense  what  has  been  best  said  on  the  subject,  as  applied  especially 
to  military  hospitals,  f  In  the  first  place,  however,  a  few  words  are  necessary 
on  the  general  question. 

Although  the  establishment  of  hospitals  is  a  necessity,  and  marks  the  era 
of  an  advanced  civilisation,  it  must  always  be  remembered  that  if  the  crowd- 
ing of  healthy  men  has  its  danger,  the  bringing  together  within  a  confined  area 
many  sick  persons  is  far  more  perilous.     The  riaks  of  contamination  of  the 

*  Much  useful  information  win  also  be  obtained  fh>m  Sanitary  Arrangements  for  DweUingi^ 
by  W.  Eassie,  C.B.,  and  from  Sanitary  Engineering,  by  J.  Bailey  Denton,  G.E. 

f  For  fuller  details.  Captain  Galton's  work  on  Hospitals  should  be  consulted.  See  also 
Five  Essays  on  Hospital  Plans,  contributed  for  the  John  Hopkins  Hospital  scheme  (Wood 
and  Co.,  New  York) ;  Report  on  the  Manchester  Royal  Infirmary,  by  J.  Netten  Radclill^  Esq. ; 
Reports  on  St.  Mary's  Hospital,  Paddinston,  by  F.  de  ChaumonL  M.D. ;  chiqpter  in  Rotiu 
and  Lex,  Milit.  Gesundheitspflege ;  paper  In  the  Practitioner^  BCai^  1877, 
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air,  and  of  impregnation  of  the  materials  of  the  building  with  morbid  sub- 
stances, are  so  greatly  increased,  that  the  greatest  care  is  necessary  that 
hospitals  shall  not  become  pest-houses,  and  do  more  harm  than  good.  We 
must  always  remember,  indeed,  that  a  number  of  sick  persons  are  merely 
brpught  together  in  order  that  medical  attendance  and  nursing  may  be  more 
easily  and  perfectly  performed.  The  risks  of  aggregation  are  encountered 
for  tins  reason  ;  otherwise  it  would  be  far  better  that  sick  persons  should  be 
separately  treated,  and  that  there  should  be  no  chance  that  the  rapidly  chang- 
ing, and  in  many  instances  putrefying  substances  of  one  sick  body  should  pass 
into  the  bodies  of  the  neighbouring  patients.  There  is,  indeed,  a  continual 
sacrifice  of  life  from  diseases  caught  in,  or  aggravated  by  hospitals.  The  many 
advantages  of  hospitals  more  than  counterbalance  this  sacrifice,  but  it  should 
be  the  first  object  to  lessen  the  chance  of  injury  to  the  utmost.  The  risk  of 
transference  or  aggravation  of  disease  is  least  in  the  best  ventilated  hospitals. 
A  great  supply  of  air,  by  immediately  diluting  and  rapidly  carrjring  away  the 
morbid  substances  evolved  in  such  quantities  from  the  bodies  and  excretions 
of  the  sick,  reduces  the  risk  to  its  minimum,  and  perhaps  removes  it  altogether. 
But  the  supply  of  air  must  be  enormous ;  we  are  not  in  a  position  to  say  how 
much,  but  I  question  whether  even  the  large  quantity  of  4000  cubic  feet  per 
head  per  hour,  now  assigned  by  the  best  observers,  will  not  be  found  to  be 
far  below  the  proper  amount  for  the  acute  and  febrile  diseases.* 

The  causes  of  the  greater  contamination  of  the  air  of  hospitals  are  these : — 

1.  More  organic  effluvia  are  given  ofif  from  the  bodies  and  excretions  of  sick 
men.     These  are  only  removed  by  the  most  complete  ventilation. 

2.  The  medical  and  surgical  management  of  the  sick  necessarily  often 
exposes  to  the  air  excretions,  dressings,  foul  poultices,  soiled  clothes,  &c.,  and 
the  amount  of  substances  thus  added  to  the  ais  ia  by  no  means  inconsiderable, 
even  with  the  best  management 

3.  The  walls  and  floors  of  hospitals  absorb  organic  matters  and  retain  them 
obstinately,  so  that  in  some  cases  of  repeated  attacks  of  hospital  gangrene  in  a 
ward  it  has  been  found  necessary  to  destroy  even  the  whole  walL  Continual 
drippings  on  the  floor  of  substances  which  soak  into  the  boards  and  through 
crevices,  and  collect  under  the  floor,  also  occur,  and  thus  collections  exist  of 
putrefying  matters  which  constantly  contaminate  the  air. 

4.  The  bedding  and  furniture  also  absorb  organic  substances,  and  are  a 
'  great  cause  of  insalubrity. 

5.  Till  very  recently,  even  in  the  best  hospitals,  the  water-closets  and  urinals 
were  badly  arranged,  and  air  passed  from  these  places  into  the  wards. 

In  addition  to  the  necessary  amount  to  dilute  and  remove  these  substances, 
the  freest  supply  of  air  is  also  now  known  to  be  a  curative  means  of  the 
highest  moment ;  in  the  cases  of  the  febrile  diseases,  both  specific  and 
symptomatic,  it  is  indeed  the  first  essential  of  treatment ;  sometimes,  especially 
in  typhus  and  smaUpox,  it  even  lessens  duration,  and  in  many  cases  it  renders 
convalescence  shorter,  f 


*  In  my  paper,  On  the  Theory  of  Ventilation,  (Proceedings  of  the  Royal  Societv  1875), 
I  have  shown  that  the  smeU  of  oivanic  matter  becomes  perceptible  in  hospitals  when  the 
carbonic  acid  exceeds  the  eictemal  air  ratio  by  0*166  per  1000,  whereas  in  baoracks  it  is  nol 
perceived  nntil  it  has  passed  0*208  per  1000 ;  so  that,  if  3000  cubic  feet  be  the  rainimnm  pei- 
nour  for  health,  not  less  than  4000  must  be  adopted  for  even  ordinary  cases  of  disease,  and  as 
much  more  as  can  be  obtained  for  sni^fical  or  febrile  diseases.    (F.  de  C.) 

ir  The  effect  of  a  great  supply  of  air  on  some  diseases  is  marvellous,  and  the  subject  is  so  im- 
portant that  a  few  examples  may  be  quoted.  The  experience  of  the  fevers  in  the  force  assem- 
bled at  Cork  in  1795 ;  of  the  spotted  typhus  of  1814  at  Paris,  when  it  was  noticed  with  astoni^- 
nient  that  the  cases  placed  (with  great  rear  of  the  result)  in  the  abbattoir  of  Montfaucon  (one  of 
the  highest  and  most  breezy  parts  of  Paris),  did  infinitely  better  than  the  patients  in  the  regular 
boapitals  ;  and  the  analogous  case  of  the-  Irish  fevar  of  1847-48,  when  oases  left  in  the  open  air 
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Theie  can,  I  believe,  be  no  doabt,  that  the  necessity  for  an  unlimited  sup- 
ply of  air  IB  the  cardinal  consideration  in  the  erection  of  hospitals,  and,  in 
fact^  must  govern  the  construction  of  the  buildings.  For  many  diseases, 
especially  the  acute,  the  merest  hovels  with  plenty  of  air  are  better  than  the 
most  costly  hospitals  without  it  What  ill-judged  humanity  it  is  to  over- 
crowd f  ebnle  patients  into  a  building,  merely  because  it  is  called  an  hospital, 
when  the  very  fact  of  the  overcrowding  lessens  or  even  destroys  its  usef uhiess. 
In  times  of  war,  it  should  never  be  forgotten  by  medical  officers  that  the 

and  in  the  mdest  sheda  recovered  better  than  those  patients  who  had  all  the  advantages  of  the 
fixed  establishments,  can  be  paralleled  by  many  other  instances.  A  case  ftill  of  instruction  for 
the  armv  surgeon  was  recorded  100  years  a^o  by  Brocklesby,  physician  to  the  army  in  1764.* 
"  In  October  1758,  a  greater  number  of  sick  were  landed  out  of  the  transports  on  the  Isle  of 
Wight  than  all  the  spare  outhouses,  bams,  and  empty  cottages  which  could  be  procored  for 
money  or  the  sake  of  numanity  at  Newport,  were  capable  of  containing.    In  this  distress,  some 

?;entIemenof  the  hospital  proposed  to  erect  a  temporary  shed,  with  deal  boards,  upon  the  open 
orest,  and  to  have  it  thatched  over  with  a  coat  of  new  straw,  thick  enough  to  keep  out  wind 
and  rain,  and  capacious  enough  to  hold  120  patients  or  upwards ;  for  doing  which,  and  the  use 
of  the  boards,  the  country  workmen  exacted  forty  pounds.  Although  the  hovel  was  finished  io 
a  fashion  the  most  slovenly,  and  apparently  inadequate  to  the  end  proposed,  upon  trial  it  was 
found  that,  notwithstanding  much  extraordinary  cold,  as  well  as  moisture,  whicn  the  sick  there 
lodged  had  suffered,  remarkably  fewer  died  of  the  same  diseases,  though  treated  with  the  same 
medicines  and  the  same  general  regimen,  than  died  anywhere  else ;  and  all  the  convalescents 
recovered  much  sooner  than  they  did  in  any  of  the  warmer  and  closer  huts  and  bams  hired 
round  Newport,  where  fires,  and  apparently  better  accommodations  of  every  sort,  could  be  pro- 
vided for  them."    (Pp.  66,  67.) 

He  gives  another  instance  afterwards. 

In  making  these  rough  sheds  with  wattle,  Brocklesby  incidentally  mentions  two  points  of 
importance : — 1.  The  removing  from  time  to  time  the  ground  from  the  surface,  as  it  gets  im- 
pregnated with  all  sorts  of  thmgs.  2.  The  building  of  a  large  entrance  porch,  sheltered  over 
Lead  (but  not  at  the  sides  ?),  into  which  the  convalescent  men  can  creep,  to  get  as  much  as 
possible  into  the  open  air,  and  also  to  eat  their  meals  in  it. 

Another  old  army  suigeonf  records  an  analogous  case.  I>onald  Munro  says  that  Dr  Hume 
told  him,  that  in  1765,  some  of  the  men-of-war  carried  put  to  North  America  a  malignant  jail 
fever,  brought  by  impressed  men.  The  fever  continued  to  spread  while  at  sea ;  but  at  Halifax 
the  sick  **  were  lodged  in  tents,  or  in  very  old  shattered  nouses  that  admitted  the  air  very 
freely,  which  put  a  sudden  and  effectual  stop  to  this  disorder." 

The  same  facts  were  before  clearly  pointea  out  by  Pringle,  who  witnessed  the  loss  occurring 
in  military  hospitals  when  spotted  typhus  once  gained  a  footing  ;  and  they  were  also  fully 
understood  by  Sir  James  M'Grigor  in  the  Peninsular  war.  As  far  as  spotted  typhus  is  con- 
oemed,  no  evidence  is  necessary  to  convince  us  that  patients  must  be  treated  with  an  absolutely 
unlimited  supply  of  air ;  and  with  respect  to  some  other  diseases,  the  remarkable  experience  of 
the  Austrian  army  surj^ns  for  the  last  few  years  shows  that  the  same  rule  applies  to  typhoid 
fever,  small-pox,  pysBmia,  hospital  gangrene,  and  wounds.  Since  1854,  the  sick  of  the  Austrian 
army  have  been  largely  treated,  during  eight  or  nine  months  every  year,  in  well-ventilated  tents 
in  preference  to  fixed  hospitals.  The  result  has  been  most  remarkable ;  disease  was  prevented 
from  spreading,  and  patients  got  well  much  more  rapidly  than  in  the  apparently  more  comfort- 
able permanent  hospitals.  For  particulars,  the  Report  on  Hygiene  by  tne  author,  in  the  Army 
Medical  Report  for  1862,  can  be  referred  to ;  some  of  the  most  important  facts  are  tnven  under 
the  head  of  Field  Hospitals  in  War.  In  Dr  Massey's  paper  in  the  Army  Medical  Department 
Report,  vol.  xi.  p.  229,  is  an  able  statement  of  facts  of  a  similar  kind. 

In  Germany  many  of  the  large  hospitals  have  now  small  wooden  buildings  (bairack-hois- 
pitals)  in  ac^oining  nospital  enclosures,  where  all  the  worst  surgical  cases  are  treated. 

An  analogous  experience  has  led  some  of  our  best  suigeons  (Sir  James  Paget,  for  example) 
to  believe  that  in  pysmia  a  patient  should  be  treated  almost  in  the  open  air. 

In  yellow  fever  the  same  rule  holds  good  ;  and  to  show  how  early  this  was  appreciated,  I 
subjoin  a  quotation  from  Lind. 

liint^X  quotes  from  "  a  very  sensible  man,  who  resided  long  in  Jamaica." 

"  I  have  often  observed  the  poor  seamen  in  the  merchant  service  to  recover  from  the  yellow 
fever  solely  by  having  the  benefit  of  a  free  and  constent  admis  sion  of  the  cool  sea  air  into  a 
ship  anchored  at  a  distence  from  the  shore,  where  they  lay  utterly  destitute  of  every  asaistanoe 
in  sickness,  and  even  of  common  necessaries,  having  nothing  but  cold  water  to  drink,  and  not 
so  much  as  a  bed  to  lie  upon  ;  while  gentlemen  newly  arrived  from  England,  by  being  shut  up 
in  small,  dose,  suffocating  chambers  at  Kingston  or  Port-Royal,  expired,  with  their  whole  mass 
of  blood  dissolved,  flowing  from  every  pore — the  stifling  heat  of  their  room  having  produced  a 
stoto  of  universal  putrefaction  in  the  body,  even  before  death." 


*  Economical  and  Medical  Observations  from  the  year  1768  to  176S,  by  B.  Brocklesby,  17M. 

t  Donald  Jloaro,  vol.  i.  p.  269. 

I  On.  OlMases  of  Earopeaos  la  Hot  CUmates,  p.  S16w 
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radest  shed,  the  slightest  coveiiiig,  which  will  protect  from  the  weather,  is 
better  than  the  easy  plan  so  often  suggested  and  acted  on,  of  patting  the  beds 
a  little  closer  together. 

The  recognition  that  the  ample  supply  of  pure  air  is  the  first  essential  of  a 
good  hospital,  led  Miss  Nightingale  to  advocate  with  so  much  energy  and  suc- 
cess the  view  which  may  be  embodied  in  the  two  following  rules  : — 

1.  The  sick  should  be  distributed  over  as  large  an  area  as  possible,  and  each 
sick  man  should  be  as  far  removed  as  possible  from  his  neighbour. 

2.  The  sick  should  be  placed  in  small  detached  and  perfectly  ventilated 
buildings,  so  that  there  is  no  great  number  of  persons  in  one  building,  and 
there  shall  be  no  possibility  of  the  polluted  air  of  one  ward  passing  into 
another. 

How  is  this  perfect  Purity  of  Air  to  he  secured  f 

This  is  a  matter  partly  of  construction,  partly  of  superintendence. 

(a)  There  should  be  detached  buildings,  so  disposed  as  to  get  the  freest  air 
and  the  greatest  light.  They  should  be  at  considerable  distances  apart,  so  that 
1000  sick  should  be  spread  like  a  village  ;  and  in  the  wards,  each  man  ought 
to  have  not  less  than  100,  if  possible,  120,  f&et  of  superficial,  and  from  1500 
to  2000  feet  of  cubic  space.*  With  detached  buildings,  the  size  of  an 
hospital,  as  pointed  out  by  Miss  Nightingale,  is  dependent  merely  on  the 
facility  of  administration.  When  the  hospitals  consist  of  a  single  building 
the  smallest  hospitals  are  the  best. 

(6)  The  ventilation  should  be  natural,  i.e.,  dependent  on  the  movement  of 
the  outer  air,  and  on  inequalities  of  weight  of  the  external  and  internal  air. 
The  reason  of  this  is,  that  a  much  more  efficient  ventilation  can  be  obtained 
at  a  cheaper  cost  than  by  any  artificial  means.  Also,  by  means  of  open  doors 
and  windows,  we  can  obtain  at  any  moment  any  amount  of  ventilation  in  a 
special  ward,  whereas  local  alterations  of  this  kind  are  not  possible  in  any 
artificial  system.  The  amount  of  air,  also,  which  any  artificial  system  can 
cheaply  give  is  comparatively  limited.  The  amount  of  air  should  be 
restricted  only  by  the  necessity  of  not  allowing  its  movement  to  be  too 
perceptible. 

The  best  arrangements  for  natural  ventilation  for  hospitals  appear  to  me  to 
be  these — Id,  Opposite  windows  reaching  nearly  to  the  ceiling,  on  the  sides 
of  a  ward  (not  wider  than  24  feet,  and  containing  only  two  rows  of  beds), 
and  a  large  end  window.  2d,  Additional  openings,  to  secure,  as  far  as 
possible,  a  vertical  movement  of  the  air  from  below  upwards ;  and  this,  I 
believe,  will  be  best  accomplished  as  follows  : — f 

A  tube  opening  at  once  to  the  external  air  should  run  transversely  along 
the  floor  of  the  ward  to  each  bed,  and  should  end  in  a  box  placed  under  the 
bed,  and  provided  with  openings  at  the  top  and  sides,  which  can  be  more  or 
less  closed.  In  the  box,  coils  of  hot-water  pipes  should  be  introduced  to 
warm  the  air  when  necessary.  The  area  of  the  tube  should  not  be  less  than 
72  square  inches  to  each  bed ;  and  the  area  of  the  openings  in  the  box  at  least 
four  times  lai^er.  The  fresh  air,  warmed  to  any  degree,  and  moistened,  if 
necessary,  by  placing  wet  cloths  in  the  box,  or  medicated  by  placing  chlorine, 
iodine,  or  other  substances,  will  then  pass  under  each  bed,  and  ventilate  that 
space  so  often  left  unaired  ;  and  then,  ascending  round  the  sides  of  the  bed, 
will  at  once  dilute  and  carry  up  the  products  of  respiration  and  transpiration 

•  See  page  147  for  the  discussion  on  this  point. 

•f  A  plan  similar  to  this  has  been  devised  by  Dr  S.  Hale,  and  adopted  in  some  of  the  Ana- 
tralian  nospitals.  It  is  an  excellent  arrangement,  bat  seems  rather  unnecessarily  complicated 
1^  taking  the  air  under  the  floor,  and  elevating  the  beds  on  a  dais. 
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to  tte  ceiling.  It  would,  I  presume,  be  a  simple  matter  so  to  arrange  the  hot- 
water  pipes  as  to  be  able  to  cut  off  all  or  some  of  the  pipes  under  a  particular 
bed  from  the  hot-water  current  if  desired,  and  so  to  give  a  fever  patient  air 
of  any  temperattire,  from  cold  to  hot,  desired  by  the  physician.  In  the  low 
and  exhausted  stages  of  fever  warm  air  is  often  desirable.  By  this  simple 
plan,  it  seems  to  me  we  could  deal  more  effectually  with  the  atmosphere  round 
our  patients,  as  to  warmth,  dryness,  humidity,  and  medication,  than  by  any 
other.  At  the  same  time,  the  open  ffre-place  and  chimney,  and  the  open 
doors  and  windows,  might  be  preserved.* 

For  the  exit  of  the  foul  air,  channels  in  the  ridge  should  be  provided, 
warmed  by  gas  if  possible,  as  pointed  out  in  the  chapter  on  Ventilation. 

To  facilitate  this  system  of  ventilation,  it  is  desirable  to  have  the  buildings 
one  storied  only  ;  but  it  can  be  applied  with  two  stories.  Only  then  the  dis- 
charge tubes  must  be  placed  at  the  sides,  and  run  up  in  the  thickness  of  the 

walls,  t 

But  not  only  should  there  be  good  ventilation,  but  the  wards  ought  to  be 
every  year  empty  for  two  or  three  weeks,  and  during  the  time  thoroughly 
expos^  to  the  air,  every  door  and  window  being  open. 

(c)  The  strictest  rules  should  be  laid  down  with  regard  to  the  immediate 
removal  from  the  wards  of  all  excreta,  dirty  dressings,  foul  linen,  &c. 

Nothing  that  can  possibly  give  off  anything  to  the  air  should  be  allowed  to 
remain  a  single  moment.  Dressings  of  foul  wounds  should  be  sprinkled  with 
deodorants,  and  charcoal  bags  suspended  round  the  bed. 

(d)  The  walls  should  be  of  impermeable  material  Cements  of  different 
kinds  are  now  used,  especially  Parian ;  large  slabs  of  properly  coloured  tiles, 
joined  by  a  good  cement,  and  good  Portland  cement  well  painted  would, 
however,  be  better.  Parian  cracks  and  spaces  form  behind  it.  Ceilings 
should  be  either  cemented  or  frequently  limewashed.  Great  care  should  be 
taken  with  the  floors.  On  the  whole,  good  oak  laid  on  concrete  seems  the 
best  material ;  but  the  joinings  should  be  perfect,  so  that  no  fluid  may  pass 
through  and  collect  below  the  floor.  Possibly  it  might  be  well  to  cover  the 
floor  with  a  good  oil-cloth,  or  material  of  the  like  kind,  which  would  prevent 
substances  from  sinking  into  the  boards,  and  would  lessen  the  necessity  of 
washing  the  floors,  but  might  be  itself  removed,  and  frequently  washed.  The 
practice  of  waxing  and  dry-rubbing  the  floors,  and  other  similar  plans,  is 
intended  to  answer  the  same  purpose.  Dr  Langstaff,  of  Southampton, 
strongly  recommends  paraffin.  The  paraffin  is  melted  and  then  poured  on 
the  floor,  and  ironed  into  it  with  a  box-iron,  heated  from  the  interior  by 
burning  charcoal ;  it  penetrates  about  a  quarter  of  an  inch  into  the  wood.  The 
excess  of  paraffin  is  scraped  off,  and  the  floor  is  brushed  with  a  hard  brush  ;  a 
little  paraffin  in  turpentine  is  then  put  on,  and  the  flooring  is  good  for  years. 

(e)  The  furniture  in  a  ward  should  be  reduced  to  the  minimum ;  and,  as 
far  as  possible,  everything  should  be  of  iron.  The  bedding  should  also 
be  reduced  in  size,  as  much  as  it  can  be.  Thick  mattresses  should  be  dis- 
carded, and  thin  mattresses,  made  easy  and  comfortable  by  being  placed  on. 
springs,  employed.!  The  material  for  mattresses  should  be  horse-hair  (18  S^ 
weight  to  each  mattress),  or  coir  fibre,  which,  on  the  whole,  are  least 
absorbent.     Straw,  which  absorbs  very  little,  is  bulky,  and  is  said  to  be  cold. 

*  The  introdaction  of  vertical  tubes  is  also  nseful,  as  giving  the  air  an  upward  direction  and 
allowing  a  considerable  snpplv  without  draaghts. 

t  When  the  ceiling  is  flat  tne  outlets  maybe  advantageously  placed  at  the  sides  close  to  the 
oeiling,  but  with  a  one-storied  or  upper  ward  an  open  roof  is  better. 

t  The  wire  mattress  bedsteadL  as  arranged  by  Dr  Reed,  in  use  in  the  Manchester  Royal 
Infirmary  and  made  by  Messrs  Chorlton  &  Dugdale,  seems  an  excellent  and  very  comfortable 
furm. 
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All  flock  and  woollen  mattresses  should  be  discarded.  Blankets  and  coverlets 
should  be  white  or  yellowish  in  colour,  and  should  be  frequently  thoroughly 
aired,  fumigated,  and  washed. 

if)  The  arrangement  of  the  water-closets  and  urinals  is  a  matter  of  the 


A.  Ward. 

B.  Nurse's  room,  with  Ward-window, 
c.  Scullery. 


Fig.  76— Ward  for  20  Ward-beds. 

D.  Water-closet  and  Ward-sink. 

E.  Bath-room  and  Ablution-room. 

F.  Ventilated  lobbies. 


greatest  moment.     Every  ward  should  have  a  urinal,  so  that  the  common 

practice  of  retaining  urine  in  the  utensils  may  be'  discontinued.     If  the  urine 

is  kept  for  medical  inspection,  it  should  be  in  closed  vessels.     The  removal  of 

excreta  must  be  by  water.     In  hospitals,  nothing  else  can  be  depended  upon, 

as  regards  certainty  and  rapidity.    The  best 

arrangement  for  closets  is  not  the  handle 

and  plug,  which  very  feeble  patients  wiU 

not   lift ;  but  a  self-acting  water  supply 

connected  with  the  door,  and  flowing  when 

it  is  opened.     This  plan  is  better  than  the 

self-acting  spring  seat,  which  is  not  always 

easily  depressed  by  a  thin  patient ;  and  also, 

by  leaving  the  door  open,  it  gives  us  the 

means  of  pouring  in  any  quantity  of  water, 

and  of  thoroughly  flushing  the  pan  and  pipe.     The  closets  are  best  arranged 

in  nearly  detached  lobbies,  at  one  end  of  the  ward,  and  separated  from  it  by 

a  thorough  cross  ventilation,  as  shown  in  the  plan  which  is  copied  from  Miss 

Nightingale's  work.* 


Pig.  77. 
Section  of  Ward  to  show  the  Bed. 


Fig.  78.— Drawing  to  show  Beds  and  Windows. 
In  this  way,  provided  the  site*  of  the  hospital  is  originally  well  chosen, 

*  Dr  Buchanan  has  suggested  a  plan  of  vertical  ventilation  in  the  vestibule^  in  cases  where 
cross  ventilation  is  not  available.  This,  of  course,  need  not  be  in  a  new  building^  although  it 
might  be  useful  in  the  adaptation  of  an  existing  one.  The  addition  of  a  slop  sink,  for  the 
emptying  of  bed-pans,  &c.,  would  also  be  useful 
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perfect  purity  of  air  can  be  obtained,  and  tbe  first  requisite  of  a  good  bospital 
is  secured. 

Tbe  warming  of  tbe  air  of  Hospitals  is  discussed  in  tbe  cbapter  on 
Warming. 

Kext  to  tbe  supply  of  pure  air,  and  to  tbe  measures  for  preventing  con- 
tamination (wbicb  embrace  construction,  ventilation,  cleanliness,  and  latrine 
arrangements),  come  tbe  arrangements  for  medical  treatment. 

Medical  treatment  includes — 

1.  Stipply  of  Food, — ^Tbe  diet  of  tbe  sick  is  now  becoming  a  matter  of 
scientific  precision ;  and  it  is  probable  tbat  every  year  greater  and  greater 
importance  will  be  attacbed  to  it.  Henoe  tbe  necessity  of  a  perfect  central 
kitcben,  and  of  means  for  tbe  rapid  supply  of  food  at  all  times.  Tbere  is 
more  difficulty  in  doing  tbis  tbon  at  first  appears,  as  tbe  central  kitcben  cannot 
supply  everytbing ;  and  yet  tbere  must  be  no  cooking  in  tbe  wards,  or  even 
near  tbem,  as  tbe  time  of  tbe  attendants  sbould  be  occupied  in  otber  ways. 
Probably,  tbe  best  arrangement  is  to  bave  bot  closets  dose  to  tbe  wards,  wbere 
tbe  food  sent  from  tbe  kitcben  can  be  kept  warm,  and  ready  for  use  at  all 
bours  of  tbe  day  and  nigbt. 

2.  The  Supply  of  Water. — Hot  and  cold  water  must  be  supplied  every- 
wbere,  and  batbs  of  all  kinds  sbould  be  available.  Tbe  supply  of  water  for 
all  purposes  sbould  be  40  to  50  gallons  per  bead  daily. 

3.  The  Supply  of  Drugs  and  Apparattis, — Tbe  chief  point  is  to  economise 
tbe  time  of  attendants,  and  to  enable  drugs  and  apparatus  to  be  procured 
witbout  delay  wben  needed. 

4.  Ths  Nursing  ancPAttendancey  including  the  Supply  of  Clean  Linen^  <S:c, — 
Tbe  time  and  labour  of  tbe  attendants  sbould  be  expended,  as  far  as  possible, 
in  nursing,  and  not  in  otber  duties.  Every  contrivance  to  save  labour  and 
cleaning  sbould  therefore  be  employed.  lifts,  shafts,  tramways,  and  speak- 
ing-tubes to  economise  time ;  wards  arranged  so  as  to  allow  the  attendants  a 
view  of  every  patient ;  wards  not  too  laige  nor  too  small,  for  Miss  Nightingale 
has  conclusively  shown  that  wards  of  from  20  to  32  beds  are  best  suited  for 
economy  of  service. 

5.  Means  of  Open-air  Exercise  for  Patients, — ^This  ought  properly  to  be 
considered  as  me(fical  treatment.  As  soon  as  a  patient  can  get  out  of  bis  ward 
into  the  open  air  he  should  do  so ;  therefore,  open  verandahs  on  the  sunny 
sides  of  the  wards,  and  sheltered  gEirdens,  are  most  important  For  tbe  same 
reason  hospitals  of  one  story  are  best^*  as  tbe  patients  easily  get  out ;  if  of 
two  stories  the  stairs  should  be  shallow. 

6.  In  addition  to  all  these,  the  supply  of  air  medicated  with  gases,  or  fine 
powders,  or  various  amounts  of  watery  vapour,  is  a  mode  of  treatment  wbicb 
is  sure  to  become  more  common  in  certain  diseases,  and  special  wards  will 
have  to  be  provided  for  these  remedies. 

The  parts  of  a  military  bospital  are — f 

Patiente^  Booms,  Wards,  and  Day-rooms,  if  possible ;  the  wards  of  two 

*  I  had  never  properly  estimated  the  importance  of  patients  getting  into  tbe  air,  and  the 
desirability  of  one-storied  buildings  for  this  purpose,  till  I  served  at  Benkioi  in  Turkey  during 
the  Crimean  war.  The  hospital  was  composed  of  one-storied  wooden  houses  connected  by  an 
open  corridor.  As  soon  as  a  man  could  crawl  he  alwavs  got  into  the  corridor  or  between  the 
houses,  and  the  ^^ood  effects  were  manifest  Some  of  the  medical  oflSoers  had  their  patients' 
b^ds  carried  out  into  the  corridor  when  the  men  could  not  walk.  In  the  winter  greatcoats  were 
provided  for  the  men  to  put  on,  and  they  were  then  encouraged  to  go  into  the  corridor. 

t  Hospital  space  is  to  oe  provided  for  10  per  cent,  of  the  force.  Lately,  since  the  health  of 
the  army  has  been  so  much  mii>roved  on  home  service,  it  has  been  proposed  to  reduce  it  to  7 
per  cent,  but  it  would  appear  aesirable  always  to  have  a  laige  hospital  apace  for  emergencies 
and  for  war. 

The  Director-Qeneral  is  consulted  when  a  ftt»h  hospital  is  built 


razee ;  laige,  %.&,  from  20  to  33  beds ;  and  email,  for  one  or  two  patients.  It 
ie  decdiable  to  harre  the  small  wards  not  close  to  the  large  ones,  bat  at  some 
little  distauoe.     A.ttac))ed  to  the  wards  aie  attendants'  rooms,  scnUeiy,  bath 


If 


1^ 

! 


Tit  Snrgeons-Genaral  rod  Depot;  SnrgKnu-Oeneral  are  ordered  to  iiupect  tba  dniiuge, 
nntilition,  w>Mr  mppl;,  watar-ctoHts,  Utrinea,  nrinali,  and  liidiB  at  neiy  hoapitaJ,  ud  to 
■ee  llMt  the  mnning  and  lighting  are  sufficient,  also  that  the  namber  in  hoapital  li  not  over 
T^nlitioo;  that  the  eicreta  of  tbe  sick  are  pramptlr  removed  from  t^e  warda  ;  that  cleanlineas, 
cdoklntt  &C.,  are  properl;  attended  to ;  and  that  the  Ticluity  of  the  hoepltal  ia  in  good  condi- 
tion, and  tbe  hoapital  itaelt  In  good  repair. 

In  general  hoapitala  a  aanltarv  offlcer  li  to  ba  appointed ;  In  atatlon  boapitala  the  medbsal 
officer  ia  the  aaoUalT  officer,  and  hia  datiea  aa  to  inBpection  an  eiplLcitl;  laid  down. 

If  an;  building  is  ielectedaa  a  temporar;  hospital,  the  ■aoitary  officer,  or  medical  officer  In 
diargv,  i*  ordered  to  Inapcct  it,  and  to  recommend  each  alteretlona  aa  are  neceaiary. 

C^Taleaoent  wanta  ara  to  be  pivvUed  vhea  poctirabl*. 
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and  ablution  roomB,  small  storeroom,  tirinal,  closets  (one  seat  to  every  eight 
men.) 

Operating-room — Dead-house — Administration, — Surgeons'  rooms ;  case- 
book and  instrument  room  \  offices  and  officers'  rooms. 

Pharmacy. — ^Dispensary ;  store-room ;  dispenser's  room. 

CtUinary, — Store-room;  wine  and  beer  room;  larder  and  meat  room; 
kitchen  ;  room  for  arranging  diets  ;  scullery^  cook's  room. 

Washing. — Washhouse  ;  dirty  Unen  store  ;  baking  and  fumigating-room  ; 
cleaning-room  for  mattresses. 

Steward's  Department. — Offices,  furniture,  linen,  utensil,  and  pack  stores ; 
rooms  for  cleaning. 

The  amount  of  storage  room  is,  for  an  hospital  of  100  sick — 


Bedding  and  store  »  200  square  feet 
Clothing  store       « 100         „ 
Utensil  store         =  1 60-200  „ 
Provision  store     =100 


Fuel  store  =  250  square  feet 

Foul  linen  store      —  1 20         „ 
Pack  store  =  200         „ 

(In  military  hospitals.) 

The  above  drawing  shows  the  arrangement  of  the  closets  and  lavatory 
in  a  military  hospital 

The  two  following  plans  show  the  arrangement  of  the  Lariboisiere  Hospital 
in  Pans,*  which  circumstances  have  made  the  type  of  the  so-called  block  or 


3 
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Fig.  80. — Lariboisi^  Hospital  at  Paria. 

pavilion  plan ;  and  of  the  Herbert  Hospital,  which  is  the  best  military 
hospital  in  this  country,  or  perhaps  anywhere. 

The  Herbert  Hospital  at  Woolwich  consists  of  four  double  and  three  single 

■  ■ 

^  The  new  H5tel.I>iea,  just  oompkted^  is  on  the  same  general  plan. 
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pavilions  of  two  floois  espb,  all  raised  on  basements.  There  ia  a  convalesceut'a 
day-nxim  in  the  centre  paviiioa.  The  adntinistration  ia  in  a  separate  block  ia 
ftoak  The  axis  of  the  w&ids  ia  a  little  to  the  east  of  north.  There  ia  a 
corridor  in  the  basement,  through  which  the  food,  medicines,  coals,  &&,  are 
conveyed,  and  then,  by  a  seties  of  lifta,  elevated  to  the  wards.     The  terraces 


Fig.  Sl.—Oroimd  Plui  or  the  Hurbert  Hospital,  Woolwich  (from  MUb  Nightlagkie'i  book.} 

on  the  corridor  afford  easy  means  of  open-air  exercise  for  the  patients  in  the 
np[)er  ward.  The  wards  are  warmed  by  two  central  open  fire-placea,  with 
descending  flnea,  round  which  are  air-passagea,  ao  that  the  entering  air  ia 
warmed.  The  floora  are  iron  beams,  filled  in  with  concrete,  and  covered  with 
oak  boarding.* 

HoepitaJs  m  the  JVopics. 

The  Barrack  and  Hospital  Commiaaion,  in  carrying  out  the  plana  of  the 
Eoyal  Indian  Sanitary  Commission,  luggeatf  for  each  aick  man — 

Superficial  aiea  =  100  square  feel^  up  to  120  in  unhealthy  districts. 

Cubical  apace  =  ISOO  feet,  or,  in  unhealthy  diatricte,  2000  feet 

It  ia  also  directed  that  hospitals  should  conaiat  of  two  diyisiona — let,  for 
aick  ;  and  2d,  for  convaleacenls.  Thia  latter  division  to  hold  25  per  cent  of 
the  total  hospital  inmates. 

Each  hoapital  is  to  be  built  in  blocks,  to  conaiat  of  two  floors,  the  sick  and 
convalescents  to  sleep  on  the  upper  Boots  only ;  each  block  to  hold  only  20  to 
24  beds. 

The  principles  and  details  are,  in  fact,  identical  with  those  already  ordered 
for  the  home  stations. 

Hogpitalg/or  Jn/ectumi  JXeeaiei. 

Fever  and  small-pox  hospitals  hare  been  long  established  in  many  large 

English  towns ;  but  within  the  last  few  y«ars  it  has  become  usual  for  all 

towna  of  any  size  to  put  up  tome  temporary  hoapitala  during  an  outbreak  of 

Tbe  airmgemBDt  of  the  FsTllioiu  ma;  be  mied  in  manj  vayi ;  for  dlfferaat  tom»  of 
t^^cU.^  27. 


armuemant  see  the  woAs  alrcftdy  cited. 
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cholera,  smaU-pox,  relapsing  fever,  and  typhus,  and  to  lemoye  persons  ill  with 
these  diseases^  at  once  from  their  dweUmgs.  In  this  way,  if  there  is  early 
discovery  of  the  cases,  the  chances  of  spread  of  the  disease  are  greatlj 
lessened. 

The  Medical  Department  of  the  Privy  Council  issued  a  Memorandum  in 
1872,*  pointing  out  that  power  is  given  under  the  37th  section  of  the 
Sanitary  Act^  1866,t  to  the  local  bouxl,  improvement  commissioners,  town 
council,  or  vestry,  to  provide  "  hospitals  or  temporary  places  for  the  reception 
of  the  sick/'  It  is  pointed  out  that  viUagea  should  have  the  means  of 
accommodating  instantly  four  cases  of  infectious  disease  in  at  least  two 
separate  rooms,  and  it  is  considered  that  a  good  cottage  would  answer  this 
purpose.  In  towns  a  permanent  provision  is  advised  to  be  made,  and  the 
following  suggestions  are  made  : — The  situation  to  be  convenient ;  ward  cubic 
space,  2000  feet  per  head ;  ward  floor  space  per  head  144  square  feet ;  good 
provision  for  ventilation ;  precautions  against  entrance  of  foul  air  (as  from 
privies  or  sinks) ;  warming  in  winter  to  60**  Fahr. ;  keeping  cool  in  summer ; 
means  of  disposal  of  excrements  and  slops,  and  for  cleaning  and  disinfecting 
linen. 

For  temporary  emergencies,  tents  (army  hospital  marquees)  are  recom- 
mended, or  huts  are  advised.  The  huts  are  described  at  some  length,  and 
plans  are  given  of  ther.huts  and  of  the  arrangement  As  these  are  very 
similar  to  those  used  by  the  army  in  war,  reference  is  made  to  that  section. 

(For  Hospitals  in  Time  of  War,  see  Book  11.) 

*  Memorandum  on  Hospital  Accommodation  to  be  given  by  Local  Anthoiities  (idimed  John 
Simon,  8th  July  1872). 
t  Now  nnder  the  ISlst  and  foUowing  dauMS  of  the  Public  Health  Act  of  1875. 


CHAPTER    X. 
REMOVAL   OF    EXCRETA. 

Wb  have  seen  that  a  regular  supply  of  pure  air — in  other  words,  efficient 
ventilation — is  required  to  remove  the  excreta  of  the  lungs  and  the  volatile 
products  of  the  skin.  The  solid  and  fluid  excreta  from  the  bowels  and  the 
kidneys  ought  to  be  as  rapidly  and  as  completely  removed  as  the  gaseous 
impurities. 

It  is  highly  probable  that  to  barbarous  and  inefficient  modes  of  removing 
the  excreta  of  men  and  of  animals  we  must  partly  trace  the  great  prevalence 
of  disease  in  the  middle  ages,  and  there  is  no  doubt  that  many  of  the  diseases 
now  prevailing  in  our  large  towns  are  owing  to  the  same  cause. 

"When  men  live  in  thinly-populated  countries,  following,  as  they  will  then 
do,  an  agricultural  or  nomade  life,  they  will  not  experience  the  consequences 
of  insufficient  removal  of  excreta.  The  sewage  matter  returns  at  once  to  that 
great  deodoriser  the  soil,  and  fertilising  it,  becomes  a  benefit  to  man,  and  not 
a  danger.  It  is  only  when  men  collect  in  communities  that  the  disposal  of 
excreta  becomes  a  matter  literally  of  life  and  death,  and  before  it  can  be 
settled  the  utmost  skill  and  energy  of  a  people  may  be  taxed. 

The  question  of  the  proper  mode  of  disposal  of  sewage  has  been  somewhat 
perplexed  by  not  keeping  apart  two  separate  considerations.  The  object  of 
the  physician  is  to  remove  as  rapidly  as  possible  all  excreta  from  dwellings, 
80  that  neither  air,  water,  nor  soil  shall  be  made  impure.  The  agriculturist 
wishes  to  obtain  &om  the  sewage  its  fertilising  powers.  It  is  not  easy  to 
satisfy  both  parties,  but  it  will  probably  be  conceded  that  safety  is  the  first 
thing  to  be  sought,  and  that  profit  must  come  afterwards. 

SECTION  I. 

AMOUNT  AND  PRODUCTS  OF  THE  SOLID  AND  FLUID  EXCRETA. 

Amount  of  the  solid  and  fluid  JExereta, 

The  amount  of  the  bowel  and  kidney  excreta  vary  in  different  persons  and 
with  different  modes  of  life.  On  an  average,  in  Europe,  the  daily  solid 
excreta  are  about  4  ounces  by  weight,  and  the  daily  fluid  excreta  50  ounces 
by  measure  for  each  male  adult  Women  and  children  pass  rather  less. 
Vegetable  pass  more  soHd  excreta  than  animal  feeders,  but  this  is  chiefly 
owing  to  a  large  proportion  of  water.*  Taking  all  ages  and  both  sexes  into 
consideration,  we  may  estimate  the  daily  amount  per  head  of  population  in 
Europe  at  2^  ounces  of  faecal,  and  40  ounces  of  urinary  discharge.  A  popu- 
lation of  1000  persons  wi>uld  thus  pass  daily  156  lb  of  solids  and  260  gallons 
of  urine,  or  in  a  year  25  tons  of  faeces  and  91,250  gallons  (14,646  cubic  feet) 
of  urine.  Letbeby  gives  the  mean  amount  per  head  as  2*784  ounces  of 
faeces  and  31*851  ounces  of  urine.     In  a  mixed  population  of  1000  persons 

*  Mr  Fawcns's  ezperiments  on  Bengalee  prisoners  give  an  average  bowel  excretion  of  12 
oonces,  and  in  BomDay  Br  Hewlett  found  the  aivine  dischaiges  to  be  quite  as  laige.^ 
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of  different  sexes  and  ages,  Letbeby  bas  calculated  tbat  tbe  daily  discbaige 
of  the  whole  town  will  be  2266  fb  avoir,  of  urine  and  177*5  &>  of  faeces. 

Frankland  estimates  tbe  mean  daily  amount  per  bead  as  3  ounces  of  faeces, 
and  nearly  40  ounces  by  measure  of  mine.  In  adult  males  tbe  quantity  of 
nitrogen  daily  discharged  by  tbe  bowels  and  kidneys  amounts  to  from  250 
to  306  grains,  representing  304  and  372  grains  of  ammonia.  Taking  tbe 
whole  population,  however,  tbe  amount  must  be  considerably  less  than  this. 
I  calculate  it  as  153  grains  of  nitrogen,  and  Letbeby  gives  it  as  155 '8  grains, 
or  from  186  to  189  grains  of  ammonia,  i,e.,  tbe  mean  excretion  of  all  the 
population  is  very  nearly  half  the  excretion  of  the  adult  male. 

Decomposition  of  Sewage  Matter. 

Fresh  healthy  faecal  matter  from  persons  on  mixed  diet,  unmixed  with 
urine,  bas  an  acid  reaction,  and  this  it  retains  for  a  considerable  time ;  it 
then  becomes  alkaline  from  ammonia.  If  free  from  urine,  it  usually  decom- 
poses slowly,  and  in  hot  weather  often  dries  on  tbe  surface,  and  subsequently 
changes  but  little  for  some  time.  The  urine,  when  unmixed  with  faecal 
matter,  also  retains  its  natural  acidity,  for  a  variable  number  of  days,  some- 
times three  or  four ;  sometimes  eight  or  ten,  or  even  longer,  and  then  becomes 
alkaline  from  ureal  decomposition.  When  tbe  faeces  and  urine  are  mixed, 
the  formation  of  ammonium  carbonate  from  ureal  decomposition  is  much 
more  rapid ;  the  solid  excreta  seem  to  have  the  same  sort  of  action  as  tbe 
bladder  mucus,  and  the  mixed  excreta  become  alkaline  in  twenty-four  hours, 
while  the  separate  excreta  are  still  acid.  And  in  its  turn  the  presence  of  tbe 
urine  seems  to  aid  the  decomposition  of  the  solid  matter,  or  this  may  be 
perhaps  from  tbe  effect  of  tbe  fluid,  as  pure  water  seems  to  act  almost  as 
rapidly  as  urine  in  this  respect.  Pappenheim*  states  tbat  tbe  absorption  of 
oxygen  by  tbe  faeces  is  greatly  increased  when  urine  is  added.  When  the 
solid  excreta  and  urine  are  left  for  two  or  three  weeks,  tbe  mixture  becomes 
usually  extremely  viscid,  and  this  occurs,  though  to  a  less  extent,  when  an 
equal  quantity  of  pure  water  takes  the  place  of  urine.  The  viscidity  is  pre- 
vented by  carbolic  acid. 

When  the  solid  excreta  (unmixed  with  urine)  begin  to  decompose,  they  give 
out  very  foetid  substances,  which  are  no  doubt  organic  ;  sulphuretted  hydrogen 
is  seldom  detected,  at  any  rate  by  the  common  plan  of  suspending  paper  soaked 
in  lead  solution  above  the  decomposing  mass.  When  heated,  a  l^rge  quantity 
of  gas  is  disengaged,  which  is  inflammable,  and  consists  in  great  measure  of 
carburetted  byc&ogen.  When  (instead  of  being  dry)  urine  is  present, 
ammonia  and  foetid  organic  matters  are  disengaged  in  large  quantity.  When 
water  is  also  present,  and  if  the  temperature  of  the  air  is  not  too  low,  not 
only  organic  matters  but  gases  are  given  out,  consisting  of  light  carburetted 
hydrogen,  nitrogen,  and  carbonic  acid  Sulphuretted  hydrogen  can  be  also 
disengaged  by  heat,  and  is  almost  always  found  in  tbe  liquid,  usually  in  com- 
bination with  ammonia,  from  which  it  is  sometimes  liberated  and  then  passes 
into  the  aur. 

Composition  of  the  Air  in  Cesspools  and  Setoers  (see  page  107). 
Effects  of  Seioage  Effluvia  on  Health  (see  page  125). 

SECTION  IL 

METHODS  OF  REMOVAL  OF  EXCRETA. 

While  all  will  agree  in  the  necessity  of  the  immediate  removal  of  excreta 

*  Haudb.  der  San.  Pol.  2d  edit,  hand  1.  p.  72. 
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frjm  dwellings,  the  best  modes  of  doing  so  are  by  no  means  settled.  It  is 
unfortunate  that  some  warmth  of  controversy  has  been  introduced  into  the 
discussion  on  this  point,  and  that  a  feeling  of  partisanship  has  arisen.  The 
fact  is  that  several  methods  of  removing  sewage  are  applicable  in  different 
circumstances,  and  their  relative  amounts  of  utility  depend  entirely  on  the 
condition  of  the  particular  place. 

The  different  plans  may  be  conveniently  divided  into — * 

1.  The  water  method. 

2.  The  dry  methods. 

Before  noticing  these  plans,  it  will  be  convenient  to  make  a  few  general 
observations  on  sewers. 

Sewbrs. 

Sewers  are  conduits  employed  to  remove  waste  water  and  waste  products 
suspended  in  water  from  houses,  or  to  carry  away  rain.  Among  the  waste 
products  may  be  the  solid  and  liquid  excreta  of  men  and  animals,  or  t)ie 
refuse  of  trade  and  factory  operations.  Or  sewers  may  be  used  merely  for 
the  conveyance  of  dirty  house  water,  without  the  admixture  of  excreta  or 
trade  refuse. 

It  is  quite  impossible  that  any  town  or  even  any  single  large  house  can  be 
properly  freed  of  its  waste  house  water  without  sewers,  and  in  a  more  or  less 
perfect  condition,  they  are  to  be  found  not  only  in  all  modem,  but  in  most 
ancient  cities.  Originally,  no  doubt,  they  were  mere  surface  channels,  as  they 
are  still  in  many  towns ;  but  for  the  sake  of  appearance  and  inoffensiveness, 
the  custom  must  have  soon  arisen  of  placing  them  underground,  nor  in 
modem  towns  could  they  now  be  arranged  otherwise.  In  some  large  towns 
there  are  even  hundreds  of  miles  of  sewers  constructed  often  with  great  skill 
and  science,  and  they  serve  iu  some  instance  as  the  channels  not  only  for 
rain,  but  for  natural  streams  which  have  been  enclosed. 

TTie  sewers  form  thus  in  the  subsoil  of  towns  a  vast  network  of  tubes, 
connecting  every  house,  and  converging  to  a  common  outlet  where  their  con- 
tents may  be  discharged. 

In  some  towns  the  sewers  carry  away  none  of  the  solid  excreta,  though 
probably  urine  enters  in  all  cases.  In  most  towns,  however,  solid  excreta  in 
greater  or  less  quantity  enter,  owing  especially  to  the  prevalent  use  of 
water-closets,  or  to  the  drainage  of  middens  and  manure  heaps. 

Whether  the  solid  excreta  pass  in  or  not,  the  liquid  in  the  sewers  must 
always  contain  either  suspended  or  dissolved  animal  and  vegetable  matters 
derived  from  the  refuse  of  houses.  It  is  generally  warmer  than  the  water  of 
streams,  and  is  of  no  constant  composition ;  sometimes  it  is  very  turbid,  and 
highly  impure ;  in  other  cases  it  is  hardly  more  impure  than  the  water  of 
surface  wells.  The  suspended  matters  are,  however,  generally  in  larger  pro- 
portion than  the  dissolved. 

In  some  cases  the  sewer  water  is  in  greater  amount  than  the  water 
supplied  to  the  town  and  the  rainfall  together.  This  arises  from  the  subsoil 
water  finding  its  way  into  the  sewers. 

One  ton  of  London  or  Rugby  sewage  contains  oiJy  from  2  B)  to  3  lb  of 
solid  matter  (Lawes).! 

*  Dr  Corfield's  work  (A  DiseAt  of  Facts  Relating  to  the  TroatmeDt  and  Utilisation  of  Sewage, 
br  W.  H.  GorfieM,  2d  edit.  1871)  will  be  foand  to  give  a  good  summary  of  this  subject.  See 
aUn  Report  of  a  Committee  appointed  b^  the  President  of  the  Iiocal  Government  Board  to 
isquxre  into  the  several  modes  of  treating  Town  Sewage,  London,  Eyre  and  Spottiswoode, 

}876. 
f  For  the  oompoaition  of  aewer  water  see  Way,  Second  Report  of  Common  Sewage  of  TowniB^ 
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The  average  composition  of  sewer  water  in  towns  with  water-closets  k, 
organic  matter,  27*72;  nitrogen,  6*21 ;  phosphoric  acid,  1*57  ;  potash,  2*03 
grains  per  gallon.* 

The  Rivers  Pollution  Commissioners  give  7*28  grains  of  organic  nitrogen 
per  100,000  parts,  or  5*41  grains  per  gallon;  the  mean  amount  of  ammonia 
is  6*703  per  100,000,  or  4*696  grains  per  gallon. 

Under  the  microscope,  sewer  water  contains  various  dead  decaying  matters, 
and  in  addition  multitudes  of  Bacteria  and  amoebiform  bodies,  as  well  as 
some  ciliated  infusoria,  especially  Paramecia.  Fungi  (spores  and  mycelium) 
are  seen,  but  there  are  few  Diatoms  or  Desmids,  and  not  many  of  the 
higher  animals,  such  as  rotif  era. 

A  controversy  is  still  going  on,  whether  the  solid  excreta  ought  to  be 
admitted  into  the  sewers.  The  point  is  virtually  practically  decided  in 
many  towns  in  this  country  by  the  general  use  of  water-closets,  which  cannot 
now  in  these  towns  be  superseded  by  any  plan  yet  proposed.  It  is,  however, 
quite  an  open  question,  whether,  if  all  the  arrangements  could  be  commenced 
de  novoy  the  admission  of  the  solid  excreta  would  be  proper. 

The  arguments  for  and  against  this  view  will  presently  be  stated. 

Whether  the  solid  excreta  are  allowed  to  pass  in  or  not,  it  is  clear  that 
the  dirty  water  of  the  sewers  must  in  some  way  be  disposed  of.  It  is  in 
every  case  more  or  less  impure,  containing  animal  and  vegetable  substances 
in  a  state  of  commencing  decay,  which  passes  readily  into  putrefaction.  The 
readiest  mode  of  getting  rid  of  it  is  to  pass  it  into  streams,  where  it  is  at 
once  subjected  to  the  influence  of  a  large  body  of  water,  and  where  the  solid 
matters  either  become  slowly  oxidised,  or  form  food  for  fishes  or  water  plants, 
or  subside.  Although  from  an  early  period  streams  were  thus  contaminated 
and  their  water  originally  pure  was  thus  rendered  unfit  for  use,  it  is  only 
lately  that  a  strong  opposition  has  arisen  to  the  discharge  into  streams. 
This  is  owing  partly  to  the  greater  pollution  and  nuisance  caused  by  the 
more  common  use  of  water-closets  and  the  largely  increasing  trade  of  the 
country,  which  causes  more  refuse  to  be  sent  in,  and  partly  to  the  evidence 
which  has  been  lately  brought  forward  of  the  diseases  wluch  are  caused  by 
drinking  water  made  impure  in  this  way.  To  prevent  the  nuisance  and 
danger  caused  by  the  pollution  of  streams,  many  actions  at  law  have  been 
brought,  and  in  some  cases  special  Acts  of  Parliament  have  forbidden  the 
discharge  of  sewer  water  into  certain  rivers  until  after  efficient  purification. 
The  Eivers  Pollution  Act  of  1876,  now  deals  with  the  question,  its  provisions 
having  come  into  operation  on  the  15th  Aug.  1877. 

Up  to  a  certain  point,  there  would  probably  be  a  general  agreement  as  to 
the  principle  on  which  this  difficult  question  should  be  dealt  with.  Animal 
substances  in  a  state  of  decay  can  be  best  prevented  from  contaminating  the 
air,  the  soil,  or  the  water  of  streams,  by  imitating  the  operations  of  nature. 
In  the  endless  cycle  of  physical  change,  decaying  animal  matters  are  the 
natural  food  of  plants,  and  plants  again  form  the  food  of  animals. 

It  so  happens  that^  with  the  exception  of  some  mineral  trades,  the  waste 
products  of  which  are  hurtful  to  agriculture,  many  of  the  substances  contained 
in  the  sewer  water  of  our  towns  are  adapted  for  the  food  of  plants,  and  we 
seem  on  sure  ground  when  we  decide  that  it  must  be  correct  to  submit  these 
matters  to  the  action  of  plant  life,  and  thus  to  convert  them  from  dangeroui 
impurities  into  wholesome  food. 

The  difficulty  is,  however,  with  the  application  of  the  principle,  end  at  the 

18S1,  p.  69.  et  aeq. ;  Letheby,  The  Sewage  Qaestion,  1872,  p.  185 ;  Report  on  Town  Sewage 
1876. 
*  Jjetheby,  op,  eit,  p.  188. 


BEMOVAL  OF  EXCRETA  BY  WATER.  367 

present  moment  there  is  the  utmost  diversity  of  opinion  on  this  point  It 
seems,  however,  that  we  may  divide  the  opinions  into  two  classes.  Accord- 
ing to  one  opinion,  the  proper  mode  is  to  bring  the  waste  water  of  towns, 
when  it  contains  fertilising  matters,  at  once  to  the  ground,  and  after  the  arrest 
of  substances  which  may  block  the  pipes,  to  pour  it  over  the  land  in  such  a 
way  as  may  be  best  adapted  to  free  it  from  its  impurities,  and  to  bring  it  most 
rapidly  and  efficiently  under  the  influence  of  growing  plants. 

The  other  opinion  objects  to  this  course  on  two  grounds ;  first,  that  the 
substances  are  not  brought  to  the  ground  on  the  most  convenient  form  for 
agriculture,  and  also  that  the  plan  entaOs  evils  of  its  own,  arising  from  the 
immense  quantity  of  water  brought  upon  the  land  and  from  the  difficulty  of 
efficient  mEtnagement  The  advocates  of  this  second  view  would,  therefore, 
use  some  plan  of  separating  the  impurities  of  the  water,  and  would  then  apply 
them  in  a  solid  form  to  the  land,  or  use  them  for  some  other  purpose,  as  in 
General  Scott's  plan  of  adding  the  materials  for  cement  and  then  making  this 
substance.  The  purified  water  would  then  be  filtered  through  land,  or  passed 
into  streams  without  further  treatment 

In  the  case  of  the  sewage  water  containing  materials  not  adapted  for  agri- 
culture, bofch  parties  would  deal  with  it  in  the  same  way,  viz.,  purify  it  by 
chemical  agencies  or  filtration,  and  then  allow  the  water  to  flow  off  into 
streams,  while  the  solid  products  would  be  disposed  of  in  the  most  convenient 
way. 

These  general  views  apply  to  any  sewer  water,  whether  it  contains  solid 
excreta  or  not,  although  if  these  excreta  can  be  perfectly  excluded  the  sewer 
water  is  less  offensive.  It  has  hitherto  been  often  poured  into  streams  with- 
out previous  purification,  though  now  this  practice  is  prohibited  by  law. 

The  sewers  of  a  town  are  for  the  most  part  used  also  to  carry  off  the  rain- 
fall, and,  indeed,  before  the  introduction  of  water-closets,  they  were  used  only 
for  this  purpose,  and  for  taking  away  the  slop  and  sink  water  of  houses.  In 
countries  with  heavy  rainfall,  and  in  this  country  in  certain  cases,  the  rain- 
fall channels  are  distinct  from  the  sewers,  and  the  outfalls  may  be  in  an 
entirely  different  direction.     This  is  sometimes  called  the  ''  separate  system." 

Eemoval  op  Exctbeta  bt  Water. 

This  is  the  cleanest,  the  readiest,  the  quickest,  and  in  many  cases  the  most 
inexpensive  method.  The  water  supplied  for  domestic  purposes,  and  which 
has  possibly  been  raised  to  some  height  by  steam  or  horse  power,  gives  at 
once  a  motive  force  at  the  cheapest  rate  ;  while,  as  channels  must  necessarily 
be  made  for  the  conveyance  away  of  the  waste  and  dirty  water,  which  has 
been  used  for  domestic  purposes,  they  can  be  used  with  a  little  alteration  for 
excreta  also.  It  would  be  a  waste  of  economy  to  allow  this  water  to  pass  off 
without  applying  the  force  which  has  been  accumulated  in  it  for  another 
purpose. 

But  if  this  is  obvious,  it  is  no  less  so  that  certain  conditions  of  success  must 
be  present,  without  which  this  plan,  so  good  in  principle,  may  utterly  fail 
These  conditions  are,  that  there  shall  be  a  good  supply  of  water,  good  sewers, 
ventilation,  a  proper  outfall,  and  means  of  disposing  of  the  sewer  water.  If 
these  conditions  cannot  be  united,  we  ought  not  to  disguise  the  fact  that 
sewers  may  give  rise  to  no  inconsiderable  dangers.  For  what  are  theyt 
They  are  underground  tubes,  connecting  houses,  and  allowing  possibly,  not 
merely  accumulation  of  excreta,  but  a  ready  transference  of  gases  and  organic 
molecules  from  house  to  house,  and  occasionally  also  causing,  by  burstings 
contamination  of  the  ground,  and  poisoning  of  the  water  supply.    And  all 
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these  dangers  are  the  greater  from  heing  concealed.  It  is  probably  correct, 
as  has  been  lately  pointed  out^  that  in  deep-laid  sewers  the  pressure  inwards 
of  the  water  of  the  surrounding  soil  is  so  great  as  frequently  to  cause  an  inflow 
into  the  sewer,  and  so  prevent  the  exit  of  the  contents  ;  but  in  other  cases, 
the  damage  to  the  sewer  may  be  too  great  to  be  neutralised  in  this  way,  and 
in  the  instance  of  superficially  laid  and  choked-up  pipes,  the  pressure  outwards 
of  the  contents  must  be  considerable.*  The  dangers  of  sewers  are  therefore 
so  great  that  many  persons  are  inclined  to  think  their  use  an  entire  mistake, 
but  this  is  probably  going  much  too  far  if  the  securities  above  noted  can  be 
obtained ;  these  securities  are,  a  good  supply  of  water,  properly  constructed 
and  well  ventilated  sewers,  and  means  of  disposal  of  the  sewage  water.  If 
these  three  conditions  can  be  brought  together,  sewers  for  excreta  are  not 
hurtful. 

Amount  of  Water  for  Sewers  intended  for  Excreta, 

Engineers  eare  by  no  means  agreed  on  the  necessary  amount.  In  the 
chapter  on  Water,  I  named  25  gallons  per  head  per  diem,  on  the  authority 
of  Mr  Brunei,  as  the  amount  required  to  keep  common  sewers  clear,  and  even 
with  this  amount  there  should  be  some  additional  quantity  for  flushing.  But 
in  some  cases,  a  good  fall  and  well-laid  sewers  may  require  less,  and  in  other 
cases,  bad  gradients  or  curves  or  workmanship  may  require  more.  It  is  a 
question  whether  rain  water  should  be  allowed  to  pass  into  sewers ;  it  washes 
the  sewers  thoroughly  sometimes,  but  it  also  carries  debris  and  gravel  from 
the  roads,  which  may  clog  ;  while  in  other  cases,  storm  waters  may  burst  the 
sewers,  or  force  back  the  sewage,  f 

Construction  of  Sewers, 

Sewers  are  differently  constructed  according  to  the  purposes  they  are  to 
serve,  i.e.,  whether  simply  to  carry  off  house  and  trade  water,  or  the  solid 
excreta  in  addition,  or  one  or  botl]^  with  the  rainfalL 

In  following  out  the  subject^  it  will  be  convenient  to  trace  the  sewers  from 
the  houses  to  the  outfalL 

House  Pipes  and  Drains. 

It  will  be  convenient  to  call  the  conduits  inside  the  houst,  which  run  from 
sinks  and  closets,  "  house  pipes,"  and  to  give  the  term  "  drain  pipes  "  to  the 
conduits  which  receive  the  house  pipes,  and  carry  the  house  water  into  tanks 
or  main  sewers.  The  house  pipes  may  be  divided  into  sink  and  water-^oset 
or  soil  pipes  ;  they  are  made  of  metal  (lead,  iron,  or  zinc,  or  two  of  these)  or 
of  earthenware.  The  drain-pipes  are  usually  made  of  well-burnt^  hard, 
smooth,  glazed  earthenware.  J  All  bricks,  porous  earthenware,  or  substances 
of  the  kind,  should  be  considered  inadmissible  for  drain  pipes.  Iron  pipes, 
unless  thoroughly  cemented  inside,  are  not  good.§    The  pipes  and  drains 

•  In  Frankfort  the  sewers  were  made  with  good  and  well-cemented  bricks,  and  yet  Petten- 
kofer  found  a  stream  of  water  in  them  before  the  sewer  water  had  been  allowed  to  enter.  On 
the  other  hand,  in  Munich,  in  a  sewer  of  common  brick  and  cement,  the  water  flowed  out  so 
fast  that  a  flask  of  760  C.C.  was  filled  in  fifteen  minutes  (Roth  and  Lex.  op.  cit.  p.  480).  1\> 
avoid  the  entrance  of  subsoil  water,  a  plan  has  lately  come  into  use  in  this  oountiy  of  ^ving 
an  under  drain  for  the  subsoil  water,  and  pipe  drains  of  this  kind  are  now  made  by  Mesan 
Brooke  of  Huddersfield. 

t  Storm  overflows  require  to  be  provided ;  for  a  description  of  them  see  Bailey  Denton,  op, 
eU.  sections  IziL  and  Ixxxv. 

X  Mr  Baldwin  Latham  cautions  us  .to  see  that  the  tocket  of  the  drain-pipe  is  made  with, 
and  is  a  component  part  of  the  pipe,  and  not  merely  joined  on. 

§  Perhaps  BarfPn  process  may  become  applicable.  Iron  pipes  with  lead  joints  an  found 
good  among  trees,  the  roots  of  which  often  penetrate  the  joints  of  earthenware  pipes  when  not 
carefully  laid.  Concrete  is  also  well  spoken  of.  Coating  the  pipes  and  joinn  with  coal-tar 
prevents  (according  to  Mr  Mechi)  the  penetration  of  weeds  and  roots. 
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VBiy  in  size  from  4  to  ISinches  diameter,* but  the uscial size  isS  to8  inches; 
they  are  round  or  oval  in  shapaf 

GownMiion  of  House  Pipes  with  the  Drains, — It  is  customaiy  to  commence 
the  drains  at  the  basement  of  the  house,  and  the  sink  and  closet  pipes  pass 
down  inside  the  house  and  join  on,  a  water-trap  being  placed  at  the  junction.^ 
As  the  aspiratoiy  power  of  the  warm  house  is  then  constantly  tendii]^  to  draw 
air  through  the  water-trap,  and  as  the  trap  is  liable  to  get  out  of  order,  it  i£l 
most  desirable  to  alter  Hhis  plan.  The  drains  should  end  outside  the  house, 
and  as  far  as  possible  every  house  pipe  should  pass  outside  and  not  inside  or 
between  walls  to  meet  the  drain.  The  object  of  this  is  that  any  imperfection 
in  the  pipe  should  not  allow  the  pipe  air  to  pass  into  the  houses.  At  the 
junction  of  the  house  pipe  and  drain,  there  should  not  only  be  a  good  water- 
tiap,  but  one  of  the  plans  proposed  by  engineers  should  be  adopted,  by  means 
of  which  there  is  a  complete  ventQation  and  connection  with  the  outside  air  at 
the  point  of  junction.  The  rule,  in  fact,  should  be,  that  the  union  of  any 
house  pipe  whatever  with  the  outside  drain  should  be  broken  both  by  water 
and  by  ventilation  (see  page  371).  In  addition,  it  should  be  a  strict  rule, 
that  no  drain  pipe  of  any  £nd  should  pass  under  a  house ;  if  there  must  be 
a  pipe  passing  from  front  to  back,  or  the  reverse,  it  is  much  better  to  take  it 
above  the  basement  floor  than  underneath,  and  to  have  it  exposed 
throughout  its  course.  It  is  hardly  possible  to  insist  too  much  on  the 
importance  of  this  rule  of  disconnection  between  house  pipes  and  outside 
drains.  Late  events  have  shown  what  a  risk  the  richer  classes  in  this 
country  now  run,  who  not  only  bring  the  sewers  into  the  houses,  but  multi- 
ply water-closets,  and  often  put  them  close  to  bedrooms.     The  simple  plan  of 


Fig.  88.— Jenningf 8  Aoceas-pipe.  Fig.  83.  —Stiff's  Acoefw-pipe  and 

Junction. 


Fig.  84.— Donlton  and  Watt's  Aocess-pipe. 

disconnection,  if  properly  done,  would  insure  them  against  the  otherwise  cer- 
tain danger  of  sewer  air  entering  the  house.     Houses  which  have  for  years 


*  Pipes  are  made  np  to  86  inches,  nsoally  round  np  to  16  or  18  inches,  and  oral  above  that 
Ensineers  are  now  desiroos  of  restricting  the  term  '^ drain"  to  a  pipe  that  merely  draws  off 
moutare  from  land,  nsins  the  term  "  sewer  "  for  a  pipe  carrying  sewage  or  liquid  refuse  of  any 
kind.  This  distinction,  nowever,  haa  not  been  made  in  the  Public  Health  Act  of  1875,  and  I 
have  therefore  made  no  alteration  in  the  text.  (See  Bailey  Denton's  Sanitary  Engineering,  p.  16. ) 

f  I  may  refer  to  a  nseftil  little  work  by  Mr  William  Eassie,  called  Healthy  Houses  (2d 
edition),  for  much  information  on  this  and  kindred  subjects.  Borne  of  the  drawings  given  live 
have  been  copied  from  Mr  Eassie's  work,  by  his  permission ;  reference  may  also  be  made  to 
Sanitary  Arrangements  for  Dwellings,  by  the  same  author. 

X  BnildsTs  are  always  anxious  to  conceal  tubes,  and  thus  carry  tliem  inside  the  walls,  or  in 
the  case  of  hollow  walls,  between  the  two.  The  consequence  is  that  any  escape  of  air  must  be 
into  the  house.  I  have  known  a  case  in  which  the  leakage  of  a  closet  pipe  carried  down  in  a 
hollow  wall  constantly  contaminated  the  air  of  the  house.  It  would  oe  infinitely  better  to 
ran  the  pipes  at  once  through  the  wall  to  the  outside.  Few  persons  have  any  idea  of  the  care- 
leesnesa  oiplumbers'  work — of  the  bad  junctions,  and  of  the  rapidity  with  which  pipes  get  out 
of  order,  and  decay.    When  a  leaden  pipe  carrying  water  is  led  into  a  water-closet  discharge 

Eipe,  it  is  fteouently  simply  puttied  in,  and  very  soon  the  dried  putty  breaks  awav,  and  there 
( a  complete  leakage  of  gas  Into  the  house.  Even  if  well-joined,  the  lead  pipe  will,  it  is  said, 
contract  and  expand,  and  thus  openings  are  at  last  formed.  Dr  Feigns  of  Glasgow  has 
directed  particular  attention  to  this,  in  the  case  of  lead  closet  pipes,  which  become  easily 
perforalec^  and  which  have  only  a  lixnited  duration  of  wear, 

2a 
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been  a  nnisance  from  perBiatent  Bmells  have  been  purified  and  become  health.^ 
by  this  meana. 

Cleaning  of  Pipes  and  Draina. — Kpee  are  cleaned  by  flexible  bamboo  or 
jointed  Tods  with  ecrews  and  tollers  to  looeen  sediment  But  for  perfect  safety 
it  is  desirable  to  have  drain  pipes  vMcb  can  be  opened  at  interrals  by  means 
of  lids  or  caps.  Several  kinds  of  pipes  of  tbis  kind  ("  accesa-pipee  ")  are  now 
niade,  and  Mr  Eossie  states  tbat  many  arcbitects  always  include  tbem  in  their 
specifications.  Drain  pipes  should  aiao  be  'cleared  out  by  regular  flushing 
carried  out  not  less  oft«n  than  once  a  month. 

Laying  of  Drains. — They  should  be  laid  very  carefully  on  concrete  in  all 
looee  soils,  and  on  well-worked  puddled  clay  in  clay  soils.  Sometimes,  in 
very  loose  soils,  even  piling  for  tiie  depth  of  a  foot  must  be  used  besides  the 
concrete.  When  pipes  are  not  laid  on  a  good  foundation,  leakage  is  sure  to 
occur  sooner  or  later,  and  the  final  expense  is  far  more  than  the  first  outlay 
would  have  been.  The  greatest  care  must  be  taken  in  laying  and  joining  the 
pipes.  In  a  wet  soil,  a  good  plan  is  to  have  a  firm  basis,  which  is  it«elf  per- 
forated to  carry  off  subsoil  water,  and  to  put  tbe  drain  over  tbis  as  in  the  plan 
of  Messrs  Biooke  and  Son  of  Huddersfield  (see  fig.  96). 

The  "junction  "of  pipee  is  accomplished  by 

^  J^      ?~9       &^  special  pipes,  known  by  tbe  names  of  single  and 

v'/  1 1  If      'i"'''*^*  squares,  curved  or  oblique  junctions,  ac- 

U  U      cording  to  the  angle  at  which  one  pipe  runs  into 

A         r| — rt  tbe  other.     The  square  junctions  are  undesirable, 

—  "^      Ttrr    H  /TGJ  "*  ^''**'^"8^  '"'^  ^ways  occur,  and  the  oblique 

W    ~~      *  '-'  '     ^  L/^  junctions  should  be  insisted  upon.     When   one 

pipe  opens  into  another,  a  taper  pipe  is  oft«u  used ; 

1  the  calibre  being  contracted  before  it  enters  the 

F    8S  —J    ctl  m.  receiving  pipe. 

Fall  of  Drain  Pipes. — 1  in  48  is  frequently 
given,  or  |  inch  in  every  yard ;  a  fall  of  1  in  66  in  drains  of  6  inches -diameter, 
and  1  in  87  in  drains  of  8  inches  diameter,  will  give  a  velocity  of  220  feet 
per  minute.  Mr  Easaie  says  "  the  best  practice  is  to  allow  a  fall  of  2f  or  3 
inches  to  every  10  feet,"  that  is  about  1  in  40. 

House-Traps. — As  the  traps  are  usually  the  only  saf^uard  againet  the 
warm  bouse  drawing  sewer  air  into  it,  the  utmost  attention  is  necessary  to 
insure  their  efficiency.  There  is  almost  an  infinite  diversity,  but  they  con  be 
conveniently  divided  into  the  syphon,  the  midfeatber,  the  fiap-trep,  and  the 
ball-trap. 

The  syphon  is  a  deeply-curved  tube,  the  whole  of  tbe  curve  being  always 

full  of  water.     It  is  a  useful  trap,  and  efficient  if  the  curve  is  deep  enough, 

so  that  there  is  a  certain  depth  of  water  (not  less  than  f  inch)  standing  above 

the  highest  level  of  the  water  in  the  curve,  and  if  the  water  is  never  sucked 

out  of  it,  and  if  the  pipe  is  not  too  small,  so  that  tbe  water 

is  carried  away  when  it  runs  full,  by  the  syphon  action  of 

the  pipe  beyond. 

The  midfeather  is  in  principle  a  syphon  ;   it  ja  merely  a 

(round  or  square  box,  with  the  entry  at  one  side  at  the  top, 
and  the  discbarge-pipe  at  a  corresponding  height  on  the 
opposite  side,  and  between  them  a  partition  reaching  below 
Fig.  Sfl.— Aniill    the  lower  margin  of  both  pipes.     Water,  of  course,  stands 
GmK^  ^^^    '^  ^^^  ^^  "  receptacle  to  the  height  of  the  discho^  and 
therefore  tbe  partition  is  always  to  some  extent  under  water. 
Tbe  extent  should  not  be  lees  than  three-fourths  of  an   inch.     Heavy 
substances  may  subside  and  collect  in  the  box,  from  which  they  can  be 
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Temoyed  from  time  to  time.  The  common  ball-trap,  with  its  modifications, 
is  a  variety  of  the  midf eatheivtiap.  I  figure  a  good  kind  of  common  sink 
trap. 

The  flap  is  used  only  for  some  drains,  and  is  merely  a  hinged  valve  which 
allows  water  to  pass  in  one  direction,  but  which  is  so  hung  as  to  close  after- 
wards by  its  own  weight.  It  is  intended  to  prevent  the  reflux  of  water  into 
the  secondary  drains,  and  is  supposed  to  prevent  the  passage  of  sewer  gas. 
But  it  is  probably  a  very  imperfect  block. 

The  ball-trap  is  used  in  some  special  cases  only  ;  a  ball  is  lifted  up  as  the 
water  rises,  until  it  impinges  on  and  closes  an  orifice.  ' 

However  various  may  be  the  form  and  details  of  the  water-trap,  they  can 
be  referred  to  one  or  other  of  these  patterns. 

Effidefncy  of  Traps, — Supposing,  of  course,  they  are  properly  laid,  a  trap 
is  efficient,  if  water  stands  in  it  to  the  height  of  f  inch  above  openings,  ii 
water  passes  through  it  sufficiently  often,  and  with  force  enough  to  clear  out 
the  receptacle  and  renew  the  water  in  it  But  traps  are  often  ineffective — 
1^,  From  bad  laying,  which  is  a  very  conmion  fault  2^,  From  the  water 
getting  thoroughly  impregnated  with  sewer  effluvia,  so  that  there  is  escape  of 
effluvia  from  the  water  on  the  house  side.  3^2,  From  the  water  passing  too 
seldom  along  the  pipe,  so  that  the  trap  is  either  dry  or  dogged.  U\  From  the 
pipe  being  too  small  (2  or  3  inches  only)  and  '^  running  full,''  which  will  some-; 
times  suck  the  water  out  of  the  trap  ;  it  usually  occurs  in  this  way,  as  fre- 
quently seen  in  sink  traps :  the  pipe  beyond  the  trap  has  perhaps  a  very  great 
and  sudden  fall,  and  when  it  is  full  of  water  it  acts  like  a  syphon  and  sucks 
all  the  water  out  of  the  trap  ;  to  avoid  this,  the  pipe  should  be  large  enough 
to  prevent  its  running  full,  or  the  trap  should  be  of  larger  calibre  than  the 
rest  of  the  pipe,  bth^  Traps  may  perhaps  be  inefficient  from  the  pressure  of 
the  sewer  air,  combined  with  the  aspirating  force  of  the  house  displacing  the 
water  and  allowing  the  air  uninterrupted  communication  between  the  sewer 
and  the  house.  The  extent  of  the  last  danger  cannot  be  precisely  stated.. 
From  a  long  series  of  observations  on  the  pressure  of  the  air  in  the  London^ 
sewers,  Dr  Burdon-Sanderson  ascertained  that,  in  the  main  sewers  at  any  rate, 
the  pressure  of  the  sewer  air,  though  greater  than  that  of  the  atmosphere, 
could  never  displace  the  water  in  a  good  trap.  In  a  long  house-drain  which 
got  clogged,  and  in  which  much  development  of  gaseous  effluvia  occurred, 
there  might  possibly  be  for  a  time  a  much  greater  pressure,  but  whether  it 
would  be  enough  to  force  the  water  back,  with  or  without  the  house  suction, 
haa  not  been  yet  experimentally  determined.  But  the  reasons  already  given 
show  that  we  ought  not  to  place  dependence  solely  on  traps,*  though  they 
are  useful  adjuncts.  In  arranging  the 
house  pipes,  it  is  desirable  not  to  carry 
the  sink  and  waste-water  pipes  into 
the  closet  soil-pipes,  but  if  it  can  be 
done,  to  let  them  empty  in  the  open 
air  over  a  grating.  In  the  case  of 
soil  or  water-closet  pipes,  or  of  the 
pipe  formed  by  the  junction  of  soil 
and  waste-water  pipes  (if  such  jun^  l^'g;*';^"!-^!^-  ^^"^^^ZZ 
tion  cannot  be  avoided),  there  must     and  Trap.  by  Jenniiigs. 

be  also  a  complete  air-&sconnection 
between  the  pipe  and  drain  by  means  of  one  of  the  contrivances  now  used 


*  •  «  Honestly  speaking,  traps  are  dangerous  articles  to  deal  with ;  they  should  be  treated 
merely  as  anxiliaries  to  a  good  drainnge  system."    (Eassie.) 
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b7  engineerB.     At  the  point  irhete  this  discotmectioii  ie  made,  there  ought  to 
be  some  easy  means  of  getting  at  it  for  inspectioa. 

There  are  Tarioua  plans  of  disconnecting  the  house  pipe  and  ontade  drun. 
The  simplest  plan  is  to  trap  just 
ontdde  the  house;  to  open  the 
drain  on  the  side  of  the  trap  most 
distant  from  the  houses  and  to  cany 
p  a  4r-inch  pipe  to  as  great  a  height 


In  Mansetgh's  "  ventiJatiiig  trap  " 
there  is  a  email  trap  connected  with 
the  house  pipe,  and  a  larger  one  con- 

"SrS-^rsa-iss  .f^sya  t  -"ti  "4  th.  d™,  pip,,  pppoji. 

«lIo«  efflnx  o(  g»  If  thB  mter-trap  la  (breed,  to  whlch  IS  a  ventilating  pipe  01  4 
0,  Dnin.  inches  diameter,  nmning  up  to  the 

top  of  the  house.  Between  the  honse  pipe  and  the  disin  pipe  is  the  water  of  the 
trap,  surmounted  hj  a  grating  to  the  open  air.  Another  plan  is,  to  have  a 
syphon  or  midfeather-tiap,  with  a  giating  oyer  the  water  in  the  tiap  which  is 
nearest  the  house.  The  rain-water  pipes,  and  the  pipes  carrying  merely  waste 
washing  or  bath-water,  can  open  over  this  grating.  If  the  sewer  air  is  forced 
back,  it  will  rise  through  the  grating  in  all  probability,  or  if  drawn  into  the  house, 
will  be  much  diluted.  One  advantage  of  this  plfm  is,  if  the  trap  gets  diy  or 
clogged,  and  foul  air  paaseB  through  the  grating,  it  is  soon  detected,  and  the 
trap  is  examined,  ^ofeesoi  fieynolds*  has  suggested  an  anangement  which 
seems  very  good  and  simple. 

A  man-hole  is  sunk  aboat  two  feet  8quai«,  to  the  outside  drain,  and  an 
open  cement«d  trough  is  formed  of  the  same  width  ae  the  drain ;  the  house 
pipe  on  one  side  and  the  drain  on  the  other  are  connected  with  the  trough, 
but  are  depressed  so  that  the  water  stands  in  the  ttoogh  half-an-inch  higher 
on  the  sewer  side,  and  one  inch  above  the  mouth  of  the  pipe  on  the  house 
side.     There  is,  in  fact,  a  double  midfeather  water-trap,  so  to  speak,  and  an 


Fig  (K)— Bejmolda'i  Han-hole  ud  Trongli,  and  Ram-epont  opening  over  Trongli. 

opening  over  the  water  between  Ae  two,  which  will  allow  gas  to  escape  if  it 
forces  its  way  from  the  sewer. 

Professor  Reynolds  considera  that  if  this  arrangement  is  adopt«d  no  otber 
traps  will  be  neceesaiy,  and  all  the  house  pipes  may  be  left  nutrapped  except 
the  closet  pipe. 

A  lain-water  pipe  may  open  above  the  open  part  of  the  tttmgh  to  clear 

at  Owen'*  College, 
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#way  any  ecnm  jridak  n^j  collact  in  the  trough.  The  plan  may  be  oarried 
out  more  simply  by  inaerting  a  pipe  in  the  centre  of  a  eyphon,  and  carrying 
thia  pipe  to  the  sorface,  or  logher  if  conaidered  desiiable. 
There  ate  TariouB  eimilar  anongemente.  The  "  BomeTaet  ~ 
fatent  Trap,"  designed  by  Mr  Honeyman,  and  much 
used  at  Glasgow,  ie  a  midfeather  trap  with  an  oii-ehaft  on 
each  aide  the  partitbn ;  on  one  aide  the  shaft  ventilates  the 
pipe  leading  to  the  eewer ;  on  the  other,  allows  fresh  air  to 
pass  into  the  house  pipe.  This  second  shaft  also  aUows  the  trap  to  be  cleaned.* 
Bain-water  pipes  are  sometinies  used  to  ventilate  drains,  but  independent 
of  their  small  sire,  which  often  leads  to  blockage,  they  are  often  full  of  rain, 
and  cannot  act  at  the  time  when  ventilation  is  most  required. 


Fig.  M.—Dooltou't 
VsJvB  uid  Fl^i 
BiMd  Oally. 

In  yards,  golly  traps  of  different  kinds  are  need,  the  action  of  which  wiU 
be  at  once  understood  from  the  drawings. 

£xamination  of  Eouee  Pipes  and  Traps. 

Pipes  and  traps  ars  generally  bo  covered  in  that  they  cannot  be  inspected ; 
bnt  this  is  a  bad  arrangement.  If  possible,  all  cover  and  skirting  boards 
concealii^  them  should  be  removed,  and  the  pipe  and  trap  underground  laid 
bare,  and  every  joint  and  bend  looked  to.  But  supposing  this  cannot  be 
done,  and  that  we  must  examine  as  well  as  we  can  in  the  dark,  so  to  speak, 
tiie  following  is  the  best  course.  Let  wat«r  run  down  tiiie  pipe,  and  see  if 
there  is  any  smell ;  if  so,  the  pipe  is  full  of  foul  air  and  wants  ventilation,  oi 
&.e  trap  is  bad.  If  a  ligktad  candle,  or  a  bit  of  smonldering  brown  paper,  is 
held  over  the  entrance  of  the  pipe  or  the  grating  over  a  trap,  a  reflux  of  air 
may  be  found  with  or  without  water  b^ng  poured  down.  It  should  be 
noticed,  also,  whether  the  water  runs  away  at  once,  or  if  there  is  any  check. 
This  ie  all  that  can  be  done  inside  the  boose ;  hut  though  the  pipe  cannot  be 
disturbed  inside,  it  may  be  possible  to  open  tbe  earth  ontside,  and  to  get 
down  to  and  open  a  dr^  ;  in  that  case,  pour  water  mixed  with  lime  down 
the  house  pipe  ;  if  the  whitened  water  is  long  in  appearance,  and  then  runs  in 
a  dribble  mwely,  the  drains  want  flushing  ;  if  it  is  much  coloured  and  mixed 
with  dirt,  it  shows  the  [Apes  and  tr^  are  foul,  or  there  is  a  sinking  or 
depression  in  some  part  of  the  drain  where  the  water  is  lodging.  The  pipe 
should  then  be  flushed  by  pouring  down  a  pailful  of  lime  and  water  till  tike 
limewatei  flows  off  nearly  clear. 

*  The  fonna  of  tn|i«  Utely  Introduced  are  Tery  nniDeroai,  aoina  kUiiMBtly  my  good,  inch 
•■  Potti*  Edinburgh  Tnp  and  Banna'a  Tnp  ;  athen  waald  proh&bly  be  fairly  eScient,  wbibt 

uiniA  wmitfl  }w  tmIIt  njutlHW.      'nnavrinn  nf  manv  will  ha  fmind  in  Mr  Euiaie'l  and  Hr  BaiIaV 
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Yard-traps  are  often  very  foul,  and  if  the  trap-water  be  stined,  gas  bubblaft 
x>ut,  which  is  a  sign  of  great  foulness,  or  that  the  traps  are  seldom  used. 

Main  Sewers, 

The  oujtside  house  drain  ends  in  a  channel  which  is  common  to  several 
drains,  and  which  is  of  laiger  size.     These  larger  sewers  are  made  either  of 

round  glazed  earthenware  pipes  from  15  to  24 
inches  diameter,  or  of  well>bumt  impervious  brick 
moulded «  in  proper  curved  shape  and  set  in 
Portland  cement,  or  stoneware  bricks  are  partly 
used.  The  shape  now  almost  universally  given, 
except  in  the  largest  outfall  part,  is  that  of  an 
Fig.  96.— Brooks's  combined  ^;g  with  the  small  end  downwards.  Engineers 
Drain  and  Subsoil  Pipe.  take  the  greatest  care  with  these  brick  sewers  ; 
they  are  most  solidly  put  together  in  all  parts,  and  are  bedded  on  a  firm  un- 
yielding bed.  Much  discussion  has  taken  place  as  to  their  size,  and  the 
general  opinion  of  engineers  appears  to  be,  that  a  street  or  main  drain  should 
be  large  enough  to  allow  a  man  to  creep  through,  but  that  all  other  sewers 
should  be  smidler,  and  with  such  a  fall  as  to  be  self-deansing. 

Sewers  should  be  laid  in  as  straight  lines  as  possible,  with  a  regular  fall ; 
tributary  sewers  should  not  enter  at  right  angles,  but  obliquely  ;  and  if  the 
sewer  curves,  the  radius  of  the  curve  should  not  be  less  than  10  times  the 
cross  sectional  diameter  of  the  sewer.  Sometimes  there  is  an  arrangement  for 
subsoil  drainage  under  a  pipe  drain,  as  in  the  plan  proposed  by  Mr  Brooks. 

The  fall  for  street  drains  is  usually  from  1  in  244  to  1  in  784,  according  to 
the  size  of  the  drain.  The  flow  through  a  sewer  should  in  no  case  be  less  than 
^  feet  per  second,  and  3  is  better.  As  in  the  house  drain,  the  fall  should  be 
equable  without  sudden  changes  of  level* 

Access  to  Sewers, 

It  is  of  importance  that  to  all  sewers  capable  of  being  entered  by  a  man, 
there  should  be  an  easy  mode  of  access.  Man-holes  opening  above,  or,  what 
is  better,  at  the  side,  should  be  provided  at  such  frequent  intervals,  that  the 
sewers  can  be  entered  easily  and  inspected  at  all  points.  The  man-holes  are 
sometimes  provided  with  an  iron  shutter  to  prevent  the  sewer  air  passing  into 
the  street,  or  by  the  side  of  the  man-hole  there  may  be  a  ventilating  chamber 
rwith  trays  of  charcoal  f 

CcdcvloBtion  of  Discharge  from  Sewers,  % 

Several  formulae  have  been  given,  of  which  the  following  is  the  most 
fiimple  : —  

V  =  55x(VDx2F)xA. 

V  =  velocity  in  cubic  feet  per  minute. 
D  =  hydraulic  mean  depth. 

F  =>  fall  in  feet  per  mile. 

A  s  section  area  of  current  of  fluid. 

To  use  this  formula,  the  hydraulic  mean  depth  when  the  sewage  is  flowing, 

■ —  -        -^-  — 

^  *  In  some  cases  a  fall  is  almost  impossible  to  obtain,  as,  for  instance,  at  Sonthpoit,  in  Lan- 
cashire, where  the  ground  is  nearly  a  dead  level.  The  fall  there  is  about  1  in  60(X),  and  never 
exceeds  1  in  3000.  In  such  a  case  the  drain  would  have  to  be  cleaned  either  by  locks  or  valves 
(flushing-gates)  to  retain  a  portion  of  the  contents  for  a  time,  and  then  set  them  free  suddenly 
in  order  to  flush  the  next  section. 

t  Mr  Baldwin  Latham  joins  the  sewers  in  man-holes,  so  that  if  one  is  blocked  another  may 
^  used ;  the  outlet  being  at  the  lower  level. 

X  The  following  toble,  taken  from  Mr  Wicksteed^  will  be  found  useM ; , 
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and  the  amotmi  ai  fall  in  feet  per  mfle,  must  be  first  asceitainecl.  The 
hydraulic  mean  depth  is  ^th  the  diameter  if  the  pipe  is  running  full ;  if  thd 
pipe  is  not  full,  it  is  the  section  area  of  curtcmt  of  fluid  divided  by  the  wetted 
perimeter.  The  wetted  perimeter  is  that  port  of  the  circle  of  the  pipe  wetted 
by  the  fluid.  The  fall  in  feet  x>^  mile  is  easily  obtained,  as  the  fall  in  50  or 
100  or  200  feet  can  be  measured,  and  the  fall  per  mile  calculated  (5280  feet 
» 1  mile).  Having  got  these  numbers,  multiply  the  hydraulic  mean  depth 
by  twice  the  fall  in  feet  per  mile,  and  take  out  the  square  root.  Multiply 
this  by  55,  and  tiie  result  by  the  section  area.  The  number  obtained  gives 
the  amount  in  enbic  feet  per  minute. 

Movement  of  Air  in  the  Setoers  and  VentHaOon,* 

H  seems  certain  that  no  brick  sewer  can  be  made  air-tight ;  for  on  account 
of  the  numerous  openings  into  houses,  or  from  leakage  through  l»ickwork,  or 
exit  through  gratings,  man-holes,  and  ventilating  shafts,  the  air  of  the  tubes 
is  in  constant  connection  with  the  external  air.  There  is  generally,  it  is 
believed,  a  current  of  air  with  the  stream  of  water  if  it  be  rapid«  The  tension 
of  air  in  main  sewers  is  seldom  very  different  from  that  of  the  atmosphere,  or 
if  there  be  much  difference  equilibrium  is  quickly  restored.  In  twenty-three 
observations  on  the  air  of  a  Liverpool  sewer,  it  was  f oond  by  Dr  Burdon- 
Sanderson  and  myself,!  that  in  fifteen  cases  the  tension  was  less  in  the  sewer 
than  in  the  atmosphere  outside  (i.e.,  the  outside  air  had  a  tendency  to  pass 
in),  and  in  eight  cases  the  reverse ;  but  on  the  average  of  the  whole,  there  was 
a  slight  indraught  into  the  sewer.  In  the  London  sewers,  on  the  other  hand| 
Sanderson  noticed  an  excess  of  pressure  in  the  sewers. 

If  at  any  time  there  is  a  very  rapid  flow  of  water  into  a  sewer,  as  in  heavy 
rains,  the  air  in  the  sewer  must  be  displaced  with  great  force,  and  possibly 
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Mr  Latham  (Leetnres  on  Sanitary  Engineering,  deliveTed  to  the  Royal  Engineers  at  Chatham) 
gives  a  table^  of  which  the  following  is  an  extract : — 


Dlaroeterln 
inches. 

Eate  of  inclination  for  relodty  per  aeoond. 

3  feet. 

8  feet 

4  feet. 

6  feet. 

6  feet 

4 

1:194 

1:92 

1:53 

1:34 

1:24 

6 

292 

137 

80 

51 

86 

8 

389 

183 

106 

69 

48 

9 

437 

206 

119 

77 

54 

10 

486 

229 

133 

86 

60 

12 

583 

276 

159 

103 

72 

In  this  table  the  velocity  in  feet  multiplied  by  the  inclination  equals  the  length  of  the 
sewer  to  which  the  calculation  applies.  For  example,  if  the  velocity  is  6  feet  per  second  in  a 
pipe  whose  diameter  is  4  inches,  then  6  x  24  — 144  feet  is  the  length  of  the  sewer. 

*  For  composition  of  sewage  air,  see  p.  108. 

t  Report  on  the  Sanitary  Condition  of  Liverpool,  1870,  p.  27. 


:S76  BEMOVAL  OF  EXQRETA. 

may  force  vreek  traps ;  but  the  pressure  of  air  in  the  sewers  is  not  appreciably 
affected  by  the  rise  of  the  tide  in  the  case  of  seaboard  towns.*  The  tide  rises 
slowly,  and  the  air  is  displaced  so  equably  and  gradually  through  the  nume- 
rous apertures,  that  no  movement  can  be  detected*  It  is  not  possible,  there- 
fore, that  it  can  force  water-traps  in  good  order. 

On  the  contrary,  the  blowing  off  of  steam,  or  the  discharge  of  air  from  an 
air-pump  (as  in  some  trade  operations),  greatly  heightens  the  pressure,  and 
might  drive  air  into  houses.  So  also  the  wind  blowing  on  the  mouth  of  an 
open  sewer  must  force  the  air  back  with  great  force. 

It  is,  therefore,  important  to  protect  the  outfall  mouth  of  the  sewer  against 
wind  by  means  of  a  flap,  and  to  prohibit  steam  or  air  being  forced  into  sewers. 

To  how  great  an  extent  it  is  the  openings  into  houses  which  thus  reduce 
the  tension  of  the  air  in  main  sewers  is  difficult  to  say,  but  there  can  be  little 
doubt  that  a  large  effect  is  produced  by  houses  which  thus  act  as  ventilating 
shafts. 

When  a  sewer  ends  ia  &  eul  de  eae  at  sl  high-level  sewar,  gas  will  rise  and 
press  with  some  force  ;  at  least  in  one  or  two  cases,  the  opening  of  such  a  cid 
de  mc  has  been  followed  by  so  strong  a  rush  of  air  as  to  show  that  there  had 
been  considerable  tension*  It  is  also  highly  probable,  from  the  way  in  which 
houses  standing  at  the  more  elevated  parts  of  sewers,  and  communicating  with 
them,  are  annoyed  by  the  constant  entrance  of  sewer  air,  while  houses  lower 
down  escape,  that  some  of  the  gases  may  rise  to  the  higher  levels. 
•  That  no  sewer  is  air-tight  is  certain,  but  the  openings  through  which  the 
^  escapes  are  often  those  we  should  least  desire.  It  is  therefore  absolutely 
necessary  to  provide  means  of  exit  of  foul  and  entianoB  of  fresh  air,  and  not 
to  rely  on  accidental  openings.  The  air  of  the  sewer  should  be  placed  in  the 
most  constant  connection  with  the  external  air,  by  making  openings  at  every 
point  where  they  can  be  put  with  safety.  In  London  there  are  numerous 
,gratings  which  open  directly  into  the  streets,  and  this  plan,  simple  and 
apparently  rude  as  it  is,  can  be  adopted  with  advantage  whenever  the  strests 
are  not  too  nanow.  But  in  narrow  streets  the  sewer  gratings  often  become  so 
offensive  that  the  inhabitants  stop  them  up.  In  sudi  cases,  the  outpouring 
sewer  air  must  be  deodorised  with  charcoal,  or  there  must  be  ventilating  shafts 
of  as  lai^  a  diameter  as  can  be  afforded,  and  running  up  sufficiently  high  to 
safely  discharge  the  sewer  air.f  In  some  of  these  cases  it  may  be  possible  to 
connect  the  sewers  with  factory  chimneys.  |  The  sewer  should  never  be  con- 
nected with  the  chimneys  of  dwelling-houses. 

In  making  openings  in  sewers  it  seems  useless  to  follow  any  regular  plan. 
The  movement  of  the  sewer  air  is  too  irregular  to  aUow  us  to  suppose  it  can 
ever  be  got  to  move  in  a  single  direction,  though  probably  the  most  usual 
course  of  the  air  current  is  with  the  stream  of  water,  if  this  be  rapid.  The 
openings  should  be  placed  wherever  it  can  conveniently  be  done  without  creat- 
ing a  nuisance.  Some  of  these  openingQ  will  be  inlets,  others  outlets,  but  in 
any  case  dilution  of  the  sewage  effluvia  is  sure  to  be  obtained.  Mr  Eawlinson 
considers  that  every  main  sewer  should  have  one  ventilator  every  100  yards, 
or  18  to  a  mile,  and  this  should  be  a  large  effective  opening.§ 

•  Vide  same  Report,  p.  21,  for  the  case  of  Liyerpool.  Dr  Corfield's  obeerratioa  at  Scar- 
borough was  confirmatory. 

t  In  Liverpool  there  are  small  shafts  with  Archimedean  screws  at  the  top.  From  the  obset^ 
rations  of  Sanderson  and  myself,  it  appears  that  these  screws  do  act,  bat  not  to  such  an 
extent  as  to  wanrant  the  expense. 

,  ;  It  seems  inadvisable  to  erect  chimneys  and  use  fires  with  an  idea  of  TentQatiiig  the 
•ewers  on  a  general  plan,  the  air  wonid  simply  be  drawn  with  great  force  thzongh  the  nearest 
openings.  But  local  ventilation  by  a  factory  chimney,  when  gratings  cannot  be  used,  ia  a 
different  thing. 

f  Others  have  recommende4  one  in  50  yards. 


INSPECTIOH  or  BEWSGS.  377 

BQt  tlten  may  be  cases  when  special  apptiances  most  be  osed.  For  eX' 
ample,  in  what  are  called  "  sewen  of  deposit,"  as  when  the  oatflow  of  the 
sewer  water  is  cbecked  for  seveial  houis  daily  by  the  tide  or  other  causes,  it 
may  be  necesaoiy  to  provide  special  shafts  and  tbe 
indication  for  tins  will  be  the  evidence  of  constant  | 
escape  of  sewerair  at  particular  points. 

Ckareoai  Trayt. — The  use  of  charcoal  ttaps  (as  re-  I 
commended  by  Steuhouse)  in  such  shafts,  or  at  the  j 
side  of  gratings,   ia  becoming  very  conunon.      The 
charcoal  ehoold  be  in  pieces  about  the  size  of  a  small 
bean,  and  should  be  in  two  or  three  strata  of  from  2  to 
3  inches  each  in  thickneas.     It  should  be  protected 
irom  wet,  and  will  then  act  for  years.     If  too  thickly  p.    ^  _ci,grw»l  Tra™. 
laid,  or  if  pressed  together,  the  charcoal  stay  impede      Savu'  Outlet  Pipaa. 
the  movement  of  the  air. 

In  the  city  of  London,  the  boxes  used  by  Mr  Heywood  are  of  iron,  18 
inches  deep  and  14  inches  wide,  and  cantaining  six  tiays,  each  containing 
charcoal  pieces  as  large  as  filberts,  2  inches  deep.  The  sewer  gas  must  pass 
through  the  charcoal  and  not  over  it ;  the  air,  ^tor  passing  through  the  char- 
coal, is  inodorous ;  the  charcoal  absorbs  gases  and  organic  matter,  which  it 
oxidises  into  nitric  Add  ;  it  also  abeorhs  a  good  deal  of  water,  but  this  does 
not  impair  its  power.* 

Hr  Baldwin  TMham  has  indented  a  vny  exeellent  plan.  The  charcoal  is 
in  a  spiisl  tray,  and  special  arrangements  ara  nade  to  joevent  the  charcoal 
getting  wet,  and  receiving  dirt  from  the  streets. 

Xn^eeiioa  of  Seteera. 

The  inspection  of  sewers  is  in  many  towns  a  matter  of  great  difficulty,  on 
account  of  the  means  of  access  being  insufficient,  and  also  because  the  length 
of  the  sewers  is  so  great  Still  inspection  is  a  necessity,  especially  in  the  old 
flat  sewers,  and  should  be  systematically  carried  out,  and  a  record  kept  of  the 
depth  of  water,  the  amount  of  deposit,  and  of  sewer-slime  on  the  side  or  roof. 

Choking  of  tmd  Depogits  in  Sewers. — Causes — Original  bad  conBtruction;  too 
little  faU  ;  sharp  curves  ;  sinking  of  floor  ;  want  of  water  ;  check  of  flow  by 
tides,  so  that  the  heavy  parte  subside. 

Well-made  sewers  with  a  good  supply  of  water  are  sometimes  self -cleansing 
and  quite  free  from  deposit,  but  this  is,  unfortunately,  not  always  the  case. 

Even  in  so-called  self-cleansing  sewers,  it  has  been  noticed  by  Mr  Bawlinson 
that  the  changing  level  of  the  water  in  the  sewecs  leaves  a  deposit  on  the 
aides,  which,  being  alternately  wet  and  dry,  soon  pntrifies.  In  foul  sewers  a 
qoantity  of  slimy  matter  collects  on  the  crown  of  the  sewers  ;  it  is  sometimes 
2  to  1  inches  in  thickness,  and  is  highly  offensive.  When  obtained  from  a 
liverpool  sewer  by  Dr  Burdon-Sani^raon  and  myself,  we  found  it  alkalins 
from  ammonia  and  containing  nitrates.!  On  misroscopic  examination,  this 
Iiiveipool  sewer-slime  contained  an  immense  amount  of  fungoid  growth  and 

•  Millar,  Chem.  Hawi,  March  1S8S.  An  able  writn  in  the  I^aeet,  Haj  IBTS,  itsta* 
that  for  cveiy  aquaie  inch  of  larfAce  outlet  there  ghonld  be  GO  square  inches  of  charcoal  tn;*. 
Kacent  ezperianca  haa  rather  diaixredited  the  nee  of  charcoal  m,ys ;  the  charcoal  requirea  to 
be  froqaentlT  chanired  and  often  eeta  clointed  with  duet^  ao  u  to  act  u  an  obstruction.    See 


«f  thealimeinthl* 


-203Spartapi 


'378  REMOVAL  OF  EXCRETA* 

Bacteiia,  as  well  as  some  confervsa.  There  weie  also  acari  and  remains  of 
other  animals  and  ova. 

When  deposits  occur,  they  are  either  removed  by  the  sewer-men,  or  they 
are  carried  away  by  flushing  of  water. 

Flushing  of  Sewers, — ^This  is  sometimes  done  by  simply  carrying  a  hose 
from  the  nearest  hydrant  into  the  sewer,  or  reservoirs  are  provided  at  certain 
points  which  are  suddenly  emptied.  The  sewer  water  itself  is  used  for  flush- 
ing, being  dammed  up  at  one  point  by  a  flushing-gate,  and  when  a  sufficient 
quantity  has  collected  the  gate  is  opened.*  Some  towns  (as  Leeds)  are 
adopting  self-acting  tumblers  for  water-closets,  t.6.,  water-troughs  working 
on  an  eccentric  axis  and  receiving  water  at  a  r^^ulated  rate  until  the  trough 
is  filled  to  a  certain  point ;  it  then  turns  over,  so  that  the  contents  pour 
suddenly  into  the  closet  It  then  rights  itself,  and  the  water  fills  it  slowly  to 
the  proper  point  again.     A  plan  of  this  kind  is  equally  applicable  to  sewers. 

Almost  cdl  engineers  attach  great  importance  to  regular  flushing,  and  the 
advantage  of  allowing  the  rain  to  enter  the  sewers  is  the  scouring  effect  of  a 
heavy  runfall  which  is  thus  obtained. 

Disposal  of  the  Sewer  Water. 

The  great  engineering  skill  now  available  in  all  European  ftxmtries  can 
ensure  in  the  case  of  any  new  works  that  the  construction  of  sewers  shall  be 
perfect  If  an  engineer  can  obtain  good  material^  good  workmen,  and  a 
proper  supply  of  water,  there  is  no  doubt  that  sewers  can  be  so  solidly  con- 
structed and  so  well  ventilated  that  the  danger  of  deposits  in  the  sewers,  or 
of  sewer  air  entering  and  carrying  disease  into  houses,  i3  removed. 

But  the  difficulty  of  the  plan  of  removing  excreta  by  water  really  commences 
at  the  outf alL     How  is  the  sewer  water  to  be  disposed  of  1 

This  difficulty  is  felt  in  the  case  of  the  foul  water  flowing  from  houses  and 
factories  without  admixture  of  excreta  almost  as  much  as  in  sewer  water  with 
excreta.  The  exclusion  of  excreta  from  sewers,  as  far  as  it  can  be  done, 
would  not  solve  the  problem — ^would,  indeed,  hardly  lessen  its  difficulty.  In 
seaboard  towns  the  water  may  flow  into  the  sea,  but  in  inland  towns  it  cannot 
be  discharged  into  rivers,  being  now  prohibited  by  law.  Independent  of  the 
contamination  of  the  drinking  water,  the  sewer  water  often  kills  fish,  creates 
a  nuisance  which  is  actionable,  and  in  some  cases  silts  up  the  bed  of  the 
stream.  It  requires  in  some  way  to  be  purified  before  discharge.  At  the 
present  moment  the  disposal  of  the  sewer  water  is  the  sanitary  problem  of 
the  day,  and  it  is  impossible  to  be  certain  which  of  the  many  plans  may  be 
finally  adopted.     It  will  be  convenient  to  briefly  describe  these  plans. 

1.  Storage  in  Tank,  mth  Overflow, 

The  sewer  water  runs  into  a  cemented  tank  with  an  overflow-pipe,  which 
sometimes  leads  into  a  second  tank  similarly  arranged,  the  solids  subside,  and 
are  removed  from  time  to  time ;  the  liquid  is  allowed  to  run  away.  Instead 
of  letting  the  liquid  run  into  a  ditch  or  stream,  it  has  been  suggested  to  take 
it  in  drain  pipes,  ^  to  1  foot  under  ground,  and  so  let  it  escape  in  this  way 
into  the  subsoil,  where  it  will  be  readily  absorbed  by  the  roots  of  grasses.  In 
a  light  soil  this  could  no  doubt  be  readily  done  ;  and,  if  the  drain  pipes  are 
well  laid,  a  considerable  extent  of  grass  land  could  be  supplied  by  this  sub- 
terranean irrigation.     The  tank  plan  is,  however,  only  adapted  for  a  small 

.    *  Baldwin  Latham  points  ont  that  there  is  a  point  of  flow  in  all  sewers  when  they  discharge 
*inoTe  than  when  nmning  fall.    A  good  flushing  power  may  be  obtained  at  considerably  less 
than  the  fnU  dischaxge.    Tables  are  given  in  his  Sanitary  Engineering. 
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Wale,  sucli  as  a  smgle  house  or  small  village,  and  there  should  be  ventilation 
between  the  tank  and  the  house  in  all  cases. 

2.  Discharge  at  once  into  Running  Water, 

All  new  works  of  this  description  are  now  prohibited,  and  the  plan  will 
probably  ultimately  cease  in  this  country.* 

3.   Discharge  into  the  Sea. 

The  outlet  pipe  must  be  carried  to  low  water,  and,  il  possible,  should  be 
always  under  water.  A  tide  flap  opening  outwards  is  usually  provided.  If 
not  under  water  constantly,  special  care  must  be  taken  to  prevent  the  wind 
blowing  up  the  sewers.  The  tide  will  fill  the  outfall  sewers  (which  are 
generally  made  large)  to  the  level  of  high  water,  and  to  that  extent  will 
check  the  discharge,  and  in  the  sewers  filled  with  the  mixed  sea  water  and 
sewage  there  will  be  deposit.     To  remove  this  special  attention  is  necessary. 

If  the  sewage  cannot  be-  got  weU  out  to  sea,  and  if  it  issues  in  narrow 
channels,  it  may  cause  a  nuisance,  and  may  require  to  be  purified  before  dis- 
charge. In  the  Bivers  Pollutions  Act  (1876)  power  is  given  to  prohibit  dis- 
charge into  the  sea  or  tidal  waters  under  certaon  circumstances.! 

4.  Precipitation. 

Another  plan  is  not  to  pour  the  whole  sewage  into  rivers,  but  to  precipitate 
the  soM  part^  or  the  greater  portion  of  it^  and  then  to  allow  the  liquid  to 
pass  into  the  stream  or  over  the  land. 

This  is  sometimes  done  by  simple  subsidence,  the  sewage  being  received 
into  settling  reservoirs  or  trenches,  with  strainers  to  arrest  the  flow  to  some 
extent.  When  the  solid  matter  has  collected  to  a  certain  amount,  the  sewage 
18  turned  into  another  reservoir,  and  the  thick  part^  being  mixed  with  coal 
refuse  or  street  sweepings,  is  sold  as  manure. 

The  thin  water  whid^  runs  off  must  be  almost  as  dangerous  as  the  sewage 
itself  when  poured  into  streams,  and  consequently  the  prohibition  to  discharge 
eewer  water  extends  to  it  also. 

In  order  to  produce  greater  purification,  the  sewage  in  the  subsiding  tanks 

*  When  gewer  water  passe*  into  a  river  it  undergoes  considerable  purification  by  snbsidenoe, 
by  the  influence  of  water  plants,  and  in  a  lesser  deg^  by  oxidation.  Although  some  oxidation 
of  nitrogenous  oiganic  matters  into  nitrous  and  nitric  acids  and  ammonia  must  take  place,  it 
appears  from  Franklin's  experiments,*  that  in  the  river  Irwell,  which  receives  the  sewage  of 
Manchester,  after  a  run  of  11  miles,  and  faUingover  six  weirs,  there  is  no  formation  of  nitrites 
and  nitrates,  and  there  is  even  an  increase  in  the  organic  nitrogen  (?),  though  the  suspended 
matters  are  less  (from  2*8  to  1-44  parts  per  10,000)  than  at  firat.  Average  London  sewage 
diluted  with  9  parts  of  water  and  syphoned  from  one  vessel  into  another  so  as  to  represent  a 
flow  of  96  and  192  miles,  gave  a  percentage  reduction  in  the  organic  nitrojgen  of  28 '4  and  83.3 
respectively.  The  oxidation  of  sewage  appears,  then,  from  these  experiments,  to  take  place 
slowly.  Dr  Letheby  considers,  however,  that  oxidation  takes  place  more  rapidly,  and  that  if 
sewage  is  mixed  with  20  times  its  bulk  of  water,  and  flows  for  9  miles,  it  will  be  perfectly 
oxidised.f  Of  course,  it  is  clear  that  ova,  and  solid  parts  of  the  body,  like  epithelium,  might 
be  totally  unchanged  for  long  periods4l  and  we  may  oondude  that  oxidation  of  sewage  in 
running  water  cannot  be  depended  on  for  perfect  safety. 

-f*  The  word  "  stream "  (mto  which  sewage  is  not  to  be  passed)  is  defined  by  section  20  of 
the  Act,  thus  : — ''Stream  includes  the  sea  to  such  extent  and  tidal  waters  to  such  point,  as 
may,  after  local  inquiry  and  on  sanitary  grounds,  be  determined  by  the  Local  Government 
Board,  by  order  published  in  the  London  Gazette.  Save  as  aforesaid,  it  includes  rivers, 
streams,  canals,  lakes,  watercourses,  other  than  watercourses,  at  the  passing  of  this  Act, 
mainly  used  as  sewers,  and  emptying  directly  into  the  sea  or  tidal  waters,  which  have  not 
becm  aetermined  to  be  streams  within  the  meaning  of  this  Act  by  such  order  as  aforesaid." 

*  Beports  of  the  Commisaioneri  appointed  to  inquire  into  the  Pollution  of  Rivers,  1870,  vols.  L 11.  and  ill. 

t  Report  of  East  London  Water  Bill  Committee  (1867).  p.  480,  question  783-4. 

X  As  formerly  mentioned,  I  have  found  unchanged  epltnelinm  In  nnflltered  Thames  water  after  a  transit 
in  a  barrel  of  80  miles,  and  after  keqiing  for  five  months.  It  was  very  transparent  and  worn,  but  quite 
reoognJsableii 
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is  now  usually  mixed  with  some  chemical  agency  which  may  precipitate  the 
suspended  matters. 

JN'omerous  substances  have  been  employed  as  predpitants.* 

Lime  Salts. — Quicklime  (proportion  8  to  12  grains  per  gallon),  or  1  lb  of 
lime  for  600  gallons  of  sewage  (nearly) ;  chloride  of  lune  which  is  added  to 
quicklime  in  the  proportion  of  about  ^V^h  part  of  chloride  to  1  of  lime;  calcic 
phosphate  dissolved  in  sulphuric  acid,  or  a  mixture  of  mono-  and  di-<»dcic 
phosphate  with  a  little  lime  (Whitthread's  patent),t  are  said  to  be  good  pre- 
cipitants.     Chloride  of  calcium  has  been  also  recommended. 

Albuminous  Substances, — ^Aluminous  earth  mixed  with  sulphuric  acid  (Bird's 
process) ;  impure  sulphate  of  aluminium  (Anderson's  and  Lenk's  processes)  ; 
refuse  of  alum  works,  either  alone  or  mixed  with  lime  or  charcoal ;  day  mixed 
with  lime  (Scott's  cement  process) ;  natural  phosphate  of  aluminium  dissolved 
by  sulphuric  acid  and  mixed  with  lime.  In  all  these  cases  the  amount  of  the 
substance  added  is  from  50  to  80  grains  per  gallon  of  sewer  water. 

Magnesian  Salts  mixed  with  lime  in  the  form  of  supeiphosphates  (Blyth) ; 
impure  chloride  of  magnesium. 

Carbon  in  the  shape  of  vegetable  charcoal ;  peat ;  seaweed  charcoal ;  car- 
bonised tan ;  lignite ;  Boghead  coke.  On  a  small  scalQ  charcoal  answers  fairly, 
and  the  residue  is  a  valuable  manure. 

Iron  in  the  shape  of  sulphate  ;  perchloride  (Ellerman's  and  Dale's  liquid)  ; 
the  sulphate  is  sometimes  mixed  with  lime  and  coal  duBt 

Manganese. — Condy's  fluid. 

Zinc  sulphate  and  chloride. 

The  deposit  obtained  from  any  of  these  proeesaes  is  collected  and  dried.  It 
is  usually  dried  on  a  hot  floor,  a  stream  of  hot  air  being  allowed  also  to  pasa 
over  it  There  is  some  little  difficulty  in  drying  it,  but  thia  is  now  being 
overcome.  Of  these  various  predpitants  the  best  appear  to  be  the  aluminous 
preparations  ;  the  crude  sulphate  of  alumina  prepared  by  Dr  Anderson  of 
Coventry  ;  the  solution  patented  by  Mr  Lenk  ;  the  A,  B,  C  process  of  Mr 
SlUar,  which  consists  pf  alum,  blood,  charcoal,  and  clay ;  %  <^<^  ^^  Forbes' 
sulphuric  acid  solution  of  natural  phosphate  of  alumina.  All  produce  rapid 
subsidence  of  the  suspended  matters,  and  clarify  the  liquid  to  a  very  great  ex- 
tent. The  sulphuric  acid  also  tends  to  prevent  decomposition  of  the  deposit. 
In  using  these  substances  the  sewage  water  is  received  into  a  tank  or  well,  and 
there,  or  on  its  way  thither,  receives  the  precipitating  agent^  which  is  generally 
mixed  by  means  of  a  aciew  or  turbine.  After  thorough  mixing,  the  predpi- 
tate  is  allowed  to  subside,  and  the  superabundant  water  is  run  ofL  The  de- 
posit is  then  dug  out  and  dried.  After  drying  the  depodt  appears  to  possess 
some  agricultursd  value,§  and  to  be  saleable  at  a  price  whicl^  in  some  casesi 
leaves  a  small  profit  The  profit  is  never  large,  and  in  some  instances  there 
has  been  even  a  loss.  The  dear  water  from  aU  these  processes  contains 
ammonia  and  oxidisable  organic  matters,  as  well  as  phosphoric  acid  (in  most 

*  An  interesting  account  of  the  precipitating  prooeeeea  is  given  in  a  book  called  Hie 
Sewage  Question,  the  author  of  whioh  faias  had  tne  advantage  of  Dr  Letheby's  notes  and 
analyses.  A  list  of  no  less  than  67  processes  or  proposals  is  given  at  page  38,  from  which  it 
a])pearB  that  the  first  precipitant  was  proposed  by  iMboissien  so  long  ago  as  1702,  and  was  a 
mixture  of  acetate  of  lead  and  protowmlphate  of  iron. 

f  This  patent  was  found  to  give  good  results  in  removing  suspended  matten  and  dganie 
nitrogen,  and  the  Committee  of  tne  British  Association  eonsiderad  the  process  deserved 
**  further  investi^tion."    It  appears,  however,  to  have  eome  at  present  to  a  standstill. 

X  The  proportions  are  stated  to  be,  6  grains  of  alum,  ^  grain  oi  blood,  90  grains  of  day,  iMid 
6  grains  of  charcoal,  to  10,000  grains  of  sewer  water.    Sometimes  a  little  lime  is  added. 

§  This  never  exceeds  one-third  of  the  theoretical  or  chemical  value.  Thus  the  product  by 
Anderson's  process  at  Ooventry  is  estimated  theoreHcally  at  16s.  9Ad.  per  ton  ;  the  vradical 
value  is  only  5s.  6d.  to  Ss.  4d.  See  Dr  Voelcker's  Reports,  in  the  fleport  of  »  Committae  on 
Town  Sewage,  (1876),  p.  Ix.  «<  #ej.  «-  .   --r      r 
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cases)  and  potash,  and  it  would  tlins  appear  that  a  consideiahle  part  of  the 
sabstances  which  give  fertilising  power  to  sewage  remain  in  the  efflnent  water. 

The  caustic  lime  process,  when  properly  applied,  appears  also  to  be  a  power- 
ful precipitant,  but  the  deposit  has  no  agricultural  value. 

llie  metallic  precipitants  of  various  lands  (iron,  zmc,  manganese)  are  more 
expensive  and  less  useful  Blyth's  magnesian  process  was  unfavourably  re- 
ported on  by  Mr  Way. 

When  the  sewer  water  is  cleared  by  any  of  these  plans,  is  it  fit  to  be  dis- 
charged into  streams  9  In  the  opinion  of  some  authorities,  if  the  precipitate 
is  a  good  one  it  may  be  so,  and  it  appears  certain  that  in  many  cases  it  is 
chemically  a  tolerably  pure  water,  and  it  will  no  longer  silt  up  the  bed  or 
cause  a  nuisance.  But  it  still  contains  in  all  cases  some  organic  matter,  as 
well  as  ammonia,  potash,  and  phosphoric  acid.*  It  has,  therefore,  fertilising 
powers  certainly,  and  possibly  it  has  also  ii^urious  powers.  !N'o  proof  of  this 
has  been  given,  but  also  no  disproof,  at  present,  and  when  we  consider  how 
smaU  the  agencies  of  the  specific  diseases  probably  are,  and  how  likely  it  is 
that  they  remain  suspended,  we  do  not  seem  to  be  in  a  position  to  expect  that 
the  water,  after  the  subsidence  of  the  deposit,  will  be  safe  to  drink.  We 
must  adopt,  I  believe  here,  the  plan  which  is  the  safest  for  the  community ; 
and  the  effluent  water  should  therefore  be  used  for  irrigation,  or  be  filtered 
before  discharge.  The  clear  fluid  is  weU  adapted  for  market  gardens  ;  the 
plants  grown  as  vegetables  for  the  table  are  sometimes  injured  by  irrigation 
with  unpurified  sewer  water,  but  they  thrive  with  the  purified  effluent  water. 

In  arranging  any  processes  for  precipitation  everything  must  be  as  simple 
as  possible  ;  there  is  no  margin  for  expenditure  on  complicated  arrangements. 

Sewage  Cement, 

Instead  of  using  the  dried  deposit  as  manure.  General  Scott  has  proposed 
to  make  cement^  and  for  this  purpose  adds  lime  and  clay  to  the  sewer  water. 
The  deposit  contains  so  much  combustible  matter  that  it  requires  less  coal  to 
bom  it  than  would  otherwise  be  the  case,  and  the  saving  thus  effected  enables 
(it  is  supposed)  cement  to  be  sold  at  a  remunerative  rate.  If  this  should  turn 
out  to  be  the  case,  the  sewage  cement  process  has  the  advantage  of  destroying 
by  fire  everything  which  might  be  injurious  in  the  deposit^  while  the  effluent 
water,  which  contains  rather  more  than  two-thirds  of  the  chlorine  and  three- 
fourths  of  the  dissolved  nitrogen,  has  some  value  as  an  irrigator.  At 
present  the  pecuniary  results  of  the  process  cannot  be  properly  determined. 
General  Scott  also  proposes  to  use  the  burnt  material  as  manure  to  liTne  the 
land  in  some  cases. 

6.  FUtraHon  through  Earth,  Charcoal,  ^c 

By  filtration  through  earth  is  meant  the  bringing  of  sewer  water  upon  a 
comparatively  small  area  of  porous  soil,  which  is  broken  up  and  comminuted 
above,  and  is  deeply  underdrained,  so  that  the  sewer  water  may  pass  through 
the  soil  and  issue  by  the  drains.  Mr  Dyke,  in  explaining  the  system 
employed  at  Merthyr-Tydvilf  by  Mr  Bailey  Denton,  lays  down  the  following 

*  Many  analyses  are  giTen  in  the  Fint  and  Secend  Reports  of  the  RiTers  Pollution  Com- 
missioners, from  which  it  appears  that  on  an  ayerage  the  chemical  processes  remove  89 '8  per 
cent,  of  the  suspended  matters,  but  only  86'6  per  cent,  of  the  oi^^ic  nitrogen  dissolved  in  the 
liquid.  Mr  Crookes'  analyses  show  that  the  A  B  C  process,  when  weU  earned  out,  removes  aU 
tiie  phosphoric  acid.  Voelcker's  analysis  of  the  effluent  water  treated  by  the  acid  phosphate 
of  ammina  contains  more  ammonia  than  the  original  sewer  water,  less  organic  nitrogen  by  one- 
half,  and  less  phosphoric  acid ;  it  is  pure  enough  to  be  dischaived  into  streams. 

t  On  the  Downward  Intermittent  FUtration  of  Sewage  at  Merthyr-Tydvil,  by  T.  J.  Dyke^ 
F.R.C.S.  £ng. 
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conditions : — ^There  should  be — 1^,  a  poious  soil ;  2c^  an  effluent  drain,  not 
less  than  6  feet  from  the  surface ;  Zd,  proper  fall  of  land  to  allow  the  sewage 
to  spread  over  the  whole  land ;  and  4tthy  division  of  filtering  area  into  four 
parts,  each  part  to  receive  sewage  for  six  hours,  and  to  have  an  interval  of 
eighteen  hours.  He  considers  that  an  acre  of  land  would  take  100,000 
g^ons  per  day,  though  this  seems  a  rather  large  amount.*  The  best  soil  for 
filtration  appears  to  be  a  loose  marl,  containing  hydrated  iron  oxide'  and 
alumina,  but  sand  and  even  chalk  produce  excellent  results.  But  in  order 
that  filtration  shall  be  successful  it  is  necessary  that  the  amount  of  filtering 
material  shall  be  large ;  it  must  not  be  less  than  1  cubic  yard  for  8  gallons  of 
sewage  in  24  hours,  f  and  in  the  case  of  some  soils  must  be  more.  If  the 
drains  are  6  feet  below  the  surface,  then  an  acre  will  contain  9680  cubic  yards 
of  filtering  material,  and  at  8  gallons  per  yard  an  acre  would  suffice  for  77,440 
gallons.  Crops  may  be  grown  on  the  land,  and  indeed  it  is  desirable  that 
they  should  be. 

When  the  filters  are  too  small,  they  fail  to  do  much  good ;  and  Letheby  has 
given  analyses  which  prove  that  smaU  filters  may  be  nearly  useless.  It 
appears  undesirable  to  use  charcoal  filters  on  this  account,  and  aU  filtration 
through  charcoal  has  been  a  failure.  Spongy  ii^^n  has  been  lately  very 
strongly  recommended. 

Filtration  may  be  downwards  or  upwards,  but  the  former  kind  is  much 
more  efficacious.     Upward  filtration  may  be  said  to  be  now  abandoned. 

Condition  of  the  Effluent  Water, — When  5*6  gallons  of  sewage  were 
filtered  in  twenty-four  hours  through  a  cubic  yard  of  earth,  it  was  found  by 
the  Eivers  Pollution  Commissioners  that  the  organic  carbon  was  reduced  from 
4*386  parts  to  '734,  and  the  organic  nitrogen  from  2*484  parts  to  '108  parts 
in  100,000.  The  whole  of  the  sediment  was  removed.  ^Nitrates  and  nitrites, 
which  did  not  exist  before  filtration,  were  found  afterwards,  showing  oxida- 
tion. 

6.  Irngation.1 

By  irrigation  is  meant  the  passage  of  sewer  water  over  and  'through  the 
soil,  with  the  view  of  bringing  it  as  speedily  as  possible  under  the  influence 
of  growing  plants.  For  this  purpose  it  is  desirable  that  the  sewer  water 
should  be  brought  to  the  land  in  as  fresh  a  state  as  possible.  In  some  cases, 
as  at  Carlisle,  carbolic  acid  in  small  quantities  has  been  added  to  the  sewage 
in  its  flow  for  the  purpose  of  preventing  decomposition,  and  the  plan  appears 
to  be  eflectual  The  sewer  water  is  usually  warmer  than  the  air  at  all  times, 
and  will  often  cause  growth  even  in  winter. 

The  eflect  on  growing  plants,  but  especially  on  Italian  rye-grass,  is  very 
great ;  immense  crops  are  obtained,  although  occasionally  the  grass  is  rank  and 

*  At  Merthyr-Tydyil  20  acres  of  land  were  divided  into  beds,  which  sloped  towards  the  effluent 
drain  by  a  fidl  of  1  in  150.  The  surface  was  ploughed  in  ridses,  on  which  vesetables  were  sown ; 
the  sewage  (strained)  passed  from  a  carrier  along  the  raised  mai^gin  of  each  bed  into  the  fur- 
rows. Tne  effluent  water  was  stated  to  be  pure  enough  to  be  used  for  drink.  Since  1S72 
these  filter-beds,  as  well  as  280  acres  of  other  portions  of  the  land,  have  been  used  as  ordinaiy 
irrigation  ground.    The  effluent  water  remains  bright  and  pure.    (Report  on  Town  Sevnige.) 

f  The  Rivers  Pollution  Commissioners  give  a  smaller  amount,  viz.  5^  gallons  per  cubic  yard ; 
but  some  of  their  experiments  seem  to  show  that  we  must  increase  the  amount.  For  exampK 
the  soil  at  Beddington  was  found  by  them  to  have  a  remarkable  power  of  nitrification  up  to  tiie 
extent  of  7*6  gallons  per  cubic  yard  in  twenty-four  hours.  But  when  this  rate  was  doubled 
nitrification  ceased,  and  the  soil  became  clogged.  The  best  soil  experimented  on  (Duisley 
SOU)  containing  43  of  silica  and  18  of  oxide  ofiron,  purified  9*9  gallons  in  twenty-four  hours 
per  cubic  yard.    But  as  few  soils  would  be  so  good,  tne  limit  of  8  gallons  is  selected  in  the  text. 

X  On  the  application  of  sewape  t«  land  many  works  have  b^n  published.  Dr  Corfield's 
work  on  the  'neatment  and  Utilisation  of  Sewage,  2d  edition,  and  the  Report  of  the  Committee 
of  the  British  Association,  1872,  give  the  best  summary  of  the  subject.  Also  the  Report  of 
the  Committee  on  Town  Sewage,  1876. 
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rather  wateiy.  For  otreals  and  roots  it  is  also  well  adapted  at  certain  periods 
of  growth,  as  well  as  for  market  vegetahles  when  the  viscid  parts  are  separated. 
When  the  sewer  water  permeates  through  the  soil  there  occur — Ist,  a 
mechanical  arrest  of  suspended  matters  ;  2dy  an  oxidation  producing  nitrifica- 
tion, hoth  of  which  results  depend  on  the  porosity  and  physical  attraction  of 
the  soil ;  and,  3d,  chemical  interchanges.  The  last  action  is  important  in 
agriculture,  and  has  heen  examined  hy  Bischof,  liehig,  Way,*  Henneherg, 
Warrington,!  ^^^  others.  Hydrated  ferric  oxide  and  alumina  ahsorh 
phosphoric  acid  from  its  salts,  and  a  highly  hasic  compound  of  the  acid  and 
metallic  oxide  is  formed.  They  act  more  powerfully  than  the  silicates  in 
this  way.  The  hydrated  douhle  siHcates  ahsorb  bases.  Silicates  of  aluminium 
and  calcium  absorb  ammonia  and  potassium  from  all  the  salts  of  those  bases, 
and  a  new  hydrated  double  siUcate  is  formed,  in  which  calcium  is  more  or  less 
perfectly  replaced  by  potassium  or  ammonium.  Humus  ako  forms  insoluble 
compounds  Mrith  these  bases.  Absorption  of  potash  or  ammonia  is  usually 
attended  with  separation  of  lime,  which  then  iAkea  carbonic  acid. 

The  soil  must  be  properly  prepared  for  sewage  irrigation ;  either  a  gentle 
slope,  or  a  ridge  with  a  gentle  slope  on  each  side  of  about  30  feet  wide,f  with 
a  conduit  at  the  summit,  or  flat  basins  surrounded  by  ridges,  are  the  usual 
plans.  The  sewer  water  is  allowed  to  trickle  down  the  slope  at  the  rate  of. 
about  8  feet  per  hour,  or  is  let  at  once  into  the  flat  basin.  The  water  passas 
through  the  soil,  and  should  be  carried  off  by  drains  from  5  to  6  feet  deep, 
and  thence  into  the  nearest  water-course. 

The  sewer  water  should  reach  the  ground  in  as  fresh  a  state  as  possible  ;  it 
is  usually  run  through  coarse  strainers  to  arrest  any  large  substances  which 
find  their  way  into  the  sewers,  and  to  keep.back  the  grosser  parts  which  form 
a  scum  over  the  land ;  it  is  then  received  into  tanks,  whence  it  is  carried  to 
the  land  by  gravitation,  or  is  pumped  up.  The  **  carriers "  of  the  sewer 
water  are  either  simple  trenches  in  the  ground,  or  brick  culverts,  or  concreted 
channels,  and  by  means  of  simple  dams  and  gates  the  water  is  directed  into 
one  or  other  chsmnel  as  may  be  required.  Everything  is  now  made  as  simple 
and  inexpensive  as  possible — ^underground  channels  and  jets,  hydrants,  hose 
and  jets,  are  too  expensive,  and  overweight  the  plan  with  unnecessary  outlay. 

The  amount  of  hmd  required  is,  on,  an  average,  1  acre  to  100  persons ;  tins 
is  equal  to  a  square  of  70  yards  to  the  side,  and  will  take  2000  gallons  in 
twenty-four  hours. 

The  sewer  water  is  applied  intermittently  when  the  pla^ts  are  growing;  but 
in  winter  it  is  sometimes  used  constantly,  so  as  to  store  up  nourishment  in 
the  soil  for  the  plant-growth  in  the  spring.§ 

The  amount  of  sewer  water  which  can  be  applied  will  vary  with  the  kind 

*  Jonraal  of  Royal  Agricultural  Society,  vol.  xi. 

f  Chemical  News,  May  1870.  Wanington's  paper  gives  a  good  resam6  of  the  subject,  and 
many  original  experiments,  and  can  be  consulted  for  full  details. 

i  This  is  the  arrangement  of  Mr  Hope's  farm  at  Romford. 

§  See  an  interesting  paper  on  the  utilisation  of  the  Sewage  of  Paris,  by  Sandford  Moore, 
B.A.,  Assist. -Sui*geon,  4tn  Dragoon  Guards  (Medical  Times  and  Gazette,  June  1870).  In 
the  summer  "  arrosage  "  is  practised :  the  land  is  ploughed  in  furrows  and  ridges,  and  the  water 
is  allowed  to  flow  into  the  furrows,  and  not  allowed  to  wet  the  vegptables  wnich  are  pla  ted 
on  the  ridges.  In  winter  "  colmatage  "  is  had  recourse  to ;  the  ndges  are  levelled  and  the 
entire  surface  is  submerged  under  sewage  water.  The  sewers  of  Paris  receive  only  a  small  part 
of  the  solid  excreta  (though  most  of  the  urine),  but  the  fluid  is  highly  fertilising.  Precipita- 
tion with  alum  was  also  formerly  had  recourse  to  in  Paris,  but  has  now  been  abandoned. 

For  detailed  information  see  the  Report  of  the  Prefecture  of  the  Seine,  "  Bur  I'assainisse- 
ment  de  la  Seine."  An  abstract  is  given  in  the  Annales  des  pouts  et  Chauss^es,  and  is 
tranxlated  by  R.  Manning.  M.I.C.E.,  (E.  and  F.  N.  Spon.)  1876.  Similar  works  are  ia  pro- 
cess at  Berlin  and  are  described  in  the  same  ^aper.  At  Brussels,  the  Senne,  during  its  passage 
through  the  city,  is  no  Innger  used  as  the  main  sewer,  and  although  the  sewage  is  still  poured 
into  it  at  a  lower  point,  it  will  ultimately  be  disposed  of  by  irrigation. 
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of  ground,  the  amonnt  of  ftun,  and  the  season  of  the  year.  In  the  year  ending 
1871,  it  appears  that,  on  the  Lodge  farm  at  Barking,  622,324  tons  of  sewage 
were  applied  to  163  acres  (nearly),  or  about  3800  tons  per  acre.  In  the  six- 
teen months  ending  December  1872,  the  average  quantity  was  3342  tons  per 
acre  annually.  On  the  most  porous  part  of  the  farm  as  much  as  960  tons 
have  been  applied  in  twelre  hours.* 

Condition  of  the  Effluent  Water  after  Irrigation, 

When  the  sewer  water  passes  over  and  not  through  the  soil,  it  is  often  im- 
pure, and  even  suspended  matters  of  comparatively  large  size  (such  as 
epithelium)  have  been  found  in  the  water  of  the  stream  into  which  it  flows. 
It  requires,  therefore,  that  care  shall  be  taken  in  every  sewage  farm  that  the 
water  shall  not  escape  too  soon*  Dr  Letheby,t  whose  authority  on  such  a 
question  no  one  can  doubt,  rates  the  cleansing  power  of  soil  much  lower  than 
the  Eivers  Pollution  CJommissioners  or  the  Committee  of  the  British  Associa- 
tion, and  his  analyses  make  it  at  any  rate  quite  certain  that  the  proper  purifi- 
cation of  the  sewer  water  demands  very  careful  preparation  of  the  ground  in 
the  first  instance,  and  constant  care  afterwards.  But  the  chemical  evidence 
of  the  good  effect  of  irrigation  is  too  strong  to  admit  a  doubt  to  exists  as  will 
be  seen  from  the  following  table.} 

Table  from  the  Beport  of  the  Rivers  Pollution  Commiasumers. 


■ 

Pereentase  of  dlssolTed 
Organic  PoDmtlon  removed. 

Percentage  of 
mspcnded 

Beralta  of  Irrlgatton,  in  pnta  par  100,000. 

Organic 

■ 

OigaDlo 
Carbon. 

Organic 
Nitrogen. 

Pollation 
Bemovod. 

On  fallow  land  at  Chorlev  (adhesive  loam), 
At  Edinburgh  (both  sand  and  olay), 

62-8 

70-2 

100- 

45*8 

81  1 

84-9 

Barking  (gravelly  soil),     «            • 

65  8 

86-2 

100- 

Aldcrshot  (light  sand), 

Best  result,     .... 

91-8 

87-8 

99-7 

Worst  result)  .... 

69-9 

82-9 

87-7 

Averagefresnlt,           • 

80-9 

85-1 

98-7 

Carlisle  (light  loam), 

77-9 

59-8 

100- 

Penrith  (light  loam), 

76-0 

77  2 

100- 

Rugby  (adhesive  soil),                   • 

72-8 

92  9 

96  0 

Banbury  (principally  day}, 

Best  result,     .           .           •           . 

87-8 

91-8 

96-0 

Worst  result, 

64-1 

80  1 

90-8 

Average  result, 

76- 

85-7 

93-2 

Warwick  (stiff  clay), 

71-7 

89*6 

100- 

Worthing  (loam),  .... 

427 

88-5 

100- 

Bedford  (light  gravelly  soil), 

Average  result,            • 

71-6 

81-8 

100- 

Norwood  (clay), 

Average  result,           .            •            . 

65  0 

751 

100- 

Croydon  (gravelly  soil), 

Best  result,     •           .            •            • 

78-2 

98-2 

100- 

Worst  result, 

61-6 

90-4 

100- 

Average  result, 

67-4 

91-8 

100- 

These  results  are  much  better  than  those  of  any  chemical  precipitant^  the 
best  result  of  the  lime  process  giving  a  removal  of  only  65-8  per  cent,  of  the 

*  Mr  Morgan's  Beport,  quoted  in  Food,  Air,  and  Water,  Dec.  1871. 

t  The  Sewage  Question,  1872,  pp.  8-27. 

t  The  standard  of  purity  which  the  effluent  water  should  have  has  not  yet  been  fixed.  That 
proposed  by  the  Bivers  Pollution  Comnussioneis,  which  is  based  on  the  method  of  analysis 
proposed  by  Dr  Franklaad,  and  which  is  not  yet  universally  admitted,  was  as  follows :-« 
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OTganic  nitrogen,  and  the  best  result  of  Sillar's  (A,  B,  G)  plan  giving  only  a 
percentage  of  58*9.  They  are  not  quite  so  good  as  the  downward  filtration 
plan,  but  the  difference  is  not  great. 

Do  Sewage  Irrigation  Farms  affect  the  Public  Health  or  Public  Comfort  9 

That  sewage  farms,  if  too  near  to  houses  and  if  not  carefully  conducted,  may 
give  off  disagreeable  effluvia,  is  certain ;  but  it  is  also  clear  that  in  some  farms 
this  is  very  trifling,  and  that  when  the  sewer  water  gets  on  the  land  it  soon 
ceases.  It  is  denied  by  some  persons  that  more  nuisance  is  excited  than  by 
any  other  mode  of  using  manure.  As  regards  health,  it  has  been  alleged  that 
these  farms  may — 1^,  Give  off  effluvia  which  may  produce  enteric  fever,  or 
dysentery,  or  some  allied  affection  ;  or,  2dy  Aid  in  the  spread  of  entozoic 
diseases  ;  or,  Sd,  Make  ground  swampy  and  marshy,  and  may  also  poison 
weUs,  and  thus  affect  health. 

The  evidence  of  Edinburgh,  Croydon,*  Aldershot,  Eugby,  Worthing, 
Somford,  the  Sussex  Lunatic  Asylum,  f  is  very  strong  against  any  influence 
in  the  production  of  typhoid  by  sewage  farms'  effluvia.  On  the  other  hand, 
Dr  Clouston's  record  of  the  outbreak  of  dysentery  in  the  Cumberland  Asylum 
(see  page  131),  is  counter-evidence  of  weight,  and  so  is  one  of  the  cases  noted 
by  Letheby,t  of  typhoid  fever  outbreak  at  Copley,  when  a  meadow  was  irri- 
gated with  the  brook  water  containing  the  sewage  of  Halifax. 

The  negative  evidence  is,  however,  so  strong  as  to  justify  the  view  that  the 
effluvia  from  a  well-managed  sewage  farm  do  not  produce  typhoid  fever  or 
dysentery,  or  any  affection  of  the  kind.  In  a  case  at  Eton,  in  which  some 
cases  of  enteric  fever  were  attributed  to  the  effluvia,  Dr  Buchanan  discovered 
that  the  sewer  water  had  been  drunk ;  this  was  more  likely  to  have  been  the 
cause. 

With  regard  to  the  second  point,  the  spread  of  entozoic  diseases  by  the 

Standard  of  Biven  PoUution  Commiaaioners.    Maximum  of  Impurity  permissible  in  100,000 

parts  by  weight  of  the  li^id. 
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A  certain  degree  of  acidity  or  alkalinity  is  also  ordered  not  to  be  surpassed.  In  the  discus- 
sions on  the  Public  Health  Bill  in  the  House  of  Commons,  this  standard,  which  had  been 
embodied  in  the  Bill,  was  struck  out,  and  the  standard  is  left  to  be  hereafter  determined. 
(No  standaitl  is  given  in  the  Rivera  Pollution  Act  of  1876.)  The  objection  to  the  plan  is  not 
merely  tbe  doubt  about  the  substances  represented  by  organic  carbon  or  nitrogen,  but  also 
beoinse  the  standard  does  not  take  into  consideration  the  volume  of  water  into  which  the  foul 
water  flows.    The  Thames  Conservancy  Commissioners  adopt  a  standard  for  effluent  sewage 

aa  follows  :— 

Moat  not  exceed  in  70,000  parts. 

Suspended  matters, 3    parts. 

Total  solids, 70       „ 

Organic  carbon, 2       „ 

„     nitrogen, 0'76  „ 

*  Carpenter,  various  papers  and  essays  on  this  subject  drawn  from  the  experience  of  Croy- 
don Sewage  Farm. 
;  +  Dr  J.  W.  Williams,  Brit  Med.  Journal,  11th  May  1872. 

X  The  Sewage  Question^  p.  190. 
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carriage  of  the  sewer  water  to  the  land,  hasheen  thought  prohahle  hy  Cohbold, 
though  as  solid  excreta  from  towns  have  heen  for  some  years  largely  employed 
as  manure,  it  is  doubtful  whether  the  liquid  plans  woidd  be  more  dangerous. 
The  special  entozoic  diseases  which,  it  is  feared,  might  thus  arise,  are  Tape- 
worms, Eoundworms,  Trichina,  Bilharzia,  and  Distoma  hepaticum  in  sheep. 
Cobbold's  latest  observations  show  that  the  embryos  of  Bilharzia  die  so  rapidly 
that,  even  if  it  were  introduced  into  England,  there  would  be  little  danger. 
The  Trichina  disease  is  only  known  at  present  to  be  produced  in  men  by  the 
worms  in  the  flesh  of  pigs  which  is  eaten,  and  it  seems  doubtful  whether  pigs 
receive  them  from  the  land.  There  remain,  then,  only  Tapeworms  and  Eound- 
worms for  men  and  Distoma  hepaticum  for  sheep  to  be  dreaded.  With  re- 
gard to  these,  the  evidence  at  present  is  negative  ;  and  though  much  weight 
must  be  attached  to  any  opinion  of  Cobbold's,  this  argument  against  sewage 
irrigation  must  be  admitted  to  want  evidence  from  experience.* 

The  third  criticism  appears  to  be  true.  The  land  may  become  swampy, 
and  the  adjacent  wells  poisoned,  and  disease  (aguef  and  perhaps  disuThoea  and 
dysentery)  be  thus  produced.  But  this  is  owing  to  mismanagement,  and  when 
a  sewage  farm  is  properly  arranged  it  is  not  damp,  and  the  wells  do  not  suffer. 

Ohjediona  to  Sewers, 

The  main  objections  are  as  follows  : — 

1.  That  as  underground  channels,  connecting  houses,  they  allow  transference 
of  effluvia  from  place  to  place.  The  objection  is  based  on  good  evidence,  but 
it  must  be  said  in  reply  that,  if  proper  traps  are  put  down,  and  if  air-discon- 
nection, in  addition,  is  made  between  the  outside  drains  and  the  house  pipe, 
such  transference  is  impossible.  The  objection  is  really  against  an  error  of 
construction,  and  not  against  the  plan  as  properly  carried  out.  Besides,  the 
objection  is  equally  good  against  any  kind  of  sewer,  and  yet  such  underground 
conduits  are  indispensable. 

2.  That  the  pipes  break  and  contaminate  the  ground.  This  is  a  great  evil, 
and  it  requires  care  to  airoid  it.  But  such  strong  pipes  are  now  made,  that  if 
builders  would  be  more  careful  to  make  a  good  bed,  and  to  connect  the  joints 
firmly,  there  would  be  no  danger  of  leakage,  as  far  as  the  pipe  drains  are 
concerned,  and  not  much  damage  of  the  main  brick,  sewers.  At  great  depths, 
also,  the  pressure  of  the  soil  water  will  rather  cause  entry  than  exit  from  the 
sewers. 

3.  That  the  water  supply  is  constantly  in  danger  of  contamination.  This 
also  is  true,  and  as  long  as  overflow  pipes  from  cisterns  are  carried  into  sewers, 
and  builders  will  not  take  care  to  make  a  complete  separation  between  water 
pipes  and  refuse  pipes,  there  is  a  source  of  danger.  But  this  is  again  clearly 
an  error  in  constructive  detail,  and  is  no  argument  against  a  proper  arrange- 
ment 

On  the  Inplubncb  the  Construotion  op  Sewers  has  had  on  the  Death 

Kate  op  Towns. 

Eeference  has  already  been  made  to  the  possibility  of  sewers  being  the 
channels  by  which  enteric  fevers  and  cholera  have  been  propagated  from 
house  to  house,  and  from  which  emanations,  causing  diarrhoea  and  other  com- 
plaints, may  arise.     Admitting  the  occasional  occurrence  of  such  cases,  it 


*  Ck>bbold  has  since  withdrawn  his  objection. 

t  There  is  no  ague  or  any  other  disease  traceable  to  the  sewage  irrigation  at  Craigentinnr, 
near  Edinbnigh. 
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Temains  to  be  seen  whether  the  sanitary  advantages  of  sewers  may  not  greatly 
counterbalance  their  defects.  The  difficulty  of  proving  this  point  statistically 
consists  in  the  number  of  other  conditions  affecting  the  health  of  a  town  in 
addition  to  those  of  sewerage.  Dr  Buchanan*  has,  however,  given  some 
valuable  evidence  on  this  point,  which  has  been  well  commented  on  by  Mr 
Simon.  He  inquired  into  the  total  death  rate  from  all  causes,  and  the  death 
rate  from  some  particular  diseases,  in  twenty-five  towns  before  and  after 
sanitary  improvements,  which  consisted  principally  of  better  water  supply, 
sewerage,  and  town  conservancy.  The  general  result  is  to  show  that  these 
sanitary  improvements  have  resulted  in  a  lowering  of  the  death  rate  in 
nineteen  out  of  twenty-five  towns,  the  average  reduction  in  these  nineteen 
cases  being  10*6  per  cent.  The  reduction  in  typhoid  (enteric)  fever  was 
extremely  marked,  and  occurred  in  twenty-one  towns  out  of  twenty-four,  the 
average  reduction  being  46 '4  per  cent,  in  the  deaths  from  typhoid.  In  three 
cases  there  was  an  augmentation  of  typhoid  fever,  but  this  was  manifestly 
owing  to  imperfection  in  the  sewerage  arrangements ;  and  these  cases  afibrd 
excellent  instances  of  the  unfavourable  part  badly-arranged  sewers  may  play 
in  this  direction.! 

Diarrhoea  has  been  also  reduced,  but  not  to  such  an  extent ;  and  in  some 
towns  it  has  increased,  while  typhoid  fever  has  simultaneously  diminished.  I 
But  the  term  diarrhoea  is  so  loosely  used  in  the  returns  as  to  make  any 
deduction  uncertain.  Cholera  epidemics  Dr  Buchanan  considers  to  have  been 
rendered  "  practically  harmless."  The  immense  significance  of  this  statement 
will  be  at  once  appreciated  Whether  the  result  is  owing  solely  to  the 
sewerage  or  to  the  improved  water  supply,  which  is  generally  obtained  at  the 
same  time,  is  not  certain.  Phthisis,  which  Dr  Buchanan  and  Dr  Bowditchg 
find  to  be  so  much  influenced  by  dampness  of  soil,  does  not  appear  to  have 
been  affected  by  the  removal  of  excreta  perse,  at  least  towns  such  as  Alnwick 
and  Beynmawr,  which  are  thoroughly  drained,  show  no  lowering  in  the 
phthisical  mortality.  'Not  could  Dr  Buchanan  trace  any  effect  on  the  other 
diseases  of  the  lungs. 

As  far  as  can  be  seen,  the  effect  of  good  sewerage  has  therefore  been  to 
reduce  the  general  death  rate,  especially  by  the  reduction  of  deaths  from 
typhoid  and  from  cholera  (and  in  some  towns  from  diarrhoea),  but  partly,  in 
all  probability,  by  general  improvement  of  the  health,  llie  action  has  been, 
in  fact,  very  much  in  the  direction  we  might  have  anticipated.  || 

It  may  be  observed,  that  thifi  inquiry  by  Dr  Buchanan  does  not  deal  with 
the  question  as  between  sewers  and  efficient  dry  methods  of  removing  excreta 
(on  which  point  we  possess  at  present  no  evidence),  but  between  sewerage  and 
the  old  system  of  cesspools. 

*  Ninth  Beport  of  the  Medical  Officer  to  the  Privy  Conncil,  p.  12  ei  seq.  and  p.  40. 

f  See  the  case  of  Worthing  (p.  45),  for  a  striking  instance  of  the  spread  of  typhoid  through 
sewers. 

t  Virchow  has  called  attention  to  the  lessening  of  typhoid. 

§  Ninth  and  Tenth  Reports  of  the  Medical  Officers  to  the  Privy  Ck)iinciL  See  especially  Dr 
Buchanan's  Report  in  the  last-named  work,  p.  57.    See  also  chapter  on  Soil,  p.  381. 

II  The  case  of  Dantzig  is  a  good  illustration.  In  the  nine  years  from  1868  to  1871,  before  the 
town  was  drained  and  supplied  with  pure  water,  the  death-rate  was  86*9  per  1000,  ahnost  the 
same  as  in  the  previous  38  years  (1825-62),  36*6.  In  the  five  years,  1872  to  1876,  when  the 
new  drainage  and  water-works  were  in  full  operation,  it  was  only  28*5 ;  thus  there  was  an 
apparent  saving  of  3166  lives  during  that  period.    Cholera  has  attacked  Dantsig  eleven  times, 

fienerally  severely,  and  in  1866  it  Idlled  1098  persons.  It  returned  in  1878,  but  was  unable 
o  gain  a  footing,  only  91  {wrsons  falling  victims  to  it.  Children  being  usually  the  most 
delicate  indicators  of  disease,  it  was  found  that  in  the  first  period,  before  the  drainage,  there 
died  out  of  every  1000  inhabitants  18*04  children  ;  in  the  second  period,  after  the  dmina^, 
only  10*77 ;  or  the  lives  of  855  children  were  saved  during  the  second  period.  (Danzige 
Zeitong,  quoted  in  Deutsche  Vierteljahrschaft  f.  ofiE:  Ges.  9ter.  Bd.  2tes.  Hft  p.  850). 
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MODIFIOATIONS  OF  THB  WST  MbTHOD  OF  EbMOYINO  ExCRETA. 

The  Separate  System. 

By  this  term  is  meant  the  arrangement  which  carries  the  rain-water  jn 
separate  channels  into  the  most  convenient  water-conrse.'*^  Mr  Ward's 
celebrated  phrase  "  the  rain  to  the  river,  the  sewage  to  the  soil,''  is  the 
principle  of  this  plan.  Its  advantages  are  that  the  sewers  can  be  smaller ; 
that  the  amount  of  sewer  water  to  be  dealt  with  at  the  outflow  is  much  less 
in  quantity,  more  regular  in  flow,  and  richer  in  fertilising  ingredients,  and  ia, 
therefore,  more  easily  and  cheaply  disposed  of.  The  grit  and  debris  of  the 
roads  also  are  not  carried  into  the  sewers ;  and  the  storm  waters  never  flood 
the  houses  in  the  low  parts  of  the  town. 

The  disadvantages  are,  that  separate  channels  and  pipes  have  to  be  provided 
for  the  rain ;  that  the  rain  from  all  large  cities  carries  from  roofs  and  from 
streets  much  organic  debris  which  pollutes  streams,  and  that  the  scouring 
effect  of  the  rain  on  sewers  is  lost 

The  adoption  of  one  or  other  system  will  probably  depend  on  local  condi- 
tions. If  a  town  in  Europe  lies  low,  and  it  is  expensive  to  lift  sewage ;  if 
land  cannot  be  obtained ;  or  if  the  natural  contour  of  the  ground  is  very 
favourable  for  the  flow  of  rain  in  one  direction,  while  it  is  convenient  to  cany 
the  sewage  in  another,  the  separate  system  would  be  the  best.  So  also  in  the 
tropics,  with  a  heavy  rainfall  and  a  long  dry  season,  the  providing  of  sowers 
large  enough  to  carry  off  the  rain  would  be  too  expensive  for  all  except  the 
richest  cities,  and  the  disposal  of  the  storm  water  would  be  difficult 

In  all  cases  in  which  rain  enters  the  sewers,  some  plan  ought  to  be  adopted 
for  storm  waters.!  If  irrigation  is  the  plan  carried  out,  the  sewer  water 
becomes  so  dilute  and  so  large  in  quantity  in  storms,  that  the  appHcation  to 
land  IB  usually  suspended,  and  the  sewer  water  is  allowed  to  pass  at  once  into 
streams. 

In  this  way  the  evil  which  irrigation  is  intended  to  prevent  is  produced, 
though,  doubtless,  the  sewer  water  is  highly  dilute.  In  London,  the  storm 
waters  are  allowed  to  flow  into  the  Thames,  special  openings  being  provided. 

The  Interception  System, 

In  many  of  the  continental  cities,  the  fluid  and  solid  excreta  fall  into  a 
receptacle  with  perforated  sides  or  bottom,  so  that  the  fluid  part  drains  away 
and  the  solid  is  retained,  and  is  removed  from  time  to  tima  Such  a  plan 
may  keep  the  sewers  free  from  deposit,  but  has  the  great  disadvantage  of 
retaining  large  collections  of  excreta  close  to  and  in  many  cases  immediately 
under  or  in  the  cellars  of  houses,  and  no  ventilation  can  entirely  remove  all 
effluvia. 

An  improvement  on  this  plan  is  a  method  proposed  by  Mr  Chesshire,  of 
Birmingham.  He  places  outside  the  house,  in  any  place  where  access  is  easy, 
a  comparatively  small  box,  connected  by  trapped  pipes  with  the  water-closet 
at  one  end,  and  the  sewer  at  the  other.  The  lid  of  the  box  is  fixed  down 
with  concrete  or  putty,  so  that  the  access  of  air  is  stopped.  Across  one  end 
of  the  box  is  a  single  or  double  strainer,  which  allows  the  urine  and  water  to 
pass,  but  retains  the  solids.  From  time  to  time  the  box  is  lifted  out,  carted 
away,  and  another  is  inserted.  The  solid  matter  is  almost  free  from  odour, 
as  the  limited  access  of  air  hinders  putrefaction. 

*  On  this  subject  the  works  of  Mr  MeozieB,  who  first  described  this  phm,  and  of  Golonel 
Ewart,  R.E.  (Report  on  the  Drainage  of  Oxford,  Eton,  Windsor,  and  Abingdon,  1868),  wiU 
be  found  very  useful. 

t  Plans  for  this  purpose  are  figured  and  deseribed  in  the  woiks  on  Sanitary  Engineering^ 
by  Baldwin  Latham,  and  Bailey  IXenton. 


WATER-CWSETS  AMD  WATKH-THOUGHS.  389 

The  difficolty  about  thia  plan  is  Uie  occasional  blockage  of  the  strainer,  so 
that  the  solid  matters  remain  wet,  and  may  soon  fill  the  box,  so  that  the  lid 
may  be  forced  oft  The  liquid  which  flows  from  the  box  is  of  course  highly 
impuie  with  excreta,  but  the  retention  of  the  solids  prevents  blockage  of  the 
sewers.  At  present  it  can  only  be  said  that  this  plan  has  not  been  yet 
practically  eatabli^ed  on  the  large  scale,  but  is  well  worthy  of  extended  trial, 
particularly  in  cases  where  the  ditHcultiee  of  irrigation  are  great 

Water-Closets  and  Water-Trovghs. 

Water-Cloeets. — The  pan  of  the  closet  is  neuaUy  a  cone  in  earthenware 
(which  is  better  than  metal),  and  a  syphon  or  flap  v^ve  below.  In  addition, 
there  are  numerous  contrivances  for  flushing  the  pan  and  iryphon,  and  for 
preventing  the  escape  of  the  air  from  the  soil-pipe  into  the  house.*  The  soil- 
pipe  b  UBUsUy  of  cast  lead  ;  but  both  lead  and  iron  are  easily  eaten  through, 
as  shown  by  Sr  Fergus,  and  earthenwaie  pipes,  if  strong  and  well  joined, 
irould  be  preferable,  t 

The  points  to  be  looked  to  in  examining  closets  sie — let,  That  the  pan  is 
nearly  a  cone,  and  not  a  half  circle  with  a  flat  bottom ;  2d,  That  .the  amount 
and  force  of  water  is  sofficient  to  sweep  everything  out  of  the  syphon ;  id. 
That  the  soil  pipe  is  ventilated  below  the  syphon,  by  being  carried  np  to  the 
top  of  the  house ;  ith,  That  the  junction  of  syphon  and  soil-pipe  and  dko 
lengths  of  the  soil-pipe  are  perfect. 

With  respect  to  water,  a  pipe  from  the  house  cistern  frequently  leads  to  the 
closet ;  but  if  so,  there  is  some  danger  of  gas  rising  through  the  pipe.  There 
should  be  a  special  small  cistern  for  the  use  of  ths  closet.  What  are  termed 
water-waste  preventers  are  now  commonly  used,  either  fed  by  a  cistern  or  by 
constant  supply.  They  are  boxes  which  are  emptied  by  a  valve  into  the  pan, 
and  are  then  slowly  refilled.  There  are  many  kinds,  and  most  of  them  dis- 
charge from  I  to  1^  gallon  at  a  time.  The  amount  should  not  be  less  than  a 
gallon,  and  the  fall  should  not  be  lees  than  3  or  4  feet,  so  as  to  insure  thorough 
scouring  of  the  soil-pipe.  {  In  an  ingenious  anangement  by  Mr  Commons 
(based,  I  believe,  on  an  idea  of  Mr  Holland's),  the  water  is  stored  in  an 
inverted  iron  bottle,  the  aii  in  which  is  compressed  by  the  water.  When  the 
valve  is  opened,  the  compressed  aii  drives  down  the  water  with  great  force. 

The  ventilation  of  the  soil-pipe  is  a  matter  of  im- 
portance, as  the  water  from  the  pan  suddenly  displaces 
a  large  body  of  foul  air,  which  rises  through  the  syphon 
as  the  water  flows.     A  small  pipe  below  the  syphon, 
running  to  the  outer  air  and  discharging  at  some  point 
far  from  windows,  seems  the  beet  arrangement     But  I 
there  ought  always  to  be  another  opening  to  the  air,  ' 
from  which  air  may  be  drawn,  so  as  to  create  a  current 
This  may  be  done,  either  by  a  grat«d  trap  below,  or 
(as  in  Banner's  plan)  by  drawing  air  from  another    Fig.  88.— Haiecworth's 
shaft  carried  up  the  house.     The  currents  in  the  two  ^f^""*  VoDtitation  of  BoQ 
shafts  are  determined  by  reversed  cawls.§ 


Pipe. 


*  Hr  Euaie'a  worli,  "Healthy  Houses, 'glvei  ■  good  Kccoant  of  ths  tvIoiu  kindi  of  cloaeta. 

•)•  In  his  voTk  on  BsDitar;  ATTasgementa  for  Dwellingi,  Hr  Eaaste  doea  not  approve  of 
eartbenware  pipn,  prefening  tbe  atrangut  cast  lead  to  any  other. 

;  The  AnnjSuiitaiyCainmittw  (On  Sanitary  Appliancaa,  Blue  Book,  1B71,T>- 17),  >tat«  that 
tbe  amonnt  of  water  used  In  the  water-cloerts  in  the  anny  l»,  for  Gre«n's  closet,  Betweeu  J  gallon 
and  1  gallon  for  each  time  of  use  ;  Underhay'e,  Lambert  a,  and  the  pan-closet,  from  1  to  I J  gal- 
ton  ;  ud  for  Jenning's  closet  naoally  the  same,  or  in  some  stationa  8  gallons. 

g  For  the  oatgoing  pipe,  especially  if  there  be  merely  a  grating  below  as  an  inlet,  a  cowl  tt 
not  abaolntely  necewarv,  bat  U  lequired,  varions  kinds  are  applicable.  Besides  Banoer's,  that 
of  Dr  Macdonald  and  also  Boyle's  might  be  used. 


!  390  REMOVAL  OF  EXCRETA. 

Dr  Taylor  of  Anerley  lias  invented  a  trap  on  tliis  plan,  and  in  which  a  good 
scouring  effect  of  water  is  secured. 

Mr  Jenning's  closet,  with  plug  and  water  trap,  has  the  advantage  of 
effectually  preventing  the  regurgitation,  but  the  plan  is  rather  expensive. 

The  position  of  the  closet  is  a  matter  of  great  moment     If  possible,  it 

,  should  always  be  in  an  outbuilding,  or  a  projection,  with  thorough  ventilation 

between  it  and  the  house.     In  two-storied  buildings  it  might  be  put  in  a 

small  third  story  in  the  roof,  and  well  ventilated  above.     The  windows  in 

a  closet  ought  always  to  open  quite  to  the  ceiling. 

In  all  cases,  a  tube  should  pass  from  the  top  of  the  closet  to  the  outer  air ; 
and,  if  the  closet  is  in  a  bad  situation,  should  be  heated  by  a  gas  jet. 

It  is  a  bad  plan  to  have  the  pull-up  handle  covered  by  the  lid  ;*  it  should 
be  able  to  be  pulled  up  when  the  lid  is  shut,  or  the  shutting  of  the  lid  should 
open  the  water-waste  preventer  cistern. 

The  plan  of  placing  closets  in  the  basement  should  be  entirely  given  up ; 
closet  air  is  certain  to  be  drawn  into  the  house. 

Water-Trougfis  or  Latrines, — ^These  are  very  strong  earthenware  or  cast-iron 
receptacles,  which  are  about  half  full  of  water.  The  excreta  drop  into  the 
water,  and  once  or  twice  a  day  a  valve  is  raised,  and  the  water  and  excreta 
pass  into  a  drain.  In  Liverpool,  where  excellent  water-troughs  are  in  use, 
there  is  a  receptacle  into  wluch  fall  bits  of  bricks,  towels,  or  other  things 
which  are  thrown  in,  so  that  they  are  stopped  and  fished  out  when  the  trough 
is  emptied,  and  do  not  pass  into  the  drain.  The  amount  of  water  in  the 
water -latrines  used  in  some  barracks  is  about  5  gallons  per  head  daily,  so  that 
the  plan  is  not  economical  of  water,  but,  as  it  avoids  all  loss  by  the  dripping 
in  closets,  there  is  probably  no  great  excess  of  expenditure.  It  is  a  good  plan 
to  have  a  flexible  hose  attached  to  the  water  pipe,  so  as  to  wash  thoroughly 
the  seats  and  partitions  every  day. 

The  chief  objection  to  this  plan  is  the  labour  which  is  necessary  to  empty 
the  trough  ;  but  the  plan  saves  expenditure  in  repairs  to  water-closets,  and  in 
this  respect  there  is  some  compensation.! 

In  judging  of  the  value  of  a  water-trough,  the  amount  of  water,  the  surface 
exposed  to  evaporation,  and  the  completeness  of  the  flushing,  are  the  points 
to  look  to. 

Dry  Methods.! 

The  use  of  sewers  and  removal  by  water  are  in  many  cases  impracticable. 
A  fall  cannot  be  obtained  ;  or  there  is  insufficient  water  ;  or  the  severity  of 
the  climate  freezes  the  water  for  months  in  the  year,  and  removal  by  its  means 
cannot  be  attempted.  Then  either  the  excreta  will  accumulate  about  houses, 
or  must  be  removed  in  substance  daily  or  periodically.  Even  when  water  is 
abundant^  and  sewers  can  be  made,  many  agriculturists  are  in  favour  of  the 

*  In  Dr  Aldhdge's  patent  the  handle  cannot  be  pnlled  np  until  the  lid  is  shut  down ;  there 
is  also  arrangement  for  carrying  off  fonl  gas  by  means  of  a  pipe  communicating  with  the  oater 
air,  the  lid  itself  being  air-tight  round  the  rim  of  the  seat 

t  In  the  arm^  two  kinds  of  latrines  (Macfarlane's,  of  cast-iron,  and  Jenning's  of  earthen- 
ware) have  been  in  use  for  about  fifteen  years.  The  Army  Sanitary  Oommittoe  (On  Sanitary 
Applications  introduced  into  Barracks,  Blue  Book,  1871,  p.  14)  state  that  out  of  183  barrack 
only  53  have  been  charged  with  repairs,  and  the  average  expenditure  on  these  53  has  been  12s. 
per  barrack  annually  for  Macfarlane's,  and  18s.  9d.  per  barrack  for  Jenning's  latrine,  and  nearly 
the  whole  of  these  expenses  have  been  caused  by  articles  thrown  carelessly  into  the  latrines. 

t  On  the  dry  methods  of  removal  a  very  good  paper  has  been  published  by  Dr  Bu(^anan  and 
Mr  RadcUffe  (Twelfth  Report  of  the  Medical  Officer  to  the  Privy  Council,  1870.  pp.  80  and 
111) ;  also  another  by  Mr  Netten  Radcliffe,  Report  on  certain  means  of  preventing  Excrement 
Nuisances  in  Towns  and  Villages  (New  Series,  No.  2, 1874). 
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dry  system,  as  giving  a  more  valuable  fertOising  product ;  and  various  plans 
are  in  use. 

It  is  not  necessaiy  to  consider  here  the  employment  of  cesspools,  deadwells, 
&c.,  as  such  plans  UHist  be  considered  quite  unsanitary,  and  should  be  invari- 
ably discontinued.  If  excreta  are  ever  allowed  to  accumulate,  it  should  be  in 
properly  propared  receptacles,  and  aft^  admixturo  with  deodorant& 

Removal  without  Admixture, 

In  some  cases,  the  solid  and  liquid  excreta  pass  iuto  boxes  or  tanks,  which 
are  emptied  daily,  or  from  time  to  timie,  and  the  sewage  is  at  once  applied  to 
land  without  further  treatment.  In  Glasgow,  the  excreta  from  one  part  of 
the  town,  containing  80,000  people,  are  now  removed  every  day  without 
admixture,  except  with  the  garbage  from  the  houses,  and  are  sent  long 
distances  at  a  profit.*  If  the  removal  can  be  made  daily,  the  plan  is  a  good 
one  ;  the  manure  should  not  be  applied  in  the  immediate  neighbourhood  of 
dwellings,  and  the  Barrack  Commissioners  have  ordered  thai  it  shall  not  be 
put  on  land  nearer  barracks  than  500  yards. 

In  some  towns  in  the  North  of  England  (Salford,  Halifax,  Nottingham), 
the  receptacles  are  lined  with  some  absorbent  material  (refuse  of  cloth  manu- 
factures) intended  to  absorb  the  urine  (Goux  system) ;  in  other  eases  the  urine 
is  carried  off  by  a  pipe  into  a  drain ;  the  intention  being,  in  both  cases,  to 
make  the  faecal  matter  drier,  and  to  delay  decomposition. 

In  otheis,  the  boU  being  amoved  daily,  or  at^ort  intervab,  is  taken  to  a 
manufactory,  and  there  subjected  to  manipulations  which  convert  it  into  a 
manure. 

Under  the  term  "  Poudrette,''  manufactories  of  this  kind  have  been  long 
carried  on  in  France,  though  tiiey  are  said  not  to  be  very  profitable,  f  At 
present,  however,  a  portion  of  the  nitrogen  of  the  urea  is  converted  into 
ammonia^  and  is  united  with  sulphuric  acid,  and  comes  into  the  market  as 
sulphate.  In  England,  also,  there  have  been  several  manufactories,  such  as 
the  "  Hyde  Patent  Manure  Eureka  Company,"  who  redmsed  the  soil  to  one- 
seventh  of  its  bulk  by  the  application  of  heat,  and  obtained  a  good  manure. 
Actions  for  nuisance,  on  account  of  the  effluvia,  and  the  expense  of  the  pro- 
cess, caused,  however,  the  company  to  wind  up. 

lliere  have  been  great  discussions  as  to  the  salubrity  of  the  French 
poudrette  manufactories,  and  the  evidence  is  that  they  are  not  injurious  to  the 
workmen  or  to  the  neighbourhood,  although  often  incommodious.  But  the 
poudrette  can  take  on  a  kind  of  fermentation  wbich  renders  it  dangerous,  and 
Parent-Doch&telet  has  recorded  twO'  cases  of  outbreaks  of  a  fatal  fever 
(typhoid  1)  on  board  ships  loaded  with  poudrette.  In  the  case  of  the  Eureka 
Company  no  bad  effect  was  produced  on  the  health  of  the  men. 

Admiosture  with  Deodorising  and  Anti-putrescent  Substances, 

Usually,  however,  some  deodorising  substance  is  mixed  with  the  excreta 
before  they  are  removed  from  the  house,  and  they  are  then  at  once  applied  to 
land  without  further  preparation.  Mr  Moule's  advocacy  of  the  use  of  dried 
earth  has  brought  into  prominent  notice  the  great  deodorising  powers  of  this 
substance,  and  perhaps  no  suggestion  of  late  years  has  had  more  important 

*  At  OarLsruhe,  Mannheim,  Rastadt,  and  Brachsal  the  excreta  are  removed  in  boxes  holding 
about  116  cubic  feet  (Pnuaian)  every  evening.  From  an  experience  of  eighteen  yean  (1851- 
1868),  the  excreta  of  6861  men  (mean  atren^h)  returned  7628  florins  per  annum,  or  about  Is. 
lid.  Enfflish  money  per  head.  In  Brucbsal  it  was  Is.  Id.,  and  in  Mannheim  2s.  6d.  per  head. 
This  rich  manure  has  converted  the  sandy  wastes  into  fertile  corn-fields. 

t  Nearly  all  the  solid  excreta  of  Paris  are  dealt  with  in  the  same  way,  at  the  great  depdt  of 
Clichy-Vaienne. 
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conBequences.    The  yarious  substancee  employed  to  prevent  odour  and  deoom* 
position  are  as  follows  : 

1.  Coal  and  Wood  Aahjes, — ^This  is  a  common  practice  in  the  north 
of  England,  and  closets  are  made  with  hinged  flaps  or  seats,  so  that  the  coal 
ashes  may  be  thrown  on  the  sewage.  Sometimes  screens  are  used,  so  that 
the  large  cinders  are  held  back,  and  can  be  again  used  for  firing.  In  some 
towns  there  are  receptacles  (middens)  intended  both  for  excreta  and  ashes  ; 
sometimes  these  are  cemented,  but  are  usually  porous,  and  there  may  be  a 
pipe  leading  into  a  sewer  so  as  to  dry  them.  The  midden  system  is  a  bad 
one;  even  with  every  care,  the  vast  heaps  of  putrefying  material  which 
accumulate  in  some  of  our  towns  must  have  a  very  deleterious  influence  on 
the  health,  and  the  sooner  all  middens  are  abolished  the  better.  The  deodo- 
rising eflect  of  coal  ashes  is  very  slight  The  mixture  of  coal  ashes  and 
excreta  usually  finds  a  sale,  but  the  profit  is  much  greater  if  no  ashes  are 
mixed  with  it.  Wood  ashes  are  far  more  powerful  as  deodorisers,  but  it  is 
not  easy  in  this  country  to  have  a  proper  supply. 

2.  Charcoal, — ^There  is  no  better  deodoriser  IJian  charcoal.*  Animal  char- 
coal is  too  expensive,  and  peat  charcoal  is  cheaper ;  according  to  Danchell,  3 
ounces  of  peat  charcoal  are  equal  to  1^  lb  of  earth  ;  and  this  author  states 
that  the  cost  of  charcoal  for  a  family  of  six  persons  would  only  be  1&  6d.  per 
montibu  A  plan  has  been  proposed  by  Mr  Stanford,!  and  Ib  in  use  at  Glasgow, 
which  may  obviate  the  difficulty  of  price.  Mr  Stanford  proposes  to  obtain 
charcoal  from  seaweed  ;  the  charcoal  is  chei^,  and  remarkably  useful  as  a 
deodoriser.  After  it  has  become  thoroughly  impregnated  with  fnoes  and 
urine,  the  mixture  is  re-carbonised  in  a  retort,  and  the  carbon  can  be  again 
used  ;  the  distilled  products  (ammoniacal  liquor,  containing  acetate  of  lune, 
tar,  gas)  are  sufficient  to  pay  the  cost,  and  it  is  said  even  to  give  a  profit 

The  closet  used  with  this  carbon  is,  in  principle,  similar  to  Moule's  eartii 
doset^  with  various  improvements  for  more  thoroughly  mixing  the  charcoal 
and  sewage. 

The  advantages  claimed  for  Mr  Stanford's  process  are  the  complete  deodo- 
rising effect ;  the  small  amount  of  charcoal  required  as  compared  with  dry 
earth  (three-fourths  less  required) ;  the  value  of  the  dry  manure,  or  of  the 
distilled  products,  if  the  mixture  is  rebiimt ;  and,  in  the  laet  case  (burning), 
the  complete  destruction  of  all  noxious  agencies.  In  using  it  the  mixed  char- 
coal and  sewage  may  be  stored  for  some  months  without  odour  in  some  con- 
venient receptacle  outside,  but  not  under  the  house ;  and  Mr  Stanford  states 
that  all  the  house  urine  can  be  abo  allowed  to  flow  into  this  receptada  The 
reburning  of  the  mixture  can  be  tn  a  gas  retort,  or  a  special  retort  is  built  for 
the  purpose  ;  the  charcoal  left  in  the  retort  is  returned  to  the  house. 

3.  Earth. — Since  the  Eev.  Mr  Moule  pointed  out  the  powerful  deodorising 
properties  of  dried  earth,  many  different  closets  have  been  proposed. 

Mr  Moule's  earth  closet  consists  of  a  wooden  box,  with  a  receptacle  below, 
and  a  hopper  above,  from  which  dried  earth  falls  on  the  sewage  when  the 
plug  is  pulled  up.  The  earth  is  previously  dried,  and  about  l|  to  1^  fi>  of 
the  dried  earth  per  head  daily  is  the  usufd  allowance.  For  a  single  house, 
the  earth  can  be  dried  over  the  kitchen  fire ;  but  if  a  village  is  to  be  supplied, 
a  small  shed,  fitted  with  tiles,  below  which  smoke  pipes  from  a  small  furnace 
pass,  is  required.  The  earth  used  in  the  closet  is  sufficient  to  deodorise  the 
solid  excreta,  and  the  portion  of  the  urine  passed  with  them  ;  but  the  rest  of 
the  urine  and  the  house  water  has  to  be  carried  off  in  pipes,  and  disposed  of 

*  At  Kreilingen  in  HoUand,  a  poU  lyBtem  is  in  use,  where  charcoal  is  employed  made  from 
burning  town  refuse.    It  appears  to  yield  a  product  of  sufficient  value  to  pay  itsell 
t  Chemical  News,  June  and  October  1869,  and  Feb.  1872. 
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in  some  other  way.  The  receptacle  is  emptied  from  time  to  time,  and  the 
miztuie  is  stored  until  it  can  be  applied  to  land. 

The  advantages  of  this  plan  are  obvious ;  its  disadvantages  are  the  necessity 
of  collecting;  and  drying;  and  storing  the  earth,  which  for  cottagers  who  have 
little  space,  and  possibly  no  means  of  getting  CMEuth,  is  a  serious  matter.  The 
supply  of  dried  earth  to  large  towns  is  almost  a  matter  of  impossibility,  so 
laige  is  the  amount  required^  Again,  the  attention  necessary  to  prevent  the 
house  water  being  thrown  in,  and  to  remove  the  soil  at  sufficiently  short 
periods,  sometimes  militate  against  the  success  To  obviate  these  dis- 
advantages, some  modifications  have  been  introduced  into  Moule's  closet ;  one 
side  of  file  receptacle  may  be  covered  with  a  grating,  leading  to  a  pipe,  so  that 
all  fluids  drain  away,  and  the  house  water  can  be  thrown  in.  In  another 
plan,  as  in  Taylor's  improved  closet,  the  urine  is  earned  away  without  mixing 
at  all  with  the  solid  excreta.  Sometimes  the  urine  thus  separated  is  led  into 
another  box  of  earth,  and  is  thus  more  easily  disposed  of,  if  there  are  no 
means  of  taking  it  entirely  away ;  or  it  is  passed  into  a  tank,  and  then  used 
as  liquid  manure.  In  another  modification  (Moser^s),  a  partition  along  the 
front  holds  some  absorbent  substance  (sawdust,  straw),  into  which  the  urine 
passes,  and  the  solids  are  thus  kept  dry.  This  separation  of  the  urine  and 
solids  certainly  appears  to  be  an  improvement  Dr  Carpenter  of  Croydon 
reports  well  of  these  cbsets  (Baily  Denton,  op,  cit  p.  102). 

The  best  kind  of  earth  is  clay,  marl,  and  vegetable  humus ;  when  dried, 
the  clay  is  easily  powdered.     ChaJk  and  pure  sand  are  of  little  use. 

The  earth  system  is  coming  into  great  use  in  India,  and  is  carried  out  with 
great  attention  to  detail  In  those  European  stations  where  water  is  not  pro- 
curable, Mr  Moule's  invention  has  been  a  boon  of  great  value,  and  I  have 
been  told  by  medical  officers  that  nothing  has  been  done  in  India  of  late  years 
which  has  contributed  so  much  to  the  health  and  comfort  of  the  menf  The 
plan  of  separating  the  urine  from  the  faeces  has  been  strongly  advocated  by 
Dr  Cornish  of  Madras,  and  would  no  doubt  be  attended  with  great  advantages 
in  India,  if  there  are  means  of  disposal  of  the  urina  The  chief  difficulty  in 
the  European  barracks  in  India  is  felt  during  the  rainy  seasons,  when  the 
mixed  excreta  and  earth  cannot  be  kept  sufficiently  dry. 

In  the  case  of  natives  of  India,  however,  a  serious  difficulty  arises  in  the 
use  of  the  earth  system,  in  consequence^  of  the  universal  use  of  water  for 
ablution  after  using  the  closet  Every  native  takes  with  him  a  small  vessel 
holding  10  to  20  ounces  of  water,  so  that  a  large  amount  of  fluid  has  to  be 
disposed  ol  The  usual  earth  closet  does  not  suffice  for  this.  Mr  Charles 
Turner,  C.E,  of  Southampton,  has  contrived  a  closet  suitable  for  the  native 
family  ;|  it  is  unfortunately  too  costly,  and  possibly  a  simple  iron  box,  with 
a  pipe  to  carry  off  the  urine  and  ablution  water,  would  be  better  suited  for 
tfaie  poorer  claesea 

It  appears  horn  the  observations  of  Mr  Eawcus,  at  the  jaU  of  Alipore,  that 
more  earth  must  be  used  for  vegetable  than  for  animal  feeders ;  the  experi- 
ments gave  5*1  lb  avoir.  (2^  seers)  of  undried  earth  for  the  daily  evacuation 

*  For  workhoTues,  prisons,  barracks  in  country  places,  where  there  is  plenty  of  labour,  and 
no  difficulty  in  obtaining  and  afterwards  of  disposing  of  the  earth,  the  plan  is  almost  perfect. 
So  also  for  small  villages,  if  some  central  authority  arranges  for  the  supply  of  earth,  and  for 
the  removal  of  the  us^  soQ.  For  a  good  statement  of  the  advantages  or  tne  earth  system,  see 
Dr  Hawksley's  paper  in  the  Report  of  the  Leamington  CongreflS  on  the  Sewage  of  Towns. 
The  British  Samtfuy  Co.  has  a  good  form  of  this  closet. 

f  An  account  of  the  Bensal  arrangements  will  be  found  In  the  2d  edition  of  this  work,  p.  829. 
I  have  now  omitted  it,  as  ^e  plans  are  being  much  altered. 

X  This  was  done  at  the  sunrestion  of  Dr  Niven  of  Bombay.  Mr  Tunei's  doset  is  described 
and  figured  in  my  report  on  Hygiene  for  1867,  Army  Medical  Rexmrt  for  1866,  published  1868, 
voL  viii.  p.  807. 
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of  a  vegetable-feeding  Hindoo.  The  urine  discharge  (2  lb)  Teqniied  8*2  lb  cl 
earth.  The  earth  was  efficacious  in  proportion  to  the  vegetable  organic  matter 
or  humus.  In  the  experiments  in  this  country  the  clayey  matters  (silicates 
of  alumina)  have  seemed  to  be  chiefly  useful  In  Indian  jails  and  some 
cantonments  the  trench  system  is  used ;  shallow  (1  to  1^  foot-deep)  trenches 
are  dug  in  a  field,  and  earth  is  thrown  over  the  excreta ;  when  the  trenches 
are  full,  the  whole  is  ploughed  up,  and  vegetables  are  at  once  planted,  trenches 
being  dug  elsewhere ;  after  two  or  three  crops  this  portion  of  the  field  may  be 
used  again.  Great  importance  is  attached  to  the  early  and  repeated,  cropping 
of  the  ground.* 

4.  Deodorising  Powders, — Instead  of  charcoal  or  earth,  M'DougaU's  or 
Calvert's  carbolic  acid  powders  may  be  used,  and  this  plan  has  been  largely 
adopted  in  some  Indian  stations.  A  comparatively  small  quantity  is  required, 
but  the  smell  of  the  carbolic  acid  and  the  cost  are  somewhat  against  the  plan. 
Dr  Bond's  preparations  of  Terebene,  viz.,  the  Terebene  powder,  Cupralum, 
Ferralum,  &c.,  are  very  effiacious  and  have  a  pleasant  odour.  Langton-^ones' 
Universal  Disinfecting  Powder  is  inodorous,  but  not  very  powerful 

5.  Sawdust  mixed  with  sulphuric  or  carbolic  acid.  I  found  the  mixture  of 
sulphuric  acid  and  sawdust  to  have  little  efficacy ;  the  carbolic  acid  has  the 
disadvantage  of  the  odour  which  adheres  to  the  clothes.  Chloralum  powder 
is  also  mixed  with  sawdust,  and  is  moderately  efficacious. 

6.  In  Germany,  Suvem's  deodoriser  (a  mixture  of  lime,  magnesium 
chloride,  and  coal-tar)  is  much  used.  The  Miiller-Schiir  deodoriser  is  com- 
posed of  100  B)  of  lime,  20  lb  of  powdered  wood  charcoal,  10  ft)  of  peat 
powder  or  sawdust^  and  1  fc  of  carbolic  acid  containing  60  to  70  per  cent  of 
real  acid.  After  mixing,  the  mass  is  put  under  cover  for  a  night  to  avoid 
any  chance  of  self-combustion,  and  when  it  is  dry.  it  is  packed  in  barrels. 
Lueder  and  Leidlofl^s  powder,  consisting  of  ferric  sulphate,  ferrous  sulphate, 
calcium  sulphate,  and  a  little  free  sulphuric  acid,  is  also  much  used.  It  is 
moderately  successful 

Arrangement  of  Cloaets  on  the  Dry  Plan, 

As  the  excreta  after  being  mixed  with  the  deodoriser  are  in  most  cases  kept 
for  some  days  or  even  weeks  close  to  the  house^  the  same  rules  as  to  position 
and  construction  of  closets  should  be  employed  as  in  the  case  of  water-clo8et& 
The  closet  should  never  be  in  the  basement,  but  in  th»  roof,  or  better  still  in 
a  detached  building  or  semi-detached,  and  with  thorough  ventilation  between 
it  and  the  house ;  there  should  be  a  pipe  leading  at  once  to  the  outer  air  from 
the  closet,  and  one  from  the  receptacle. 

The  receptacle  itself  is  usually  movable ;  but  if  not^  it  should  be  most 
carefully  cemented  so  that  no  leakage  may  occur. 

"With  these  precautions  no  odour  will  be  perceived ;  but  it  is  still  very 
desirable  that  the  removal  of  the  soil  should  be  as  frequent  as  possibla  In 
country  houses  there  is  no  difficulty,  but  in  towns  the  removal  can  seldom  be 
more  fi^quent  than  once  a  week,  and  often  is  only  once  a  month. 

The  forms  of  the  closet  itself  are  nimierous.  Those  applicable  to  the  earth 
plan  have  been  already  noticed.  Colonel  Synge,  REr^  has  patented  a  closet 
for  Mr  Stanford's  charcoal  process  (the  Alver  appliance  for  dry  deodorants). 
In  Germany  and  the  north  of  Europe,  where  the  dry  removal,  but  without 
admixture  with  deodorant  powders,  is  in  much  use,  there  are  various  closets 

— > —  -  -  1         fi    i  -     -  - 

*  Two  objections  have  been  made  to  the  dry  eartb  system :  1.  It  is  almost  impossible  to 
get  rid  of  a  certain  amount  of  smell,  even  with  deodorants.  2.  The  product  is  not  very  valu- 
able, according  to  Dr  Gilbert's  analvsis,  not  so  valuable  as  good  garden  mould,  even  after  the 
earth  has  been  twice  used.    The  chief  value  is  therefore  a  sanitary  one. 
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in  wliich  the  mine  and  faeces  are  separated.*  The  "air-closet"  of  Mehlhouse 
is  said  to  be  a  good  arrangement  for  houses.  The  urine  runs  into  a  porcelain 
funnel  fixed  on  the  front  wall  of  the  pan,  and  then  into  an  iron  vessel,  from 
which  it  can  readily  be  removed  through  a  valve  ;  the  solids  fall  into  an  iron 
receptacle  at  the  back  part  of  the  pan.  A  discharge  tube  passes  from  the 
back  and  top  part  of  this  receptacle  into  a  chimney.  Two  openings  in  the 
front  wall,  which  can  be  closed  by  valves,  can  be  used  as  inlets  for  the  air. 
If  a  hopper  with  charcoal  or  dried  earth  were  attached  to  this  closet,  it  would 
be  almost  identical  with  Taylor's  improved  closet,  f 

darhoniecdion. 

In  1869,  Mr  HickeyJ  of  Darjeeling  (Bengal  Presidency)  proposed  to 
carbonise  the  sewage  in  retorts,  either  with  or  without  previous  admixture 
with  charcoal  Almost  at  the  same  time  Mr  Stanford  §  proposed  the  plan 
already  referred  to,  of  the  addition  of  sea-weed  charcoal,  and  subsequent 
distillation. 

In  India  the  difficulty  of  obtaining  a  remunerative  price  for  the  ammoniacal 
products,  and  the  large  cost  of  the  apparatus  necessary  for  working  the  plan, 
has  been  unfavourable  to  its  success.  Dr  Macnamara  of  Calcutta  gives  the 
following  analyses  of  the  products  of  the  carbonisation: — Id,  Gas  (viz., 
hydrogen,  35-36  ;  marsh  gas,  31*28 ;  olefiant  and  other  heavy  hydro-carbons, 
2*4;  carbonic  oxide,  21*74;  carbonic  acid,  9,  and  a  trace  of  phosphoretted 
hydrogen  in  100  parts).  M,  Tar-like  stuff,  the  so-called  "light-oils."  3c?, 
Ammoniacal  liquid.  Uh,  Eesiduum  of  animal  charcoal,  which  rendered 
inodorous  an  equal  weight  of  excreta.  About  120  Bb  of  coke  were  used  to 
bum  ^  ton  of  the  mixed  excreta.  Carbonisation  is  now  being  tried  in  this 
country,  and  may  possibly  be  commercially  successful.  Experience  only  can 
show  if  it  is  so,  but  if  it  will  return  a  profit,  there  can  be  no  question  that  it 
is  an  excellent  plan  in  a  purely  sanitary  point  of  view.  The  chief  money 
difficulty  in  the  process  is  the  large  amount  of  water  which  has  to  be  driven 
ofl^  which  greatly  increases  the  expense. 

In  Manchester  Fryer's  patent  method  is  in  operation,  and  it  is  now  being 
applied,  in  whole  or  in  part,  at  Birmingham  and  at  Leeds.  It  consists  of  a 
Destructor,  which  reduces  to  slag  aU  the  more  bulky  town  refuse,  such  as 
cinders  and  ashes,  broken  earthenware  and  glass,  which  cannot  be  dealt  with 
except  by  being  accumulated  in  a  rubbish  heap.  This  slag  is  ground,  mixed 
with  lime,  and  sold  as  mortar.  The  apparatus  is  so  arranged  that  none  of  the 
heat  is  lost,  while  the  heated  products  of  combustion  pass  over  fresh  portions 
of  material  and  prepare  it  for  combustion.  The  mass  is  reduced  in  bulk  to 
one-third.  Other  refuse,  such  as  condemned  food,  vegetable  garbage,  street 
sweepings,  and  the  like,  are  reduced  to  charcoal  in  another  apparatus  called 
the  Carboniser.  The  carbon  thus  produced  is  used  for  disinfecting  purposes, 
for  decolorising  the  waste  water  from  factories,  <&c.  The  excreta  proper  it  is 
proposed  to  collect  in  pails  and  reduce  to  small  bulk,  by  drying  in  a  closed 
apparatus,  called  the  Concretor ;  the  ammonia  being  fixed  by  the  sulphuric 
acid  fumes  produced  by  the  other  processes.  By  tlus  means  the  contents  of 
the  pails  are  reduced  to  one-twelfth,  and  a  valuable  manure  obtained,  which 
may  be  either  in  the  form  of  poudrette  or  mixed  with  a  little  charcoal 

*  Both  and  Lex  {op.  cU.  p.  464)  give  a  good  description  of  these.    See  also  for  some  good 
remarks,  Pettenkoffei's  paper  on  the  Sewerage  of  B&le  (Zeitsch.  fiir  Biologie,  band  iii.  p.  273). 

f  Dr  Bond  has  also  invented  a  good  form  of  self-acting  closet,  which  separates  the  urine  and 
fieces.    At  Manchester  and  Salford  the  cinder-sifting  closet  of  Mr  Monell  is  in  use. 

X  The  Carbonisation  or  Dry  Distillation  System  of  Conservancy,  by  W.  R.  S.  Hickey,  C.E. ; 
with  a  note  on  Dry  Sewage,  by  F.  J.  Monat,  M.D.,  Darjeeling,  1869. 
^  {  A  Chemist's  View  of  the  bewage  Question,  Chemical  News,  June  to  October  1869. 
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The  Pneumatic  Air  Plan  *  (Aspiration  Plan). 

A  Datch  engineer,  Captain  Liemur,  proposed  some  few  years  since  an 
entirely  novel  plan.  'No  water  or  deodorising  powders  are  used ;  the  excreta 
fall  into  a  straight  earthenware  pipe,  leading  to  a  smaller  iron  syphon  pipe, 
from  which  they  are  extracted  periodically  by  exhaustion  of  the  air.  The 
extracting  force,  which  can  be  used  (by  an  air-pump  worked  by  a  steam- 
engine),  is  said  to  be  equal  to  a  pressure  of  1500  lb  per  square  foot,  which  is 
sufficient  to  draw  the  excreta  through  the  tubes  with  great  rapidity.  The 
plan  has  been  tried  on  the  small  scale  at  Prague,  Botterdam,  Amsterdam, 
Leyden,  and  Hanau,  also  at  Briinn,  Olmutz,  and  St  Petersburg,  and  the 
opinions  concerning  it  are  very  various.  In  Prague  the  judgment  is  on  the 
whole  unfavourable;  in  Hanau  the  report  of  Virchow,  Marj^raf,  and  Hacker,  t 
is  also  not  very  much  in  favour  of  the  plan.  While  in  some  of  the  tubes  the 
action  was  satisfactory,  in  others  there  were  portions  of  faecal  matter  adhering 
to  the  sides,  and  in  one  tube  there  was  reflux  of  offensive  gas.  A  report  on 
the  same  plan  by  a  deputation  from  Frankfort  is  more  favourable.  {  In 
Amsterdam,  the  Liemur  system  has  been  in  use  in  two  streets  since  November 
1871,  and  in  Leyden  since  September  1871.§  In  Amsterdam  the  opinions 
are  doubtful ;  some  reflux  of  gas  and  some  adherence  of  f secal  matters  to  parts 
of  the  tube  is  noted,  and  in  the  syphon  all  observers  agree  that  some  portion 
of  fseces  and  urine  remains.  C^  on  the  part  of  inhabitants,  and  washing 
some  of  the  tubes  with  a  small  quantity  of  water,  appears  to  be  sometimes 
necessary ;  and  in  times  of  epidemics  disinfection  must  also  be  used.  The 
opinions  of  Schroder  and  Lorent  appear  finally  to  be  that,  while  the  system 
can  hardly  be  recommended  for  hospitals,  and  in  fact  is  perhaps  not  to  be 
generally  recommended,  there  may  be  locahties  where  it  can  be  advantageously 
used,  as  in  low-lying  marshy  places,  where  irrigation  of  water  sewage  cannot 
be  used.  It  is  agreed  by  all  that  it  cannot  render  sewers  unnecessary.  I  have 
not  seen  this  system  in  operation,  but  the  effect  produced  upon  my  mind  by 
reading  the  reports  is,  that  it  is  less  simple  and  less  efficacious  than  the  English 
plan  of  dry  removal  after  admixture  with  deodorants,  but  that  it  is  more  easily 
worked  than  was  anticipated.  || 

*  The  Sewage  Qaestion,  by  F.  C.  Erepp,  London.  1867.  This  book  was  written  for  the 
puipose  of  brmging  the  Liernur  plan  before  the  public,  and  some  parts  of  it  must  be  taken 
with  limitation. 

t  Deutsche  Vierteljahrs.  fUr  affenti.  Gesondsheitspfl.  band  iii.  p.  813  (1871). 

t  Ibid,  band  iii.  p.  812. 

I  Beport  of  KaulT  and  Esner  in  Deutsche  Yiertelj,  fdr  off.  Qesnndsheitspfl.  band  iv.  p. 
816.  These  gentlemen  were  sent  from  Heidelburg  to  mvestigate  the  plan.  Report  of  Messrs 
Schroder  and  Lorent  (Ibid,  band  iv.  p.  486).  In  this  Report  is  a  good  technical  and  financial 
account. 

II  Since  this  was  written.  Ballot  (Medical  Times  and  Gazette,  15th  Feb.  1873)  has  spoken 
more  favourably  of  it,  and  considers  it  to  have  been  a  decided  success  in  Amsterdam  and 
Leyden.  Gori,  on  the  other  hand  (Med.  Times  and  Gazette,  8th  March  1878),  has  replied  to 
Ballot,  denies  that  this  is  the  case,  and  dedares  that  in  Amsterdam  all  with  one  consent  say, 
*'  It  is  impracticable."    Ballot  adheres,  however,  to  his  statement. 

I  saw  the  system  at  work  in  Leyden  in  Sept.  1876,  when  much  of  its  results  and  details  was 
explained  to  me  by  the  late  Professor  Boogaard.  It  seemed  very  effectual,  and  there  was  a  total 
absence  of  odour,  although  I  was  present  in  some  of  the  closets  at  the  moment  that  the  ooo- 
tents  were  sucked  away  by  the  apparatus.  In  Leyden  the  material  is  sold  in  baireis  in  the 
liquid  form,  but  at  Dordrecht,  where  the  newest  and  most  complete  works  are,  it  is  made  into 
poudrette,  which  is  said  to  pay.  In  this  country,  Mr  Adam  Scott  has  done  his  best  to  bring  it  to 
public  notice  (see  his  papers  in  the  Builder,  Suiitary  Record,  Public  Health,  kc.)  He  considers 
that  it  has  been  shown  oy  five  years'  experience  in  Holland,  that  the  pneumatic  system,  by  re- 
moving excrement  without  any  possible  pollution  of  air,  soil,  or  water,  has  banished  typhoid 
and  diphtheria,  as  well  as  cholera  and  any  diseases  that  are  conveyed  by  the  discharge  trxaa  the 
intestines.  The  Committee  on  Town  Sewage  (Mr  Rawlinson  and  Mr  C.  S.  Reade)  speak  most  dis- 
pttwnffly  of  it,  more  so,  indeed,  than  seems  warranted  by  all  the  evidence.  On  the  other 
nana,  the  patent  for  Austria  and  Hungary  has  been  purchased  by  the  Vienna  Joint-stock 
Agricultural  Society,  who  consider  it  a  success,  both  hygienioally  and  financially.    [F.  de  C] 
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Comparison  of  the  different  Methods. 

Mucli  controversy  has  arisen  on  this  point,  though  it  does  not  appear  that 
the  question  of  the  hest  mode  of  removing  excreta  is  really  a  very  difficult  one. 
It  is  simply  one  which  cannot  he  always  answered  in  the  same  way. 

It  will  prohahly  he  agreed  hy  all  that  no  lai^  town  can  exist  without  sewers 
to  carry  off  the  foul  house  water,  some  urine  and  trade  products,  and  that  this 
sewer  water  must  he  purified  before  discharge  into  streams.  The  only  question 
18^  whether  fsecal  excreta  should  also  pass  into  the  sewers. 

It  will  also  he,  no  doubt,  admitted  that  no  argument  ought  to  be  drawn 
against  sewers  from  imperfection  in  their  construction.  The  advocate  of  water 
removal  of  solid  excreta  can  fairly  claim  that  his  argument  pre-supposes  that 
the  sewers  are  laid  with  all  the  precision  and  precaution  of  modem  science  ; 
that  the  houses  are  thoroughly  secured  from  reflux  of  sewer  air ;  that  the  water- 
closets  or  water-troughs  are  properly  used ;  and  that  the  other  conditions  of 
sufficient  water  supply  and  power  of  disposal  of  the  sewer  water  are  also  present 
If  these  conditions  are  fulfilled,  what  reason  is  there  for  keeping  out  of  the 
sewer  water  (which  must,  under  any  circumstance  of  urban  life,  be  foul),  the 
solid  excreta,  which,  after  all,  cannot  add  very  greatly  to  its  impurity,  and  do 
add  something  to  its  agricultural  value  1 

That  it  is  not  the  solid  excreta  alone  which  cause  the  difficulty  of  the 
disposal  of  sewer  water  is  seen  from  the  case  of  Birmingham.  That  city  is 
sewered ;  it  contains  nearly  360,000  inhabitants,  and  is  in  the  greatest  difficulty 
how  to  dispose  of  its  sewer  water ;  yet  the  solid  excreta  of  only  20,000  persons 
pass  into  the  sewers,  while  the  solid  excreta  of  325,000  persons  are  received 
into  middens.*  The  problem  of  disposal  is  as  serious  for  Birmingham  as  if 
all  the  excreta  passed  in. 

The  great  difficulty,  in  fact,  consists  not  so  much  in  the  entrance  of  the  solid 
excreta  into  sewers,  as  in  the  immense  quantity  of  water  which  has  to  be 
disposed  of  in  the  case  of  very  large  inland  towns  with  water-closets.  If 
water-closets  are  not  used,  the  amount  of  water  supplied  to  towns,  and  that  of 
sewer  water,  are  considerably  lessened. 

Looking  to  all  the  conditions  of  the  problem,  it  appears  to  me  that  it  is 
impossible  for  all  towns  to  have  the  same  plan,  and  the  circumstances  of  each 
town  or  village  must  be  considered  in  determining  the  best  method  for  the 
removal  of  excreta.  London  is  particularly  well  adapted  for  water  sewerage, 
on  account  of  the  conformation  of  the  ground  north  of  the  Thames,  of  the 
number  of  streams  (which  have  all  been  converted  into  sewers),  and  of  the 
comparative  facility  of  getting  rid  of  its  sewer  water.  The  same  may  be  said 
of  Liverpool  and  many  other  towns.  In  Birmingham,  on  the  other  hand,  the 
inland  position,  the  price  of  land,  and  the  comparative  difficulty  of  getting 
water,  seem  to  render  other  plans  more  desirable.  If  it  had  been  possible, 
years  ago,  to  act  with  our  present  knowledge,  and  to  devise  a  scheme  for 
Birmingham,  it  would  have  been  best,  I  believe,  to  have  taken  the  rainfall 
into  the  Eea ;  to  have  had  the  sewers  merely  for  house  and  trade  water  (which 
would  have  given  a  manageable  amount  for  filtration  through  land) ;  and  to 
have  introduced  the  charcoal  or  some  similar  deodorising  dry  plan  for  the  solid 
excreta,  and  for  a  part  of  the  urine,  with  short  periods  of  removal 

In  many  towns  where  land  is  more  available,  the  immediate  application  to 
land,  either  by  filtration  or  irrigation,  may  be  evidently  indicated  by  the 


*  Report  of  the  BirminghaTn  Sewatce  Inquiry  Committee  (1871),  Summary,  p.  11.  It  should, 
however,  be  added  that  two-thirds  of  the  middens  draiu  into  the  sewers,  ».e.,  allow  urine  and 
some  diffluent  faecal  matter  to  pass  in.  In  1875,  128,512  tons  of  midden  refuse  were  removed 
and  sent  to  country  depOts,  to  oe  afterwards  disposed  of  to  farmers. 


3.98  REMOVAL  OF  EXCRETA. 

conditions  of  the  case,  while  in  others  precipitation  may  have  to  be  resorted 
to  before  application  to  land.  It  does  not  appear  that  precipitation  should  in 
all  cases  precede  irrigation  or  filtration,  though  mechanical  arrest  of  the  large 
suspended  matters  is  necessary.  There  may  be  some  towns,  again,  in  which 
the  impossibility  of  getting  water  or  land  may  necessitate  the  employment  of 
dry  removal ;  and  this  is  especially  the  case  with  small  towns  and  villages, 
where  the  expense  of  good  sewers  and  of  a  good  supply  of  water  is  so  great 
as  to  render  it  impossible  to  adopt  removal  by  water.  It  may,  indeed,  be 
said  that,  in  small  towns  in  agricultural  districts,  the  dry  removal,  if 
properly  carried  out,  will  be  the  best  both  for  the  inhabitants  and  for  the 
land. 

The  view  here  taken  that  no  single  system  can  meet  all  cases,  and  that  the 
circumstances  of  every  locality  must  guide  the  decision,  is  not  a  compromise 
between  opposing  plans,  but  is  simply  the  conclusion  which  seems  to  me 
forced  on  us  by  the  facts  of  the  case.  It  does  not  invalidate  the  conclusion 
already  come  to,  that  where  circumstances  are  favourable  for  its  efficient 
execution,  the  water  sewage  plan  (with  or  without  interception  of  rainfall)  is 
the  best  for  large  communities. 

SECTION  HL 

DEODORISATION  OF  SEWAGE. 

Under  the  headings  of  "  Precipitation  of  Sewage  "  and  "  Dry  Eemoval," 
the  chief  deodorisers  have  been  noticed,  but  it  may  be  convenient  to  give  a 
recapitulation. 

Sub-Sbction  I. 

A  very  great  number  of  substances  have  been  added  to  sewage  for  the 
purpose  of  preventing  decomposition  and  retaining  the  ammoniacal  com- 
pounds. 

1.  Charcoal — which  soon,  however,  gets  clogged  and  loses  its  power — ^it  is 
not  nearly  so  useful  when  used  in  this  way  as  in  the  purification  of  air. 
Sillar's  preparation  (the  A,  B,  C  deodorant)  is  a  mixture  of  animal  charcoal, 
blood,  day,  and  alum  refuse.  Messrs  Weare  &  Go's  is  also  a  charcoal 
process. 

2.  Dry  earthy  especially,  as  already  noticed,  marly  and  clayey  soils ;  the 
effect  is  similar  to  charcoal,  but  it  is  not  so  soon  clogged.  Dr  Bird's  prepara- 
tion is  ferruginous  clay  moistened  with  sulphuric  acid,  and  then  dried  and 
pulverised     It  is  said  to  have  a  good  effect. 

3.  Quicklime  is  sprinkled  over  the  solid  excreta,  or  quickUme  and  water 
added  to  sewer  water,  in  proportion  already  given,  till  a  deposit  occurs,  leaving 
a  clear  fluid  above.  This  is  chiefly  caused  by  the  Hme  forming  insoluble 
salts,  by  union  with  carbonic  and  phosphoric  acids,  and  mechanically  carrying 
down  the  suspended  matters.  The  sulphuretted  hydrogen  forms  calcium 
sulphide,  which  remains  in  the  supernatant  fluid.  The  anmionia  is  set  free. 
The  potash  salts  remain  in  the  liquid.  Five-sixths  of  the  phosphoric  acid  are 
in  the  precipitate.  No  organic  matter  is  precipitated  except  mechanically. 
The  solid  deposit  has  little  value  as  manure.  The  lime  delays,  but  does  not 
prevent  the  subsequent  decomposition  of  the  animal  and  vegetable  matters, 
and  as  the  calcium  sulphide  easily  decomposes,  sulphuretted  hydrogen  is  very 
liable  to  be  again  set  ^e  from  the  ctear  fluid. 

The  process,  though  simple  and  cheap,  is  by  no  means  perfect.  The  addi- 
tion of  charcoal  to  the  lime  does  not  materially  modify  the  result 
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From  15  to  16  grains  of  quicklime  are  enough  for  1  gallon  of  sewage,  or 
20  cwt  per  million  gallons.  At  Leicester  580  tons  of  quicklime  were  used 
per  annum  for  4,700,000  tons  of  sewage.  The  process  has  now  heen  discon- 
tinued there,  hut  is  still  partially  employed  at  Birmingham  and  elsewhere. 

Hanson's  process  consists  in  the  use  of  slaked  lime  and  hlack  ash  refuse,  or 
the  soda  and  tank  waste  from  the  alkali  works,  mixed  with  sulphuric  acid. 

4.  Cheap  salts  of  alumina^  and  then  lime,  or  alum  sludge,  lime,  and  waste 
animal  charcoal  (Manning),  or  zinc  and  charcoal  (Stothert's  process),  alum, 
blood,  and  bone  black  (Sillar's  process),  chloride  of  aluminium  (chlor-alum). 

The  alumina  precipitated  by  the  lime  forms  a  very  bulky  precipitate,  well 
suited  to  the  entanglement  of  suspended  matters.  The  clearance  of  the  sewage 
is  more  perfect  than  with  Hme  alone,  but  otherwise  the  process  and  the 
objections  are  the  same,  and  the  cost  is  greater.  The  whole  of  the  phosphoric 
acid  is  precipitated  as  phosphate  of  alumina.  To  a  gallon  of  sewage  water 
there  should  be  added  73^  grains  of  sulphate  of  alumina,  3^  grains  of  sulphate 
of  zinc,  73^  grains  of  charcoal,  16f  grains  of  quicklime. 

Chlor-alum  is  a  weak  solution  of  chloride  of  aluminium ;  it  is  not  a  yeiy 
powerful  deodoriser,  and  must  be  used  in  large  quantity,  but  its  cheapness 
and  want  of  poisonous  properties*  are  recommendations,  and  when  in  sufficient 
amoimt  it  is  effectual  It  is  efficacious  against  ammonia  but  not  against 
sulphuretted  hydrogen  :  it  acts  moderately  against  faecal  odour. 

5.  Superphosphate  of  magnefda  and  lime  water  (Blyth's  patent).  The  idea 
was  to  add  a  substance  which,  in  addition  to  deodorising,  might  be  useful  as 
a  manure,  and  it  was  thought  that  a  double  phosphate  of  magnesia  and 
ammonia  would  be  thrown  down ;  but  this  salt  is  sufficiently  soluble  in  water, 
especially  when  the  water  contains  chloride  of  sodium,  to  render  this  expecta- 
tion incorrect  This  method  has  been  practically  found  to  be  useless,  and  to 
be  more  costly  than  any  other  plan. 

6.  F,  Hille^\  whose  process  is  in  use  at  Wimbledon,  and  is  Hkely  to  be 
introduced  in  the  town  of  Aldershot  and  elsewhere,  uses  a  mixture  of  lime, 
tar,  and  salts  of  magnesium  for  defsecation  and  deodorising  the  sewage.  The 
effluent  water  is  then  passed  through  artificial  filters,  or  used  for  irrigation  pur- 
poses. This  plan  has  been  well  spoken  of  by  Captain  FlowerJ  and  others, 
and  it  appears  to  be  moderate  in  cost  compared  with  most  other  processes. 

7.  Iron  Percfdoride. — ^When  this  salt  is  added  to  sewage,  a  precipitate  of 
ferric  oxide  is  caused  by  the  ammonium  carbonate  (which  forms  so  rapidly  in 
sewage),  and  carries  with  it  all  the  suspended  matters  of  the  sewage.  A 
dear  fluid  remains  above.  The  sulphuretted  hydrogen  falls  in  the  precipitate 
as  iron  sulphide.  As  the  sulphide  of  iron  tends  to  form  ferric  oxide,  sulphur 
being  let  free,  it  has  been  conjectured  by  Hofmann  that  an  oxidising  effect 
from  the  oxide  may  follow  the  first  action. 

Both  precipitate  and  supernatant  liquid  are  free  from  odour. 

This  substance  has  been  tried  at  Croydon  and  Coventry.  From  14  to  29 
grains  per  gallon  of  sewage  are  necessary  for  London  sewage  j  for  Croydon 
sewage  from  5  to  15  grains  were  necessary.  One  gallon  of  liquid  perchloride 
was  sufficient  for  15,000  gallons  of  sewage  (Hofmann  and  Frankhuid). 

The  perchlorides  of  iron  can  be  manufactured  by  dissolving  in  hydrochloric 
acid  peroxide  of  iron,  the  different  iron  ores,  refuse  oxide  of  iron  from  sulphuric 
acid  works,  iron  rust  in  foundries,  &c.     Another  plan  is  to  take  equivalent 

*  In  some  samples  I  hi^ve  found  a  considerable  amount  of  lead.    [F.  de  C] 
t  System— F.  Hille,  Sewage  Disinfecting  aod  Filtration  process,  2d  edition,  1876. 
X  Sewage  Treatment,  more  especially  as  affecting  the  pollution  of  the  River  Lee,  a  paper 
contribute  to  the  Sewage  Conference  held  by  appointment  of  the  Council  of  the  Society  of 
Arts,  in  May  1876,  by  &ptam  L.  Flower,  Sanitary  Engineer,  Lee  Conserrancy  Board,  &c.* 
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proportions  of  common  salt^  sulpliuiic  add,  iron  rust,  and  water,  so  that 
chlorine,  when  disengaged,  shall  combine  with  the  iron.  A  hard,  yellowish, 
not  very  deliquescent  substance,  containing  26  per  cent,  of  perchloride  of  iron, 
is  formed,  which  can  be  transported  to  any  distance.  The  price,  if  made  in 
this  way,  is  £2,  7s.  per  ton  (cost  of  labour  not  included)  in  England. 

The  perchloride  acts  both  on  sulphuretted  hydrogen  and  on  sulphides,  in 
both  cases  setting  free  sulphur.  In  sewage  its  ordinary  action  is  on  sulphide 
of  ammonium. 

Objections  have  been  made  to  the  perchloride,  as  it  contains  arsenic  ;  but 
the  amount  of  this  is  small,  and  as  it  falls  with  the  deposit  it  is  never  likely 
to  be  dangerous. 

8.  Lueder  and  Leidloff's  powder  consists  (according  to  Leuchtenbeig's 
analysis)  of  ferric  sulphate,  36  per  cent. ;  ferrous  sulphate^  16  ;  free  sulphuric 
acid,  4 ;  calcium  sulphate  and  other  substances,  44.  It  has  been  highly  com- 
mended,  but,  from  experiments  made  at  Netley,  it  does  not  seem  very  powerful 

9.  Lead  Nitraiey  or  LedoyerCa  Fluids  is  made  by  dissolving  1  ft  of  litharge 
in  about  7  ounces  of  strong  nitric  acid  and  2  gallons  of  water  ;  a  little  of  the 
water  is  mixed  with  the  litharge  ;  the  acid  is  gradually  added,  and  then  the 
rest  of  the  water.  This  quantity  will  deodorise  a  moderate-sized  cesspooL  It 
acts  rapidly  on  sulphuretted  hydrogen,  and  can  be  depended  upon  for  this 
purpose. 

10.  Zinc  Chloride, — Burnett's  fluid  contains  25  grains  to  every  fluid 
drachm  ;  1  pint  is  added  to  a  gallon  of  water  (1  to  8).  It  is  usually  said  to 
decompose  sulphuretted  hydrogen  until  the  solution  becomes  acid,  when  its 
action  ceases  ;  but  Hofmann  finds  that  it  does  not  act  on  free  sulphuretted 
hydrogen,  but  on  ammonium  sulphide,  forming  zinc  sulphide  and  ammonium 
chloride.  It  destroys  ammoniacal  compounds  and  organic  matter.  The  sul- 
phates of  zinc  and  copper  decompose  free  sulphuretted  hydrogen,  with  forma- 
tion of  metallic  sulphide  and  water. 

Burnett's  fluid  delays  decomposition  in  sewage  for  some  time,  and  prevents 
the  acidity  of  urine  ;  but  a  very  peculiar  odour  is  given  out,  showing  that 
some  change  19  going  on.  A  good  effect  is  produced  on  sulphuretted  hydrogen 
by  a  mixture  of  zinc  and  ferrous  sulphates  (Lamaud^'  mixture)  which  also 
lessens  for  the  time  the  peculiar  sewage  smelL 

11.  Zinc  Sulphate, — This  forms  part  of  the  Universal  Disinfecting  Powder* 
(Langston-Jones'  patent),  along  with  Cooper's  salts,  viz.,  calcium  and  sodium 
chloride.  This  powder  has  the  advantage  of  being  inodorous,  but  it  is  not  a 
strong  deodorant.  It,  however,  gets  rid  of  fsacal  odour  to  some  extent,  and  is 
efficacious  against  H2S. 

12.  Potassium  permanganate  prevents  putrefaction  for  a  short  time,  and 
removes  the  odour  from  putrefying  sewage,  but  it  requires  to  be  used  in  large 
quantity.  It  has  been  proposed  to  use  it  and  ferrous  sulphate,  first  to  oxidise 
and  then  to  restrain  alkedinity ;  the  way  of  doing  this  is  to  add  the  permangan- 
ate to  the  sewage  first,  and  let  it  oxidise  as  far  as  it  can,  and  then  to  add  the 
ferrous  sulphate,  so  as  to  remove  the  chance  of  action  on  the  permanganate  by 
the  sulphate.  But  this  plan  has  not  succeeded  in  my  hands.  Although  the 
large  quantity  of  the  permanganate  which  must  be  used  makes  it  a  bad  sewage 

♦  Analysis  (de  Chaumont)— Water 7*40 

Calcium  and  Sodium  Chlorides   .       .  73*20 

Zinc  Sulphate 14*26 

Insoluble 5*20 

TotHl  .        .100-06 

To  later  samples  some  borate  of  lime  was  added.    Probably  the  addition  of  ferrooji  sulphate 
might  improve  it. 
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deodorant^  it  has  certainly  a  considerable  action  on  f  eimenting  liquids  ;  and 
it  might  be  useful  to  try  its  effect  with  cholera  dejections,  either  alone,  or,  as 
Kiihne  recommends,  with  ferric  sulphate,  which  will  not  be  acted  on  by  the 
permanganate  like  the  green  vitrioL  It  has  also  been  recommended  to  mix  it 
with  chloride  of  soda  solution. 

13.  Peparations  from  coaHiar ;  carbolic  acid  (phenol  or  phenic  acid, 
or  phenyl-alcohol  (CJBifi)  ) ;  coal>tar  oreasote,  and  cresylic  acid  (cresol  or 
cresyl-alcohol,  (G^HgO)  ),  in  various  admixtures.*  These  substances  are  all 
excellent  sewage  deodorants  and  arresters  of  putrefaction. 

The  last  few  years  have  seen  an  extraordinary  development  in  the  manu- 
facture of  these  substances.  Phenol  or  carbolic  acid  is  now  obtained  in  great 
purity,  and  is  sold  in  crystals,  and  also  in  a  liquid  form.  All  the  preparations 
may  be  conveniently  classed  under  the  three  divisions  of  crystals,  liquids,  and 
powders. 

(a)  Crystals. — Carbolic  acid,  more  or  less  pure,  is  the  only  substance  under 
this  head  ;  it  is  so  slightly  soluble  in  water  that  it  is  not  so  useful 
as  a  deodorant  as  the  impurer  kind.  Carbolic  acid  is  slightly  soluble  in  water 
in  the  proportion  of  about  5  per  cent.  When  mixed  with  sewage  it  acts 
slowly  and  not  so  perfectly  as  the  impurer  kinds.  When  exposed  to  the  air 
it  liquefies,  and  is  slowly  given  out  into  the  air,  and  is  then  supposed  to  be 
useful  as  an  air  purifier. 

(b)  Liquids, — Carbolic  acid,  more  or  less  impure,  dissolved  in  water,  simply, 
or  with  a  little  alcohol  and  cresylic  acid  (cresol),  forms  the  liquid  carbolic 
acids.  In  the  market  they  are  found  almost  colourless,  or  highly  coloured. 
The  various  liquids  contain  from  10  to  90  per  cent,  of  phenoL  Cresol,  though 
crystaUine  and  colourless  when  pure,  is  usually  found  in  the  market  as  a  dark 
liquid.  Some  of  it,  no  doubt,  exists  in  most  samples  of  carbolic  acid.  Owing 
probably  to  the  way  they  mix  at  once  with  the  sewage,  the  liquid  acids  are 
more  deodorant  than  the  crystallised  acid,  and  restrain  putrefaction  for  a  long 
time.  Carbolic  acid,  however,  does  not  act  on  sulphuretted  hydrogen,  though 
it  will  restrain  the  processes  which  produce  it. 

Samples  of  so-called  carbolic  acid  are  sold,  which  are  only  impure  tar-oils, 
and  almost  destitute  of  deodorising  power.  Sometimes  a  nauseous  sulphur 
compound  is  also  present. 

Mr  Crookesf  gives  the  following  rules  in  order  to  determine  the  presence  oi 
the  tar  oils : — 

''  Commercial  carbolic  acid  is  soluble  in  from  20  to  70  parts  of  water,  or  ii^ 
twice  its  bulk  of  a  solution  of  caustic  soda,  while  oil  of  tar  is  nearly  insoluble, 
but  if  the  amount  of  carbolic  acid  be  increased,  some  remains  undissolved. 

"  To  apply  the  tests — 1.  Put  a  teaspoonful  of  the  carbolic  acid  in  a  bottle, 
pour  on  it  half  a  pint  of  warm  water,  and  shake  the  bottle  at  intervals  for  half 
an  hour,  when  the  amount  of  oily  residue  will  show  the  impurity ;  or  dissolve 
one  part  of  caustic  soda  in  10  parts  of  warm  water,  and  shake  it  up  with  5 
parts  of  the  carbolic  acid.  As  bef ore,  the  residue  will  show  the  amount  of 
impurity. 

"  These  tests  will  show  whether  tar  oils  have  been  used  as  adulterants,  but 
to  ascertain  whether  the  liquid  consists  of  a  mere  solution  of  carbolic  acid  i^i 
water  or  alkali,  or  whether  it  contains  sulpho-carbolic  or  sulpho-cresylic  acids, 

*  It  is  perbAps  unfortunate  that  phenol  and  creeol,  which  are  rather  alcohols  than  acids, 
should  have  been  termed  carbolic  and  cresylic  adds.  If  the  terms  phenol  and  cresol  could  be 
used  instead  it  would  be  better.  But  I  have  thought  it  better  not  to  abandon  at  present 
terns  which  have  got  into  general  use. 

f  Third  Report— Cattle  Plseue  Commission.  Carbolic  acid  can  be  distinguished  from  creosol 
by  its  solubility  in  glycerine  (Morson). 

2o 
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another  test  must  be  used  based  on  the  solubility  of  these,  and  the  insolubility 
of  carbolic  acid  in  a  small  quantity  of  water.  In  this^case  proceed  as  follows  : — 
2.  Put  a  wine-glassful  of  the  liquid  to  be  tested  in  a  bottle,  and  pour  on  it 
half  a  pint  of  warm  water.  If  the  greater  part  dissolves,  it  is  an  adulterated 
article.  Test  the  liquid  in  the  bottle  with  litmus  paper ;  if  strongly  acid,  it 
will  show  the  probable  presence  of  sulpho-acids ;  whilst  if  alkaline,  it  will  show 
that  caustic  soda  has  been  probably  used  as  a  solvent." 

If  the  quantity  of  carbolic  acid  has  to  be  estimated  from  a  liquid,  it  must 
be  distilled  at  a  given  temperature.  Carbolic  acid  boils  at  184"  C.  («  363* 
Fahr.),  cresol  at  203**  C.  (  =  397'*-4  Fahr.) 

In  using  the  liquid  acid,  1  part  is  mixed  with  50  or  100  of  water,  accord- 
ing to  the  strength  of  the  acid,  and  thrown  down  drains  or  into  cesspools,  or 
sprinkled  with  a  watering-can  over  dung-heaps. 

(c)  Powders. — The  two  principal  carbolic  acid  powders  are  M'Dougall's  and 
Calvert's,  but  there  are  several  others  in  the  market  known  under  various 
names. 

M*Dougall's  and  Calvert's  powders  are  widely  different  in  composition. 

The  former  is  strongly  alkaline  from  lime,  and  makes  the  sewage  alkaline. 
It  consists  of  about  33  per  cent,  of  carbolate  of  lime  and  59  per  cent,  of 
sulphite  of  magnesia,  the  rest  being  water. 

Calvert's  powder  is  carbolic  acid,  about  20  to  30  per  cent,  mixed  with 
alumina  from  alum  works,  and  some  silica. 

The  quantity  of  these  preparations  which  must  be  used  depends  on  the 
degree  and  duration  of  deodorisation  wished  for.  For  the  daily  solid  excreta 
(4  ounces)  of  an  adult  at  least  from  30  to  70  grains  of  the  crystallised  acid, 
60  drops  of  the  strong  liquid  (90  per  cent,  of  acid),  or  \  ounce  of  the  dilute 
carbolic  acid,  sold  at  Is.  per  pint,  are  necessaiy,  if  the  sewage  is  to  be  kept  in 
an  unaltered  state  for  10  to  20  days,  but  a  smaller  amount  is  sufficient  for  2 
or  3  days.*  Dr  Sansom,  who  does  not  rate  the  effect  of  carbolic  acid  so 
highly  as  a  deodorant^  also  finds  that  much  larger  quantities  must  be  used 
than  Lb  usually  stated  {op,  cU.  p.  203).  Half  an  ounce  of  either  Calvert's  or 
M'Dougall's  powder  for  4  ounces  of  sewage  has  a  preservative  effect  for  18  to 
20  days ;  ^  ounce  or  less  is  effectual  for  3  or  4  days,  but  if  the  stools  contain 
urine  much  more  is  necessary,  f 

Smaller  quantities  can,  however,  be  used,  if  diminution,  but  not  entire 
removal  of  smell  and  putrefaction  is  desired.  Quicklime  5  parts,  and  carbolic 
acid  1  part,  make  a  good  deodorising  fluid.  If  hydrochloric  acid  is  added, 
and  then  water,  the  lime  is  deposited,  and  the  carbolic  acid  floats  on  the 
surface,  and  its  amount  can  be  determined. 

14.  The  SUvem  Deodorant. — ^The  water  flowing  from  sugar  factories  has 
long  been  a  source  of  annoyance  and  ill-health ;  it  contains  quantities  of 
vegetable  organisms  (Oscillaria  alba  or  Beggiatoa),  which  act  like  ferments, 
and  rapidly  decompose  the  sulphates  in  the  water,  and  liberate  sulphuretted 
hydrogen.  Herr  Siivem,  to  remedy  this,  proposed  a  preparation  of  ooal-^ter 
thus  prepared.  X  A  bushel  and  a  half  of  good  quicklime  are  put  in  a  cask  and 
slaked ;  it  is  well  stirred,  and  10  lb  of  coal-tar  are  thoroughly  mixed  with  it, 
80  that  the  coal-tar  may  be  thoroughly  divided.     Ff  teen  pounds  of  magnesium 

*  See  my  ezperiments  in  the  Army  Medical  Department  Report,  vol.  viii.  p.  318. 
f  Dr  John  Day  (of  Geelong)  published  a  paper  in  the  A  ustralian  Medical  Journal  (June 
1874),  on  the  comparative  value  as  dLsinfectants  of  carbolic  acid  and.  mineral  ^oila,  such  as 


?;a8oIene  and  kerosene.    He  prefers  gasolene,  and  finds  it  may  be  used  for  papered  walla, 
iimiture,  clothing,  and  flooring.    It  most  be  used  with  caution  near  lights,  as  it  is  veiy  in- 
flammable.    Dr  Day  attributes  its  action  to  its  strong  oxidising  prop^ties ;  paper  bnyihed 


over  with  it  gave  the  reaction  of  peroxide  of  hydrogen  after  more  tnan  a  year. 
"*•  Trautman,  Die  Zersetzungsgase,  1869,  p.  35. 
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cUoride  dissolved  in  hot  water  are  then  thoroughly  mixed  with  the  mass,  and 
then  additional  hot  water  is  added,  sufficient  to  make  a  mass  of  just  sufficient 
liquidity  to  drop  slowly  from  a  stick  inserted  in  it  and  then  pulled  out.  The 
magnesium  chloride  forms  deliquescent  calcium  chloride,  magnesia  being 
liberated,  and  it  is  found  that  this  prevents  the  caking  of  the  deodorant  and 
the  adherence  to  pipes.  This  deodorant  has  come  into  considerable  use  for 
eesspools,  drains,  &c.  The  Miiller-Schurr  deodoriser  has  been  already 
noticed. 

15.  Dr  F.  T.  Bond  (of  Gloucester)  has  introduced  a  new  deodorant  in  the 
form  of  powder  and  liquid,  consisting  essentially  of  metallic  salts,  alum,  and 
terebene  (a  hydrocarbon  derived  from  turpentine  by  treatment  with  sulphuric 
acid.)  Terebene  has  a  pleasant  odour,  and  so  far  is  superior  to  carbolic  acid  r 
its  deodorising  powers  are  very  considerable.  The  preparations  in  the  form 
of  powder  are  various,  the  chief  being  Ferralum  and  Oupralurriy  the  latter 
being  most  frequently  employed.  It  consists  of  copper  sulphate,  alum,  a  little 
potassium  bichromate,  and  terebene.  It  is  a  very  powerful  deodorant,  coun- 
teracting ammonia  and  sulphuretted  hydrogen,  and  at  least  masking  fsecal 
odour  as  much  as  carbolic  acid^ 

16.  The  remarkable  power  shown  by  Salicylic  add  in  arresting  fermenta- 
tion, and  its  value  in  the  antiseptic  treatment  of  wounds,  would  seem  to 
indicate  it  as  a  good  agent,  but  it  is  at  present  too  expensive  for  use  on  a 
large  scala 

General  Gondimon, — It  must  be  remembered  that  deodorisation  is  only 
possible  within  certain  limits,  and  that  in  a  number  of  cases  only  partial 
results  can  be  obtained,  unless  very  large  quantities  of  the  deodorant  are 
used.t  The  most  effectual  appear  to  be  the  terebene  preparations,  especially 
the  cupralum,  and  carbolic  acid  and  its  preparations.  Of  these  the  cupralum 
has  the  advantage  of  destroying  sulphuretted  hydrogen  and  neutralising 
ammonia,  which  are  only  masked  by  the  others.  Chloride  of  lime  and 
chloride  of  soda  are  also  powerful,  but  have  themselves  a  sickly  odour,  very 
disagreeable  to  many  persons.  The  Siivem  deodorant  is  probably  the  next 
best,  and  after  that  the  ferric  chloride  (FeClg  or  feCl). 

*  The  sabstance  advertised  as  '*  Sanitas/'  is  a  hydrocarbon  derived  from  the  resin  of  the 
BuccUppttu  OlobtUus  (Blue  Oam  Tree). 

f  In  experimenting  with  the  ver^  offensive  infusion  of  linseed,  it  was  found  almost  impos* 
aible  to  get  rid  of  odour  without  usmg  very  large  quantities  of  the  deodorants.    [F.  de  C] 


CHAPTER   XL 
WARMING  OF  HOUSES. 

Thb  heat  of  the  human  body  can  be  preserved  in  two  ways  : — 

1.  The  heat  generated  in  the  body,  which  is  continually  radiating  and  being 
carried  away  by  moving  air,  can  be  retained  and  economised  by  clothes.  If 
the  food  be  sufficient,  and  the  skin  can  thus  be  kept  warm,  there  is  no  doubt 
that  the  body  can  develop  and  retain  its  vigour  with  little  external  wannth. 
In  fact,  provided  the  degree  of  external  cold  be  not  too  great  (when,  however, 
it  may  act  in  part  by  rendering  the  procuring  of  food  difficult  and  precarious), 
it  would  seem  that  cold  does  not  imply  deficiency  of  bodily  health,  for  some 
of  the  most  vigorous  races  inhabit  the  cold  countries.  In  temperate  climates 
there  is  also  a  general  impression  (and  such  general  impressions  are  often  right) 
that  for  health}"^  adults  external  cold  is  invigorating,  provided  food  be  sufficient, 
and  if  the  internal  warmth  of  the  body  is  retained  by  clothing. 

2.  External  heat  can  be  applied  to  the  body  either  by  the  heat  of  the  sun 
(the  great  fountain  of  all  physical  force,  and  vivifier  of  life),  or  by  artificial 
means,  and  in  all  cold  countries  artificial  warming  of  habitations  is  used. 

The  points  to  determine  in  respect  of  habitations  are — 
let,  What  degree  of  artificial  warmth  should  be  given  1 
2d,  What  are  the  different  kinds  of  warmth,  and  how  are  they  to  be  given  t 

SECTION  L 

DEGREE  OF  WARMTH. 

For  Healthy  Pereons, — There  appears  no  doubt  that  both  infants  and  old 
persons  require  much  artificial  warmth,  in  addition  even  to  abundant  clothes 
and  food.  The  lowering  of  the  external  temperature,  especially  when  rapid, 
acts  very  depressingly  on  the  very  young  and  old ;  and  when  we  remember 
the  extraordinary  vivifying  effect  of  warmth,  we  cannot  be  surprised  at  this. 

For  adult  men  of  the  soldier's  age,  who  are  properly  fed  and  clothed,  it  is 
probable  that  the  degree  of  temperature  of  the  house  is  not  very  material,  and 
that  it  is  chiefly  to  be  regulated  by  what  is  comfortable.  Any  temperature 
over  48*"  up  to  GO*"  is  felt  as  comfortable,  though  this  is  dependent  in  part  on 
the  temperature  of  the  external  air.  It  seems  certain  that  for  healthy,  well- 
clothed,  and  well-fed  men  we  need  not  give  ourselves  any  great  concern  about 
the  precise  degree  of  warmth. 

For  children  and  aged  persons  we  are  not,  I  believe,  prepared  to  fix  any 
exact  temperature ;  for  new-bom  children  a  temperature  of  65°  to  70%  or 
even  more,  may  be  necessary,  and  old  people  bear  with  benefit  a  still  higher 
warmtL* 

For  Sick  Peraans, — The  degree  of  temperature  for  sick  persons  is  a  matter 

*  It  is  singular,  however,  that  in  some  old  people  the  temperature  of  the  body  is  higher 
;han  normal  (John  Davy).  Is  there,  then,  a  differenoe  in  the  amount  of  external  heat  reqmred 
in  different  persons  t 
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of  great  impoTtancey  which  requiies  more  mvestigation  than  it  has  received. 
There  seems  a  sort  of  general  role  that  the  air  of  a  sick-room  or  hospital 
should  be  about  60**  Fahr.,  and  in  most  Continental  hospitals,  warmed 
artificially,  this  is  the  contract  temperature  ;  but  the  propriety  of  this  may  be 
questioned.* 

There  are  many  diseases  greatly  benefited  by  a  low  temperature,  especially 
all  those  with  preternatural  heat  It  applies,  I  believe,  almost  without 
exception  (scarlet  fever  ?)  to  the  febrile  cases  in  the  acute  stage,  that  it  is 
desirable  to  have  the  temperature  of  the  air  as  low  as  50°,  or  even  45**  or  iO"". 
Cold  air  moving  over  the  body  is  a  cooling  agent  of  great  power,  second  only, 
if  second,  to  cold  afiiision,  nor  is  there  danger  of  bad  results  if  the  movement 
is  not  too  great  The  Austrian  experiments  on  tent  hospitals  f  show 
conclusively  that  even  considerable  cold  is  well  borne.  Even  in  the  acute  lung 
affections  this  is  the  case.  Pneumonia  cases  do  best  in  cold  wards,  provided 
there  is  no  great  current  of  air  over  them.  Many  cases  of  phthisis  bear  cool 
air,  and  even  transitions  of  temperature,  well,  provided  there  be  no  great  move- 
ment of  air.  On  the  other  hand,  it  has  appeared  to  me  that  chronic  heart 
diseases  with  lung  congestion,  emphysema  of  the  lungs,  and  diseases  of  the 
same  class,  require  a  warm  air,  and  perhaps  a  moist  ona  With  respect  to 
the  inflammatory  affections  of  the  throat,  larynx,  and  trachea,  I  have  no 
decided  evidence  of  my  own,  and  have  been  able  to  find  nothing  decisive  in 
authors  on  this  point;  but  the  spasmodic  affections  of  both  larynx  and 
bronchial  tubes  seem  benefited  by  warmth. 

In  the  convalescence,  also,  from  acute  disease,  cold  is  very  badly  borne ;  no 
doubt,  the  body,  after  the  previous  rapid  metamorphosis,  is  in  a  state  very 
susceptible  to  cold,  and,  like  the  body  of  the  infant,  resists  external  influences 
badly.  Convalescents  from  fever  must  therefore  be  always  kept  warm.  This 
is  probably  the  reason  why  it  is  found  inadvisable  to  transfer  febrile  patients 
treated  in  a  permanent  hospital  to  convalescent  tents,  although  patients 
treated  from  the  first  in  tents  have  a  good  convalescence  in  them,  as  if  there 
were  something  in  habit 

SECTION  n. 

DIFFEKENT  KINDS  OF  WARMTH. 

Heat  is  communicated  by  radiation,  conduction,  and  convection.  The  latter 
term  is  applied  to  the  conveyance  from  one  place  to  another  of  heat  by  means 
of  masses  of  air,  while  conduction  is  the  passage  of  heat  from  one  particle  to 
another — a  very  slow  process.  Practically,  conduction  aud  convection  may 
be  both  considered  under  the  head  of  convection. 

Eadiant  heat  has  been  considered  by  most  writers  the  best  means  of  warm* 
i&g  ;  it  heats  the  body  without  heating  the  air,|  and  of  course  there  is  no 
possibOity  of  impurity  being  added  to  the  air. 

*  It  is  owing  to  this  rale  that  in  French  hospitals,  artificially  ventilated  and  warmed  hj  hot 
air,  the  amount  of  air  is  lessened  and  its  temi>eratuie  heightened  in  order  to  keep  up  the  con- 
tract temperature  of  15*C.  (— 59"*  F.)  The  air  is  often  then  close  and  disagreeable.  A  safe 
Ssneral  role  is  never  to  sacrifice  fresn  air  to  temperature,  exce^yt  in  the  most  extreme  cases, 
f  course,  cold  currents  of  air  are  to  be  avoided  if  possible,  but  it  is  safer,  as  a  rule,  to  let  the  i 

general  temperature  go  down,  rather  than  diminish  the  change  of  air.    In  most  cases  it  can  be  ! 

oompensatea  for  by  iMditional  covering. 

f  See  Report  on  Hygiene  in  the  Army  Medical  Report  for  1862,  by  the  author. — Blue  Booh, 
1864.    The  Prussians  mive  also  lately  made  ^reat  use  of  tents  in  the  simimer. 

X  My  friend,  Dr  Sankey,  has  maae  experiments  which  show  that  the  temperature  of  tha 
air  of  a  room  heated  by  radiant  heat  is  really  lower  than  the  indicated  temperature  of  the  air^ 
because  tiie  bulb  is  warmed  by  radiation.    When  this  is  prevented  by  encToaing  the  bulb  in  a  i 

bright  tin  case  the  theimometer  falls. 
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The  diBadTantages  of  ladiant  heat  are  its  cost^  and  its  feebleness  at  any  dis- 
tance. The  cost  can  be  lessened  by  proper  arrangement,  but  the  loss  of  heat 
by  distance  is  irremediable.  The  effect  lessens  as  the  square  of  the  distance 
— i,e»y  if,  at  1  foot  distance  from  the  fire,  the  warming  effect  is  said  to  be 
equal  to  1,  at  4  feet  distance  it  will  be  sixteen  times  less.  A  long  room, 
therefore,  can  never  be  warmed  properly  by  radiation. 

It  has  been  attempted  to  calculate  the  amount  of  air  wanned  by  a  certain 
space  of  incandescent  fire,  and  1  square  inch  has  been  supposed  sufficient  to 
warm  8*4  cubic  feet  of  air.  But  much  depends  on  the  walls,  and  whether 
the  rays  fall  on  them  and  warm  them,  and  the  air  passing  over  them. 

Eadiating  grates  should  be  so  disposed  as  that  every  ray  is  throw  out  into 
the  room.  The  rules  indicated  by  Desaguliers  were  applied  by  Eumf  ord. 
Count  Bumf  ord  made  the  width  of  the  back  of  the  grate  one-third  the  width 
of  the  hearth  recess ;  the  sides  then  sloped  out  to  the  front  of  the  recess ;  the 
depth  of  the  grate  from  before  backwards  was  made  equal  to  the  width  of  the 
back.  The  sides  and  back  were  to  be  made  of  non-conducting  material ;  the 
chimney  throat  was  contracted  so  as  to  lessen  the  draught,  and  insure  more 
complete  combustion.  The  grate  was  brought  as  far^  forward  as  possible,  but 
still  under  the  throat. 

The  open  chimney,  which  is  a  necessity  of  the  use  of  radiant  grates,  is  so 
great  an  advantage  that  this  is  per  se  a  strong  argument  for  the  use  of  this 
kind  of  warming,  but,  in  addition,  there  can  be  little  doubt  that  radiant  heat 
is  really  the  healthiest. 

Still  the  immense  loss  of  heat  in  our  common  English  fire-places  must  lead 
to  a  modification,  and  radiant  heat  must  be  supplemented  by 

Convection  and  Conduction. 

The  air  is  heated  in  this  case  by  passing  over  hot  stones^  earthenware,  iron 
or  copper  plates,  hot  water,  steam,  or  gas  pipes.  The  air  in  the  room  is  thus 
heated,  or  the  air  taken  from  outside  is  warmed,  and  is  then  allowed  to  pass 
into  the  room,  if  possible  at  or  near  the  floor,  so  that  it  may  properly  mingle 
with  the  air  already  there.  The  heat  of  the  warming  surface  should  not  be 
great,  probably  not  more  than  120*  to  140"  Fahr. ;  there  should  be  a  large 
surface  feebly  heated.  The  air  also  should  not  be  heated  above  75"  or  80" 
Fahr.,  and  a  large  body  of  air  gently  heated  should  be  preferred  to  a  smaller 
body  heated  to  a  greater  extent,  as  more  likely  to  mix  thoroughly  with  the 
air  of  the  room. 

It  does  not  matter  what  the  kind  of  surface  may  be,  provided  it  is  not  too 
hot  If  it  is,  the  air  acquires  a  peculiar  smell,  and  is  said  to  be  burnt ;  this 
has  been  conjectured  to  be  from  the  charring  of  the  organic  matter.  Some 
have  supposed  the  smell  to  be  caused  by  the  effect  of  the  hot  air  on  the 
mucous  membrane  of  the  nose,  but  it  is  not  perceived  in  air  heated  by  the 
sun.  Such  ait  is  also  relatively  very  dry)  and  absorbs  water  eagerly  from  aD 
substances  which  can  yield  it. 

If  the  air  is  less  heated  (not  more  than  75")  it  has  no  smell,  and  the  relative 
humidity  is  not  lessened  to  an  appreciable  extent  Haller's  experiments, 
carried  on  over  six  years  with  the  Meissner  stove  common  in  Grermany,  show 
that  there  the  relative  moisture  is  not  lessened  with  moderate  warming,*  and 
I  have  found  the  same  result  with  the  Galton  stoves.  On  the  other  hand, 
when  the  plates  are  too  hot,  the  air  may  be  really  too  much  dried,  and  Dr 
Sankey  informs  me  that  while  he  never  found  the  difference  between  the  dry 
and  wet  bulbs  in  a  room  warmed  by  radiant  heat  to  be  more  than  8"  Fahr., 

.  *  Die  Liiftang  und  Brwfoniiiiff  der  Kiadentabe  and  dee  Eiankeniimmen.  von  D.  C.  HaUei> 
ISeO,  pp.  29-88. 
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He  has  noticed  in  iboms  warmed  by  hot  air  a  diifeience  of  15"*  to  17^  Fahr*| 
which  implies  a  relative  humidity,  if  the  temperature  be  60°,  of  only  34  per 
cent,  of  saturation,  which  is  much  too  dry  for  healtL  In  this  case  the  air  is 
always  unpleasant,  and  must  be  moistened  by  passing  over  water  before  it 
enters  the  room,  if  possible ;  some  heat  is  thus  lost,  but  not  much.  Of  the 
▼arious  means  of  heating,  water  is  the  best,  as  it  is  more  under  control,  and 
the  heat  can  be  carried  everywhere.  Steam  is  equally  good,  if  waste  steam 
can  be  utilised,  but  if  not,  it  is  more  expensive.  Hot-water  pipes  are 
of  two  kinds :  pipes  in  which  the  water  is  not  heated  above  200''  Fahr.,  and 
which,  therefore,  are  not  subjected  to  great  piessure ;  and  pipes  in  which  the 
water  is  heated  to  300**  or  350**  Fahr.,  and  which  are  therefore  subjected  to 
great  pressure.  These  pipes  (Perkin's  patent)  are  of  smaU  internal  calibre 
(about  ^  inch),  with  thick  walls  made  of  two  pieces  of  welded  iron ;  the  ends 
of  the  pipes  are  joined  by  an  ingeniously  contrived  screw.  In  the  low-pressure 
pipes  there  is  a  boiler  from  which  the  water  circulates  through  the  pipes  and 
returns  again,  outlets  being  provided  at  the  highest  points  for  the  exit  of  the 
air.  In  Perkin's  system  there  is  no  boiler ;  one  portion  of  the  tube  passes 
through  the  fire. 

Mr  Hood  states  that  6  feet  of  a  4-rnch  pipe  will  warm  1000  cubic  feet  in 
a  public  room  to  55".  In  dwelling-houses  for  every  1000  cubic  feet  12  feet 
of  4-inch  pipe  should  be  given,  and  will  warm  to  GS"".  In  shops,  10  feet, 
and  in  workrooms  6  feet,  per  1000  cubic  feet  are  sufficient  If  Perkins'^ 
pipes  are  used,  as  the  heating  power  is  greater,  a  less  amount  does,  probably 
about  two-thirds,  or  a  little  more. 

Steam  piping  is  now  also  much  used,  and  in  some  cases  is  more  convenient 
even  than  water.  The  Houses  of  Parliament  are  warmed  by  steam  pipes  in 
a  chamber  under  the  floor ;  the  radiating  surface  of  the  pipes  is  increased  by 
soldering  on  to  them  at  intervals  a  number  of  zinc  or  (preferably)  small 
copper  plates.  If  it  is  wished  to  lessen  the  amount  of  heat,  the  pipes,  where 
provided  with  thin  plates,  are  simply  covered  with  a  wooUen  cloth. 

The  easy  storing  up  and  conveyance  of  heat  to  any  part  of  the  room  or 
house  by  means  of  water  pipes,  the  moderate  temperature,  and  the  facility  of 
admission  of  external  air  at  any  point  by  passing  the  fresh  air  over  coils,  or 
water  leaves,  make  it  certain  that  the  plan  of  warming  by  hot  water  will  be 
greatly  used  in  time  to  come,  although  the  open  fire-place  may  be  retained  for 
comfort 

Mr  George  has  devised  a  gas  stove  (called  the  Calorigen),  which  appears  to 
be  a  decided  improvement  on  the  common  gas  stov&  Gas  is  burnt  in  a 
small  iron  box,  and  the  products  of  combustion  are  carried  to  the  open  air  by 
a  tube.  Another  coiled  tube  runs  up  through  the  box  ;  this  communicates 
below  with  the  outer  air,  and  above  opens  into  the  rooms.  As  the  fresh  air 
passes  through  this  tube  it  is  warmed  Jby  the  heat  of  the  gas  stove.  Mr  Eassie 
speaks  very  well  of  this  stove,  which  he  has  put  up  in  several  place&  He 
says  he  has  known  one  to  be  persistently  capable  of  registering  fifteen  degreea 
above  the  external  temperature  during  a  very  severe  winter,  and  that,  too,  in 
a  room  of  over  1700  cubic  feet,  with  the  roof  and  three  sides  constructed  of 
glass.*    A  coal  calorigen  is  also  made  which  seems  to  answer  well. 

A  plan  which  was  proposed  130  years  ago  by  Desaguliers  is  now  coming 
into  general  use,  viz.,  to  have  an  air  chamber  round  the  back  and  sides  of  a 
radiating  grate,  and  to  X)as8  the  external  air  through  it  into  the  room.  Thus 
a  great  economy  of  heat,  and  a  considerable  quantity  of  gently-warmed  air, 
passes  into  the  room.     In  Captain  Galton's  grate,  and  in  the  plan  proposed  by 

— -—  _-'  -■■  .  ■■■■  — I ~~^Tr 

•  Sanitaty  Anaqgementt  Ibr  DveUtacB,  1S74,  p.  l^a 
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Mr  Chadwick  for  cottages,  the  lower  part  of  the  chimney  is  also  made  use  ot 
The  advantages  of  these  grates  are  that  they  combine  a  good  amount  of  cheer- 
ful open  fire,  radiant  heat^  and  chimney  ventilation,  with  supplementary  warm^ 
ing  by  hot  air,  so  that  more  value  is  obtained  from  the  fuel,  and  larger  spaces 
can  be  more  effectually  wanned.  A  great  number  of  patents  have  been  taken 
out  for  grates  of  this  kind.  The  air-chamber  should  not  be  too  small,  or  the 
air  is  unduly  heated  ;  the  heated  surface  should  be  very  large ;  fire-clay  some- 
times gives  a  peculiar  odour  to  the  air,  which  iron  does  not  do  if  the  surface 
of  iron  be  very  laige  and  disposed  in  gUU ;  a  combination  also  of  iron  and  fire- 
clay is  said  to  be  good,  and  to  give  no  odour.  The  conduit  leading  to  the  air- 
chamber  should  be  short,  and  both  it  and  the  chamber  should  be  able  to  be 
opened  and  cleaned,  as  much  dust  gets  in.  The  room  opening  of  the  air- 
chamber  should  be  so  far  up  that  the  hot  air  may  not  be  at  once  breathed, 
and  there  should  be  no  chance  of  its  being  at  once  drawn  up  the  chimney. 
The  action  of  all  stoves  of  the  kind  is  liable  to  considerable  variation  from  the 
action  of  the  wind ;  and  sometimes  the  current  is  even  reversed,  and  hot  air  is 
driven  out. 

Attention  has  been  lately  directed  both  in  France  and  America  to  the  fact 
of  the  comparative  ease  with  which  gases  pass  through  red  hot  cast-iron.  Mr 
Graham  has  shown  that  iron  heated  to  redness  will  absorb  4*15  times  its 
volume  of  carbonic  oxide,  €md  the  experiments  by  MM.  Deville  and  Troost, 
made  at  the  request  of  Greneral  Morin,  prove  that  in  a  cast-iron  stove  heated 
with  common  coal  there  passed  through  the  metal  in  92  hours  589  C.C.  of  car- 
bonic oxide,*  or  from  <)141  to  '132  per  cent  of  the  air  which  was  slowly 
passed  over  the  hot  surface.  In  America,  Dr  Derbyf  has  directed  particub^ 
attention  to  this  point,  and  has  adduced  very  strong  reasons  for  believing  that 
the  decidedly  ii^jurious  effects  produced  by  some  of  the  plans  of  warming 
houses,  especially  by  air  passing  over  a  cast-iron  furnace  heated  with  anthracite, 
is  due  to  an  a<bnixture  of  carbonic  oxid&  Professor  Coulier  of  the  Yal  de 
Grftce,^  has  contended  that  the  amount  of  carbonic  oxide  passing  through  in 
the  experiments  of  Deville  and  Troost  is  really  so  small,  that  if  mixed  with 
the  air  of  a  room  which  is  fairly  ventilated,  it  would  be  quite  innocuous  ;  and 
he  believes  (from  direct  experiment)  that  the  headache  and  oppressive  feeling 
produced  by  these  iron  stoves  are  really  owing,  as  was  formerly  believed,  to 
the  relative  dryness  of  the  air.  But  evidence  is  adverse  to  this  now.  The 
gas  passes  with  much  greater  difficulty  through  wrought-iron,  or  through  stoves 
lined  with  fire-clay.§ 

A  great  number  of  grates  and  stoves  have  been  proposed,  which  it  is 
impossible  here  to  notice.  In  Germany  many  excellent  stoves  are  now  used, 
which  not  only  economise  fuel,  but  warm  the  outside  air,  which  is  admitted 
round  or  under  them.||  The  medical  officer's  advice  will  be  sought,  firsts  as 
to  the  kind ;  and  second,  as  to  the  amount  of  heat  He  will  find  no  difficulty 
in  coming  to  the  conclusion  that  in  most  cases  both  methods  (radiation  and 
convection)  should  be  employed  ;  the  air  warmed  by  plates  or  coils  of  water 
pipes  being  taken  fresh  from  the  external  air  and  thereby  conducing  to  venti- 
lation. He  will  be  also  called  on  to  state  the  relative  amount  of  radiant  and 
convected  heat,  and  to  determine  the  heat  of  the  plates,  and  of  the  air  coming 

*  ComptM  Rendus  de  I'Acad.  Jan.  1868.  These  ezperiments  were  first  undertaken  in  con- 
sequence of  a  statement  by  Dr  Garret,  that  in  the  department  of  Haute-Savoie  an  epidemic 
occurred  which  affected  persons  only  in  the  houses  where  iron  stOTcs  were,  and  not  porcelain. 

f  Anthracite  and  Health,  by  Q.  Derby,  M.D.,  Professor  of  Hygiene  in  Hurard  University. 

X  Mem.  de  Med.  MU.  Sept  1868,  p.  250. 

I  Dr  Bond  has  recommended  a  coating  of  silicate  as  a  preventiYe  against  the  passage  of 
dueteriotts  products  through  an  iron  stove. 

II  See  a  good  account  in  Both  and  Lex's  work(0p.  cU,  p.  865.) 
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off  them,  and  the  degree  of  humidity  of  the  air.  The  thermometer,  and  the 
dry  and  wet  holbs,  will  give  him  all  the  information  he  wants  on  these 
pointa* 

*  Mr  Chadwick  has  lately  called  attention  to  the  old  Roman  plan  of  the  Hypocaost,  where 
the  floor  of  the  room  is  wanned  by  pipes,  or  by  carrying  smoke-flaes  under  it,  and  he  has  con- 
trived some  ingenious  plans  to  carry  out  the  idea.  There  can  be  no  doubt  of  the  great  comfort 
of  this  plan,  although  it  appears  to  be  expensive.  Attention  has  been  called,  of  late  years,  to 
heating  on  the  whole  house  system,  and  there  can  be  no  doubt  that  this  is  an  excellent  plan,  if 
properly  carried  out  and  carefully  supervised.  Drs  Prysdale  and  Hay  ward  in  this  country 
(Health  and  Comfort  in  House  Building,  London,  1872),  and  Dr  Griscom  of  New  York, 
have  devised  inffenious  plans  for  the  purpose.  In  older  countries,  such  as  Russia,  the  plan  is 
in  general  use,  but  apparently  with  Uttl9  or  no  regjird  to  proper  supply  of  fresh  air,  or  carrying 
away  of  foul  air. 


CHAPTER   XII. 
EXERCISE. 

A  PERFECT  state  of  health  implies  that  every  organ  has  its  due  shaie  of  exer? 
cise.  If  this  is  deficient,  nutrition  suffers,  the  organ  lessens  in  size,  and  even- 
tually more  or  less  degenerates.  If  it  he  excessive,  nutrition,  at  first 
apparently  vigorous,  hecomes  at  last  ahnormal,  and,  in  many  cases,  a  degenera- 
tion occurs  which  is  as  complete  as  that  which  follows  the  disuse  of  an  organ. 
Every  organ  has  its  special  stimulus  which  excites  its  action,  and  if  this 
stimulus  is  perfectly  normal  as  to  quality  and  quantity,  perfect  health  is 
necessarily  the  result 

£ut  the  term  exercise  is  usually  employed  in  a  narrower  sense,  and  ex- 
presses merely  the  action  of  the  voluntary  muscles.  This  action,  though  not 
ahsolutely  essential  to  the  exercise  of  other  organs,  is  yet  highly  important^ 
and  indeed,  in  the  long  run,  is  really  necessary  ;  the  heart  especially 
is  evidently  affected  by  the  action  of  the  voluntary  muscles,  and  this  may  be 
said  of  all  organs,  with  the  exception  perhaps  of  the  brain.  Kot  only  the  cir- 
culation of  the  blood,  but  its  formation  and  its  destruction,  are  profoundly  in- 
fluenced by  the  movement  of  the  voluntary  muscles.  Without  this  muscular 
movement  health  must  inevitably  be  lost,  and  it  becomes  therefore  important 
to  determine  the  effects  of  exercise,  and  the  amount  which  should 
be  taken. 

SECTION  L 
THE  EFFECTS  OF  EXERCISE. 

(a)  On  the  Lungs — Elimination  of  Carbon. — The  most  important  effect  of 
muscular  exercise  is  produced  on  the  lungs.  The  pulmonary  circulation  is 
greatly  hurried,  and  the  quantity  of  air  inspired,  and  of  carbonic  acid  expired, 
is  marvellously  increased.  Dr  Edward  Smith  has  carefully  investigated  the 
first  point)  and  the  following  table  shows  his  main  results.  Taking  the  lying 
position  as  unity,  the  quantity  of  air  inspired  was  found  to  be  as  f oUows : — 


Lying  position,     . 

1 

Walking  and  carrying  63  fb,  3*84 

Sitting, 

M8 

„                     „      118  ft,  4-75 

Standing,     . 

1-33 

„       4  miles  per  hour,       5 

Singing, 

1-26 

j>       6            „                  7 

Walking  1  mile  per  hour, 

1-9 

Biding  and  trotting,      .         4*05 

»         2           „ 

2'76 

Swimming,  .         .         .         4*33 

»         3           „ 

3-23 

Treadmill,    .         .         .         5'5 

„         and  carrying  34  lb,  3*5 

The  great  increase  of  air  inspired  is  more  clearly  seen  when  it  is  put  in 
this  way :  under  ordinary  circumstances  a  man  draws  in  480  cubic  inches  per 
minute ;  if  he  walks  four  miles  an  hour  he  draws  in  (480  x  5  »  )  2400  cubic 
inches  ;  if  6  miles  an  hour  (480  x  7  =  )  3260  cubic  inches.  Simultaneously, 
the  amount  of  carbonic  acid  in  the  expired  air  is  increased  (Scharling  and 
many  others). 
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The  most  reliable  obseirations  in  this  direction  are  those  made  by  E.  Smithy 
Him,*  Speck,  t  and  Pettenkofer  and  VoitJ  As  there  is  no  doubt  that  the 
peculiar  means  of  investigation  render  the  experiments  of  the  last-named 
authors  as  accurate  as  possible  in  the  present  state  of  science,  1  give  them 
briefly  in  the  following  table.§ 

Absorption  and  Elimination  in  Best  and  Exercise, 


Rest-day, 

Work-day, 

Excess  on  work-day  (with  ezception 
of  urea), 


Absorption 

of  Oxygen  in 

Oramm«8. 


708-9 
954-5 


246-6 


Eliminstion  In  Grammes  o^— 


Carbonic 
Acid. 


911-5 
1284-2 


872-7 


Water. 


828-0 
2042-1 


1214-1 


Urea. 


87-2 
57 


-0-2 


In  other  words,  during  the  work-day,  3804  grains  or  8*69  ounces  of  oxygen 
were  absorbed  in  excess  of  the  rest^ay,  and  5750  grains  or  13  ounces  in 
excess  of  carbonic  acid  were  evolved.  Expressing  this  as  carbon,  an  excess  of 
1568  grains  or  3*58  ounces  were  eliminated  in  the  work-day.  There  was  an 
excess  of  oxidation  of  carbon  equal  to  34 '6  per  cent.,  and  it  must  be 
remembered  that  the  so-called  "  work-day "  included  a  period  of  rest ;  the 
work  was  done  only  during  working  hours,  and  was  not  excessiva 

It  will  be  observed  from  these  experiments  that  a  large  amount  of  water 
was  eliminated  during  exercise,  while  the  urea  was  slightly  lessened. 

It  seems  certain  that  the  great  formation  of  carbonic  acid  takes  place  in 
the  muscles  ;||  it  is  rapidly  carried  off  from  them,  and  if  it  is  not  so,  it  would 
seem  highly  probable  that  their  strong  action  becomes  impossible.  At  any 
rate,  if  the  pulmonary  circulation  and  the  elimination  of  carbonic  acid  are  in 
any  way  impeded,  the  power  of  continuing  the  exertion  rapidly  lessens.  The 
watery  vapour  exhaled  from  the  lungs  is  also  largely  increased  during 
exertion. 

Muscular  exercise  is  then  clearly  necessary  for  a  sufficient  elimination  of 
cctrbon  from  the  body,  and  it  is  plain  that,  in  a  state  of  prolonged  rest^  either 
the  carboniferous  food  must  be  lessened  or  carbon  will  accumulate. 

Excessive  and  badly  arranged  exertion  may  lead  to  conjestion  of  the  lungs 
and  even  haemoptysis.  Deficient  exercise,  on  the  other  hand,  is  one  of  the 
causes  which  produce  those  nutritional  alterations  in  the  lung  which  we  class 
as  tuberculous. 

Certain  rules  flow  from  these  facts.  During  exercise  the  action  of  the 
lungs  must  be  perfectly  free ;  not  the  least  impediment  must  be  offered  to  the 
freest  play  of  the  chest  and  the  action  of  the  respiratory  muscles.  The  dress 
and  accoutrements  of  the  soldier  should  be  planned  in  reference  to  this  fact, 
as  there  is  no  man  who  is  called  on  to  make,  at  certain  times,  greater 
exertion.     And  yet^  till  a  very  recent  date,  the  modem  armies  of  Europe  were 

♦  Ludwig'8  PhT8.  2d  edit  band  i.  p.  743. 

+  Archiv  des  Vereins  ftir  wiss.  Heuk.  band  vi.  pp.  285  and  289. 

±  Zeitsch.  fur  Biologie,  bands  ii.  and  iii.,  and  Kanke's  Phys.  des  Menschen,  p.  551. 

I  The  numbers  ffiyen  bv  Him  and  Speck  are  very  accoitknt ;  they  will  be  found  quoted  in 
the  2d  edition  of  this  work,  if  it  is  wished  to  refer  to  them. 

(I  See  the  observations  of  Valentin  and  others,  and  especially  the  experiments  of  Sczelkow 
(Henle's  Zeitachrift,  18^,  band  zvii.  p.  106|.  The  amount  of  CO)  passinar  off  from  contracting 
muscles  was  indeed  so  great,  and  so  much  in  excess  of  the  0  passing  to  tnem,  that  it  was  con- 
jectured that  carbonic  acid  must  have  been  formed  during  contraction  from  substances  rich  in 
oxygen  (such  as  formic  add),  or  that  oxygen  must  have  been  obtained  otherwise  than  from 
Jni^iration. 
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dressed  and  accoutred  in  a  fashion  which  took  from  the  soldier,  in  a  great 
degree,  that  power  of  exertion  for  which,  and  for  which  alone,  he  is  selected 
and  trained. 

The  action  of  the  lungs  should  he  watched  when  men  are  heing  trained  for 
exertion  ;  as  soon  as  the  respirations  hecome  lahorious,  and  especially  if  there 
he  sighing,  the  lungs  are  hecoming  too  congested,  and  rest  is  necessary. 

A  second  point  is,  that  the  great  increase  of  carhon  excreted  demands  an 
increase  of  carhon  to  he  given  in  the  food.  There  seems  a  general  accordance, 
among  physiologists,  that  this  is  hest  given  in  the  form  of  fat,  and  not  of 
starch,  and  this  is  confirmed  hy  the  instinctive  appetite  of  a  man  taking 
exertion,  and  not  restrained  in  the  choice  of  food. 

A  third  rule  is,  that  as  spirits  lessen  the  excretion  of  pulmonary  carhonic 
acid,  they  are  hurtful  during  exercise ;  and  it  is  perhaps  for  this  reason,  as 
well  as  from  their  deadening  action  on  the  nerves  of  volition,  that  those  who 
take  spirits  are  incapahle  of  great  exertion.  This  is  now  well  understood  hy 
trainers,  who  allow  no  spirits,  and  hut  little  wine  or  heer.  It  is  a  curious 
fact,  stated  hy  Artmann,  that  if  men  undergoing  exertion  take  spirits,  they 
take  less  fat  Possibly  in  reality  they  lessen  the  amount  of  exertion,  and 
therefore  require  less  fat     Water  alone  is  the  best  fluid  to  train  on. 

A  fourth  rule  is,  that  as  the  excretion  of  carbonic  acid  (and  perhaps  of 
pulmonary  organic  matter)  is  so  much  increased,  a  much  larger  amount  of 
pure  air  is  necessary ;  and  in  every  covered  building  (as  gymnasia,  riding- 
schools,  &c.)  where  exercise  is  taken,  the  ventilation  must  be  carried  to  th^ 
greatest  possible  extent,  so  soon  does  the  air  become  vitiated. 

(b)  On  the  Heart  and  Vessels. — ^The  action  of  the  heart  rapidly  increases 
in  force  and  frequency,  and  the  flow  of  blood  through  all  parts  of  the  body, 
including  the  heart  itself,  is  augmented.  The  amount  of  increase  is  usually 
from  ten  to  thirty  beats,  but  occasionally  much  more.  After  exercise,  the 
heart's  action  f alliB  below  its  normal^  amount ;  and  if  the  exercise  has  been 
exceedingly  prolonged  and  severe,  may  fall  as  low  as  fifty  or  forty  per  minute, 
and  become  intermittent  During  exertion,  when  the  heart  is  not  oppressed, 
its  beats,  though  rapid  and  forcible,  are  regular  and  equable ;  but  when  it 
becomes  embarrassed,  the  pulse  becomes  very  quick,  small,  and  then  unequa], 
and  even  at  last  irregular.  When  men  have  gone  through  a  good  deal  of 
exertion,  and  then  are  caUed  upon  to  make  a  sudden  effort,  I  have  known  the 
pulse  become  very  small  and  quick  (160-170),  but  still  retain  its  equability. 
There  seems  no  harm  in  this,  but  such  exertion  cannot  be  long  continued. 
'  The  ascension  of  heights  greatly  tries  a  fatigued  heart  The  accommodation 
of  the  heart  to  great  exertion  is  probably  connected  with  the  easy  flow  of 
blood  through  its  own  structure. 

Excessive  exercise  leads  to  affection  of  the  heart ;  rupture  (in  some  few 
cases),  palpitation,  hypertrophy  in  a  good  many  cases,  and  more  rarely  valvular 
disease.  These  may  be  avoided  by  careful  training,  and  a  due  proportion  of 
rest  Injuries  to  vessels  may  also  result  from  too  sudden  or  prolonged  exo^ 
tion.  The  sphygmographic  observations  of  Dr  Fraser*  on  the  pulses  of  men 
after  rowing,  show  how  much  the  pressure  is  increased. 

Deficient  exercise  leads  to  weakening  of  the  heart's  action,  and  probably  to 
dilatation  and  fatty  degeneration. 

In  commencing  an  unaccustomed  exercise,  the  heart  must  be  closely 
watched ;  excessive  rapidity  (120-140),  inequality,  and  then  irregularity,  will 
point  out  that  rest,  and  then  more  gradual  exercise,  is  necessary,  in  order  that 
the  heart  may  be  accustomed  to  the  work. 

*  Journal  of  Physiology,  Not.  1868. 
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(c)  On  the  8Icin.—The  skin  becomes  red  from  turgescence  of  the  vessela, 
and  peispiiation  is  increased  ;  water,  chloride  of  sodium,  and  acids  (probably 
in  part  fatty),  pass  off  in  great  abundance.  It  was  formerly  supposed  that 
urea  also  passed  off  in  this  way,  but  this  is  not  the  case.  "No  gaseous  nitrogen 
is  given  off  in  healthy  men  from  the  skin. 

The  amount  of  fluid  passing  off  is  not  certain,  but  is  very  great.  Speck's 
experiments  show  that  it  is  at  least  doubled  under  ordinary  conditions. 
Pettenkofer  and  Yoit's  experiments  show  even  a  larger  increase.  The  usual 
ratio  of  the  urine  to  the  lung  and  skin  excreta  is  reversed.  Instead  of  being 
1  to  0*5  or  0*8,  it  becomes  1  to  1*7  or  2,  or  even  2*5.  This  evaporation  re- 
duces and  regulates  the  heat  of  the  body,  which  would  otherwise  soon  become 
excessive  ;  so  that,  as  long  ago  pointed  out  by  Dr  John  Davy,  the  body  tem- 
perature rises  little  above  the  ordinary  temperature.  No  amount  of  external 
cold  seems  to  be  able  to  hinder  the  passage  of  fluid,  though  it  may  partly 
check  the  rapidity  of  evaporation.  If  anything  check  evaporation,  the  body- 
heat  increases,  and  soon  languor  comes  on  and  exertion  becomes  difficult 

During  exertion  there  is  little  danger  of  chill  under  almost  any  circum* 
stances ;  but  when  exertion  is  over,  there  is  then  great  danger,  because  the 
heat  of  the  body  rapidly  declines,  and  falls  below  the  natural  amount^  and  yet 
evaporation  from  the  skin,  which  still  more  reduces  the  heat,  continues. 

The  rules  to  be  drawn  from  these  facts  are — that  the  skin  should  be  kept 
extremely  clean  ;  during  the  period  of  exertion  it  may  be  thinly  clothed,  but 
immediately  afterwards,  or  in  the  intervals  of  exertion,  it  should  be  covered 
sufficiently  well  to  prevent  the  least  feeling  of  coolness  of  the  surface. 
Flannel  is  best  for  this  purpose. 

(d)  On  the  Voluntary  Mvsdes, — The  muscles  grow,  become  harder,  and 
respond  more  readily  to  volition.  Their  growth,  however,  has  a  limit ;  and 
a  single  muscle,  or  group  of  muscles,  if  exercised  to  too  great  an  extent,  will, 
after  growing  to  a  great  size,  commence  to  waste.  But  this  seems  not  to  be 
the  case  when  all  the  muscles  of  the  body  are  exercised,  probably  because  no 
muscle  can  then  be  over-exercised.  It  seems  to  be  a  fact,  however,  that  pro- 
longed exertion,  without  sufficient  rest,  damages  to  a  certain  extent  the  nutri- 
tion of  the  muscles,  and  they  become  soft 

The  rules  to  be  drawn  from  these  facts  are,  that  all  muscles,  and  not  single 
groups,  should  be  brought  into  play,  and  that  periods  of  exercise  must  be 
alternated,  especially  in  early  training,  with  long  intervals  of  rest 

(e)  On  the  Nervou8  System. — The  effect  of  exercise  on  the  mind  is  not  clear. 
It  has  been  supposed  that  intellect  is  less  active  in  men  who  take  excessive 
exercise,  owing  to  the  greater  expenditure  of  nervous  force  in  that  direction. 
But  there  is  no  doubt  that  great  bodily  is  quite  consistent  with  extreme  mental 
activity  ;  and,  indeed,  considering  that  perfect  nutrition  is  not  possible  except 
with  bodily  activity,  we  should  infer  that  sufficient  exercise  woidd  be  necessary 
for  the  perfect  performance  of  mental  work.  Doubtless,  exercise  may  be 
pushed  to  such  an  extreme  as  to  leave  no  time  for  mental  cultivation ;  and 
this  is  perhaps  the  explanation  of  the  proverbial  stupidity  of  the  athletse. 
Deficient  exercise  causes  a  heightened  sensitiveness  of  the  nervous  system,  a 
sort  of  morbid  excitability,  and  a  greater  susceptibility  to  the  action  of 
external  agencies. 

(/)  On  the  Digestive  System, — The  appetite  largely  increases  with  exercise, 
especially  for  meat  and  f at^  but  in  a  less  degree,  it  would  appear,  for  the 
carbohydrates.  Digestion  is  more  ^  perfect^  and  absorption  is  more  rapid. 
The  circulation  through  the  liver  increases,  and  the  abdominal  circulation  is 
carried  on  with  more  vigour.  Food  must  be  increased,  especially  nitrogenous 
substances,  fats,  and  salts,  and  of  these  especiedly  the  phosphates  and  the 
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chlorides.*  The  effects  of  exercise  on  digestion  are  greatly  increased  if  it  he 
taken  in  the  free  air,  and  it  is  then  a  most  valuable  remedy  for  some  forms 
of  dyspepsia.  (James  Blake,  Pacific  Medical  and  Surgical  Journal,  1860.) 
Conversely,  deficient  exercise  lessens  both  appetite  and  digestive  power. 

{g)  On  the  Generative  Organs, — It  has  been  supposed  that  puberty  is 
delayed  by  physical  exertion,  hut  perhaps  the  other  circumstances  have  not 
been  allowed  full  weight.  Yet,  it  would  appear  that  very  strong  exercise 
lessens  sexual  desire,  possibly  because  nervous  enei^y  is  turned  in  a  special 
direction. 

(A)  On  the  Kidneys, — ^The  water  of  the  urine  and  the  chloride  of  sodium 
often  lessen  in  consequence  of  the  increased  passage  from  the  skin.  The 
urea  is  not  much  changed  (see  after).  The  uric  acid  increases  after  great 
exertion;  so  also  apparently  the  pigment;  the  phosphoric  acid  is  not 
augmented  ;t  the  sulphuric  acid  i3  moderately  increased ;  the  free  carbonic 
acid  of  the  urine  is  increased ;  the  chlorides  are  lessened  on  account  of  the 
outflow  by  the  skin ;  the  exact  amount  of  the  bases  has  not  been  determined, 
but  a  greater  excess  of  soda  and  potash  is  eliminated  than  of  lime  or 
magnesia;  nothing  certain  is  known  as  to  hippuric  acid,  sugar,  or  other 
substances.^ 

(^)  On  the  Bowels, — The  effect  of  exercise  is  to  lessen  the  amount,  partly, 
probably  from  lessened  passage  of  water  into  the  intestines.  The  nitrogen 
does  not  appear  to  be  much  altered. § 

{k)  On  the  Elimination  of  Nitrogen, — ^A  great  number  of  experiments  have 
been  made  in  the  amount  of  nitrogen  passing  off  by  the  kidneys  during 
exercise.  II  The  amount  of  urea  has  been  usually  determined,  and  the 
nitrogen  has  been  calculated  from  this ;  Meissner  has  determined  the  amount 
of  the  creatin,  and  the  creatinine  ;1I  while  Fick,  and  Wislicenus  have  compared 
the  total  nitrogen  (by  soda  lime  in  the  manner  of  Yoit)  as  well  as  the  ureal 
nitrogen,  and  I  have  repeated  their  experiments.**  The  experiments  have 
been  usually  carried  on  by  determining  the  nitrogenous  excretion  in  twenty- 
four  hours  with  and  without  exercise ;  but  in  some,  the  period  during  which 

*  It  is  yet  uncertain  what  kind  of  diet  should  be  allowed  during  long  marches  in  the  tropica. 
Dr  Eirk  has  inforraed  me  that  in  South  Africa  (lO**  to  17**  S.L.),  daring  Dr  Livingstone's  second 
expedition,  a  large  quantity  (21b)  of  animal  food  was  found  to  be  essential ;  this  was  preferred, 
though  any  quantity  of  millets  and  legnminose  could  have  been  procured.  Fat  was  taken  in 
large  quantities.  It  was  found,  also,  that  boiled  was  better  than  roast  meat,  because  the  men 
could  eat  more  of  it  No  bad  effect  whatever  was  traceable  to  the  use  of  this  great  amount  of 
meat,  even  in  the  intensest  heat. 

i*  T  believe  I  can  be  certain  of  this  from  my  own  experiments. 

X  In  the  careful  observations  made  by  Dr  Pavy  on  Weston  the  pedestrian  (Lancet,  Dec  1876), 
the  following  changes  were  found ;  taking  the  amount  excreted  during  rest  as  1 : — 
Constlraents.                                            Rett.  Walkinr. 

Urea 1 1-748 


Uric  acid     . 
Chlorine 
Sulphuric  acid 
Phosphoric  acid 
Soda    . 
Potash 
Lime   . 
Magnesia 


1 1-287 

1 -478 

1 1-620 

1 1-985 

1 -822 

1 1-424 

1  .....  1-659 

.  JL  .  .  .  •  .  v04r 

All  the  constituents  thus  appear  to  be  increased,  except  the  chlorine  and  the  soda,  which  an 
notably  diminished,  especially  the  chlorine  ;  the  magnesia  is  also  diminished,  but  in  a  much 
Isas  degree.    In  these  experiments,  however,  the  diet  was  not  uniform. 

§  Proceedings  of  Royal  Society,  No.  94,  1867.  p.  52. 

II  For  a  statment  of  these  experiments  up  to  1860,  I  mKj  refer  to  my  work  On  the  Com- 
position of  the  Urine,  1860,  p.  85.  Since  this  time  the  chief  experiments  have  been  by  VoiXy 
Pettenkofer,  J.  Ranke,  £.  Simth^  Haughton,  Fick  and  Wislioenua,  Byasaon,  Noyea,  Meissner, 
Pavy,  and  others. 

^  Henle's  Zeitschrift  fUr  rat.  Med.  band  xxxii.  p.  288. 

**  Proceedings  of  the  JEtoyal  Med.  Society,  No.  89  (1867),  and  No.  94  (1867), 


EFFECTS  OF  EXERCISE.  415 

work  was  aofcnally  performed  was  compared  wifh-  preyious  and  subsequent 
equal  rest  periods.  Some  experiments  were  performed  on  men  who  took  no 
nitrogen  as  food ;  others  were  on  men  on  a  constant  diet,  so  that  the  variation 
produced  hy  the  altering  ingress  of  nitrogen  was  avoided  as  far  as  possible. 

In  this  place  it  is  impossible  to  give  an  account  of  these  long  researches, 
and  I  must  venture  on  a  short  summary.  (1.)  When  a  period  of  exercise  is 
compared  after  "an  interval  with  one  of  rest  (the  diet  being  without  nitrogen 
or  with  uniform  nitrogen),  the  elimination  of  nitrogen  by  the  kidneys  is 
decidedly  not  increased  in  the  exercise  period.  The  experiments  on  this 
point  are  now  so  numerous  that  it  may  be  stated  without  doubt  It  is 
possible  that  the  elimination  may  even  be  less  during  the  exercise  than  during 
the  work  period.  This  would  appear  in  part  from  some  of  Eanke's  and  Fick 
and  Wislicenus'  experiments ;  from  Noyes,  as  far  as  regards  the  urea ;  and 
from  Meissner's,  as  far  as  the  creatin  (or  creatinine)  is  concerned ;  while  I 
found  a  decrease  both  in  the  total  nitrogen  and  in  the  urea.  The  decrease  in 
my  experiments  was  not  inconsiderable.  Additional  observations  are,  how* 
ever,  much  wanted  on  this  point 

(2.)  When  a  day  of  rest  is  compared  with  a  day  of  work  (i.6.,  a  day  with 
some  hours  of  work  and  some  hours  of  rest),  the  amount  of  nitrogen  is  almost 
or  quite  the  same  on  the  two  days  ;  if  anything  there  is  a  slight  increase  in 
the  nitrog^i  on  the  rest  day.  In  a  day  of  part  exercise  and  part  rest, 
it  is  quite  possible  that  there  may  be  compensatory  action,  one  part  balancing 
the  other,  so  as  to  leave  the  total  excretion  little  changed. 

(3.)  Wlien  a  period  of  great  exercise  is  immediately  followed  by  an  equal 
period  of  rest,  the  nitrogenous  elimination  ii  increased  in  the  latter. 
Meissner^s  observations  show  that  this  is  in  part  owing  to  increased  discharge 
of  creatin  and  creatinine  ;  my  observations  alao  show  an  increase  of  non-ureal 
nitrogen.     But  the  urea  is  also  slightly  increased  in  this  period. 

(4.)  When  two  days  of  complete  rest  are  immediately  followed  by  days  of 
common  exercise,  the  nitrogenous  elimination  diminishes  during  the  first  day 
of  exercise.* 

On  the  whole,  if  I  have  stated  the  facts  correctly,  the  effect  of  exercise  is 
certainly  to  influence  the  elimination  of  nitrogen  by  the  kidneys,  but  within 
narrow  limits,  and  the  time  of  increase  is  in  the  period  of  rest  succeeding  the 
exercise  ;  while  during  the  exercise  period  the  evidence,  though  not  certain, 
points  rather  to  a  lessening  of  the  elimination  of  nitrogen. 

It  would  appear  from  these  facts  that  well-fed  persons  taking  exercise  would 
require  a  little  more  nitrogen  in  the  food,  and  it  is  certain,  as  a  matter  of  ex- 
perience, that  persons  undergoing  laborious  work  do  take  more  nitrogenous 
food.  This  is  the  case  also  with  animals.  The  possible  reason  of  this  will 
appear  presently, 

(Z)  On  the  Temperature  of  the  Body. — As  already  stated,  the  temperature 
of  the  body,  as  long  as  the  skin  acts,  rises  little.  Dr  Clifford-Allbutt,!  from 
observations  made  on  himself  when  climbing  the  Alps,}  found  his  temperature 
fairly  uniform  ;  the  most  usual  effect  was  a  slight  rise,  compensated  by  an 

*  This  fact  at  presents  rests  only  upon  my  observations  ;  it  has  an  important  bearing  on  the 
interpretation  of  the  facts  connected  with  the  elimination  of  nitrogen,  and  I  hope  observations 
by  otners  will  soon  confirm  or  disprove  it. 

f  Alpine  Journal,  May  1871. 

X  In  the  experiments  made  by  Dr  Calberla  *  and  his  two  ^ides,  during  their  ascents  of 
Monte  Rosa  and  the  Matterhorn,  in  August  1874,  no  depressions  were  found  as  have  been 
recorded  by  other  observers.  In  none  of  the  three  persons  did  the  temperature  ever  fall  below 
Sff*  4C  (-97-6  P.),  or  rise  above  37-8  C.  (-IW  F.)  Dr  Thomas  of  Leipsic,  in  ascents  in 
Savoy  and  Dauphin^  (3,500  and  3,750  metres)  could  also  find  no  lowering  of  temperature. 

t  Archly  der  Heilkonde,  1876,  p.  276. 


416  EXEBCISE. 

earlier  setting  in  of  the  evening  f  alL  On  two  occasions  he  noticed  two  curioug 
depressions,  amounting  to  no  less  than  4° '5  Fahr. ;  he  believes  these  were  due 
to  want  of  food,  and  not  to  exercise  ;peT  ae.  In  experiments  on  soldiers  when 
marching,  I  have  found  no  difference  in  temperature ;  or  if  there  was  a  very 
slight  rise,  it  was  subsequently  compensated  for  by  an  equal  fall,  so  that  the 
mean  daily  temperature  remained  the  sama*  A  decided  rise  in  temperatoie 
during  marching  would  then  show  lessening  of  skin  evaporation,  and  may 
possibly  be  an  important  indication  of  impending  sunstroke. 

Changes  in  the  Muscles, — The  discussion  on  this  head  involves  so  many 
obscure  physiological  points,  that  it  would  be  out  of  place  to  pursue  it  here  to 
any  length.  The  chief  changes  during  action  appear  to  be  these  : — ^There  is 
a  considerable  increase  in  temperature  (Helmholtz)  which,  up  to  a  certain 
point)  is  proportioned  to  the  amount  of  work.  It  is  also  proportioned  to  the 
kind,  being  less  when  the  muscle  is  allowed  to  shorten  than  if  prevented  from 
shortening  (Heidenhain)  ;  the  neutral  or  alkaline  reaction  of  the  tranquil 
muscle  becomes  acid  from  para-lactic  acid  and  acid  potassium  phosphate ;  the 
venous  blood  passing  from  the  muscles  becomes  much  darker  in  colour,  is 
much  less  rich  in  oxygen,  and  contains  much  more  carbonic  acid  (Sczelkow)  ; 
the  extractive  matters  soluble  in  water  lessen,  those  soluble  in  alcohol  increase 
(Hebnholtz,  in  frogs)  ;  the  amount  of  water  increases  (in  tetanus,  J.  Banke), 
and  the  blood  is  consequently  poorer  in  water  ;  the  amount  of  albumen  in 
tetanus  is  less  according  to  Eanke,  but  Kiihne  has  pointed  out  that  the  num- 
bers do  not  justify  this  inference,  f  Baron  J.  von  Liebig  stated  that  the 
creatin  is  increased  (but  this  was  an  inference  from  old  observations  on  the  ex- 
tractum  camis  of  hunted  animals,  and  requires  confirmation).  Sarokin  has 
stated  the  same  fact  in  respect  of  the  frog.  The  electro-motor  currents  show 
a  decided  diminution  during  contraction. 

That  great  molecular  changes  go  on  in  the  contracting  muscles  is  certain, 
but  their  exact  nature  is  not  clear  ;  according  to  Ludimar  Hermann,  |  there  is 
a  jelly-like  separation  and  coagulation  of  the  myosin,  and  then  a  resumption 
of  its  prior  form,  so  that  there  is  a  continual  splitting  of  the  muscular  struc- 
ture into  a  myosin  coagulum,  carbonic  acid,  and  a  free  acid,  and  this  constitutes 
the  main  molecular  movement    But  no  direct  evidence  has  been  given  of  thi& 

The  increased  heat^  the  great  amount  of  carbonic  acid,  and  the  disappearance 
of  oxygen,  combined  with  the  respiratory  phenomena  already  noted,  all  seem 
to  show  that  an  active  oxidation  goes  on,  and  it  is  very  probable  that  this  is 
the  source  of  the  muscular  action.  The  oxidation  may  be  conceived  to  take 
place  in  two  ways — either  during  rest  oxygen  is  absorbed  and  stored  up  in 
the  muscles  and  gradually  acts  there,  producing  a  substance  which,  when  the 
muscle  contracts,  splits  up  into  lactic  acid,  carbonic  acid,  &&  ;  or,  on  the  other 
hand,  during  the  contraction  an  increased  absorption  of  oxygen  goes  on  in  the 
blood  and  acts  upon  the  muscles,  or  on  the  substances  in  the  blood  circulating 
through  the  mu8cles.§  The  first  view  is  strengthened  by  some  of  Pettenkofer 
and  Voit's  experiments,  which  show  that  during  rest  a  certain  amount  of 
storage  of  oxygen  goes  on,  which  no  doubt  in  part  occurs  in  the  muscles  them- 
selves. Indeed,  it  has  been  inferred  that  it  is  this  stored  up  oxygen,  and  not 
that  breathed  in  at  the  time,  which  is  used  in  muscular  action.  The  increased 
oxidation  gives  us  a  reason  why  the  nitrogenous  food  must  be  increased  during 

*  Proceedings  of  Royal  Society,  No.  127  and  No.  136. 

t  Lehrb.  iler  Phys.  Chem.  1868,  pi  828. 

X  Untera.  liber  aen  Stoffwechael  der  Muskeln.  von  Dr  L.  Heimann ;  Weitere  Untenudi. 
zar  phys.  der  Mnskeln,  von  Dr  L.  Hermann,  1867. 

§  Heaton  (Quarterl^r  Journal  of  Science,  1868;  has  given  strong  reasons  for  believing  that 
the  oxidation  goes  on  in  the  blood. 
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« 

periods  of  gieai  ^xedion*  An  increaae  in  the  supply  of  oxygen  is  a  neeessity 
for  increaaed  muscular  action  ;  but  Pettenkofer  and  Volt's  observations  (see 
poge  188)  have  shown  that  the  absorption  of  oxygen  is  dependent  on  the 
amount  and  action  of  the  nitrogenous  structures  of  the  body,  so  that,  as  a  matter 
of  course,  if  more  oxygen  is  required  for  increased  muscular  work,  more  nitro- 
gBnous  food  is  necessary.  But  apart  from  this^  although  experiments  on  the 
amount  of  nitrogenous  elimination  show  no  very  great  change  on  the  whole, 
there  is  no  doubt  that,  with  constant  regular  exercise,  a  muscle  enlarges, 
becomes  thicker,  heavier;  contains  more  solid  matter,  and  in  &ct  has  gained 
in  nitrogen.  This  process  may  be  slow,  but  it  is  certain  ;  and  the  nitrogen 
must  either  be  supplied  by  increased  food,  or  be  taken  from  other  part&* 

80  that  although  we  do  not  know  the  exact  changes  going  on  in  the  muscles, 
it  is,  I  presume,  certain  that  regular  exercise  produces  in  them  an  addition  of 
nitrogenous  tissue. 

Whether  this  addition  occurs,  as  usually  believed,  in  the  period  of  rest  suc- 
ceeding action,  when  in  some  unexplained  way  the  destruction  which  it  is  pre- 
sumed has  taken  place,  is  not  only  repaired,  but  is  exceeded  (a  process 
difficult  to  understand),  or  whether  the  addition  of  nitrogen  is  actually  made 
during  the  action  of  the  muscle,!  must  be  left  undecided  for  the  present 

The  substances  which  are  thus  oxidised  in  the  muscle,  or  in  the  blood  circu- 
lating through  it,  and  from  which  the  energy  manifested,  as  heat  or  muscular 
movement,  is  believed  to  be  derived,  may  probably  be  of  different  kinds. 
Under  ordinary  circumstances  the  experiments  and  calculations  of  Fick  and 
Wialicenus,  and  others,  and  the  arguments  of  Traube,  seem  sufficient  to  show 
that  the  non-nitrogenous  substances,  and  perhaps  especially  the  fate,  furnish 
the  chief  substances  acted  upon.  But  it  is  probable  that  the  nitrogenous  sub- 
stances abo  furnish  a  contingent  of  energy.  {  The  exact  mode  in  which  the 
energy  thus  liberated  by  oxidation  is  made  to  assume  the  form  of  mechanical 
motion  is  quite  obscure. 

TJie  Exhaustion  of  Muscles, 

There  seems  little  doubt  that  the  exhaustion  of  muscles  is  chiefly  owing  to 
two  causes — ^first^  and  principally,  to  the  accumulation  in  them  of  the  products 
of  their  own  action  (especially  para-lactic  acid) ;  and,  secondly,  from  the  ex- 
haustion of  the  supply  of  oxygen.  Hence  rest  is  necessary,  in  order  that  the 
blood  may  neutralise  and  carry  away  the  products  of  action,  so  that  the  muscle 

*  The  way  in  which  a  vigorously  acting  part  wiU  rob  the  body  of  nitrogen,  and  thus,  in  some 
cases  cause  death,  is  seen  in  many  cases  01  disease.  A  rapidly  growing  cancer  of  the  liver,  for 
example,  takes  so  much  nitrogen  as  well  as  fat  that  it  actuaUy  starves  the  rest  of  the  body, 
und  both  voluntaiy  muscles  and  heart  waste.  This  is  the  case,  though  it  is  less  marked,  with 
growing  tumours  of  other  parts,  and  with  great  discharges.  Powerful  muscular  action,  if  the 
food  is  not  increased,  evidently  acts  in  something  the  same  way ;  the  health  is  greatly  affected, 
and  the  heart  especially  fails. 

f  I  have  suggested,  in  a  Paper  in  the  Proceedings  of  the  Roval  Society,  No.  94, 1867,  this 
view,  which  seems  to  me  not  only  in  accordance  witli  the  fkcts  ox  the  nitrogenous  elimination  as 
far  as  known,  but  to  agree  with  Pettenkofer  and  Voit's  experiments  on  the  storing  ap  of  the 
oxygen  and  its  probable  action  during  rest  But  I  do  not  think  it  is  desirable,  until  many 
more  experiments  have  been  made,  to  accept  this  view  in  any  other  light  than  an  hypothesis. 
If  it  be  correct,  it  will  have  important  consequences  on  the  doctrine  of  nutrition,  but  it  would 
be  premature  to  use  it  at  present  to  explain  the  phenomena  of  growth  and  decay. 

X  Pavy  shows,  in  his  observations  on  Weston  and  Perkins,  that  the  excess  of  nitrogen 
eliminated  during  the  walktog  period,  over  the  period  of  rest,  was  equivalent  to  about  d42 
foot-tons  per  man  per  diem.  The  total  average  daily  work  done,  he  states,  at  1264  foot-tons, 
but  this  IS  an  unaer-estimate,  as  the  velocity  was  apparently  greater  than  that  of  average 
Avalking,  the  coefficient  of  which  (^)  he  assumee  as  the  proportion  of  resistance.  N.B.— One 
grain  of  nitrogen  eliminated,  represents  an  amount  of  albuminate  expended,  capable  of  yielding 
about  2'4  foot-tons  of  potential  energy.  Although  some  of  the  excess  of  nitrogen  eliminated 
during  exercise,  as  noted  above,  may  have  been  due  to  disintegration  of  muscle,  part  of  it 
was  due  (undoubtedly)  to  changes  in  other  tissues,  but  a  considerable  amount  is  due  to  direct 
oxidation  of  albominoas  food. 

2d 
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may  recover  its  neutraliiy  and  its  normal  electrical  cnrrents,  and  may  again 
acquire  oxygen  in  sufficient  quantity  for  the  next  contraction.  In  the  case  of 
all  muscles  these  intervaLs  of  action  and  of  exhaustion  take  place,  in  part  even 
in  the  period  which  is  called  exercise,  but  the  rest  is  not  sufficient  entirely  to 
restore  it  In  the  case  of  the  hearty  the  rest  between  the  contractions  (about 
two-thirds  of  the  time),  is  sufficient  to  allow  the  muscle  to  perfectlyrecover  itself. 

The  body  after  exertion  eagerly  absorbs  and  retains  water  ;  the  water, 
though  taken  in  large  quantities,  does  not  pass  off  as  rapidly  as  usual  by  the 
kidneys  or  the  skin,  and  instead  of  causing  an  augmented  metamorphosis,  as 
it  does  in  a  state  of  rest,  it  produces  no  effect  whatever.  So  completely  is  it 
retained,  that  although  the  skin  has  ceased  to  perspire,  the  urine  does  not  in- 
crease in  quantity  for  several  hours.  The  quantity  of  water  taken  is  some- 
times so  great  as  not  only  to  cover  the  loss  of  weight  caused  by  the  exercise, 
but  even  to  increase  the  weight  of  the  body. 

We  can  be  certain,  then,  of  the  absolute  necessity  of  water  during  and  after 
exercise,  and  the  old  rule  of  the  trainer,  who  lessened  the  quantity  of  water  to 
the  lowest  point  which  could  be  borne,  must  be  wrong.  In  fact,  it  is  now 
being  abandoned  by  the  best  trainers,  who  allow  a  liberal  allowance  of  fluid. 
The  error  probably  arose  in  this  way  :  if,  during  great  exertion,  water  ia 
denied,  at  the  end  of  the  time  an  enormous  quantity  is  often  drunk,  more,  in 
fact,  than  is  necessary,  in  order  to  still  the  overpowering  thirst.  The  sweating 
which  the  trainer  had  so  sedulously  encouraged  is  thus  at  once  compensated, ' 
and,  in  his  view,  all  has  to  be  done  over  again.  All  this  seems  to  be  a  mis- 
apprehension of  the  facts.  The  body  must  have  water,  and  the  proper  plan 
is  to  let  it  pass  in  smaU  quantities  and  frequently  ;  not  to  deny  it  for  hours, 
and  then  to  allow  it  to  pass  in  in  a  deluge.  The  plan  of  giving  it  in  small 
quantities  frequently,  does  away  with  two  dangers,  viz.,  the  rapid  passage  of 
a  large  quantity  of  cold  water  into  the  stomach  and  blood,  and  the  taking 
more  than  ib  necessary.* 

In  the  French  army,  on  the  march,  the  men  are  directed  not  to  drink ;  but 
if  very  thirsty,  to  hold  water  in  the  mouth,  or  to  carry  a  bullet  in  the  moutL 
It  is  singular,  in  that  nation  of  practical  soldiers,  to  find  such  an  order. 
Soldiers  ought  to  be  abundantly  supplied  with  water,  and  taught  to  take 
small  quantities,  when  they  begin  to  feel  thirsty  or  fatigued.  If  they  are 
hot,  the  cold  water  may  be  held  in  the  mouth  a  minute  or  two  before 
swallowing,  as  a  precaution ;  though,  I  must  say,  as  far  as  I  have  seen,  I 
have  never  known  any  ill  effects  from  drinking  a  moderate  quantity  of  cold 
water,  even  during  the  greatest  heat  of  the  body.f 

General  Effect  of  Exercise  on  the  Body,  as  jridged  of  by  the  preceding  facts. — 
The  main  effect  of  exercise  is  to  increase  oxidation  of,  carbon,  and  perhaps 
also  of  hydrogen ;  it  also  eliminates  water  from  the  body,  and  this  action  con- 
tinues, as  seen  from  Pettenkofer  and  Voit's  experiments,  for  some  time ;  after 
exercise,  the  body  is  therefore  poorer  in  water,  especially  the  blood;  it 
increases  the  rapidity  of  circulation  everywhere,  as  well  as  the  pressure  on  the 
vessels,  and  therefore  it  causes  in  all  organs  a  more  rapid  outflow  of  plasma 
and  absorption, — in  other  words,  a  quicker  renewal  In  this  way  also  it 
removes  the  products  of  their  action,  which  accumulate  in  organs ;  and  restores 

*  It  is  but  right  to  say  that  many  travellers  of  great  experience  have  expressed  great  fear 
of  water  under  exertion.  Some  of  them  have  most  strongly  urged  that  "water  be  avoided 
like  poison/'  and  have  stated  that  a  lai^e  quantity  of  butter  is  uie  best  preventive  of  tfaint. 
At  any  rate,  the  butter  may  be  excellent,  but  a  little  water  is  a  necessity. 

+  Horses  also  used  to  be.  and  by  some  are  now,  deprived  or  stinted  of  water  during  exeircise. 
Bat  in  India,  the  native  horsemen  give  their  horses  drink  as  often  as  they  can;  and  Dr 
Nicholson  tells  me  this  is  the  case  with  the  Cape  horses ;  even  when  the  horses  are  sweating 
prof asely,  the  men  will  ride  them  into  a  river,  bathe  their  sides  and  idlow  them  to  drink. 
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the  power  of  action  to  the  various  parts  of  tlie  body.  It  increases  the  outflow 
of  warmth  from  the  body  by  increasing  perspiration.  It  therefore  strengthens 
all  parta  It  must  be  combined  with  increased  supply  both  of  nitrogen  and 
carbon  (the  latter  possibly  in  the  form  of  fat)  otherwise  the  absorption  of 
oxygen,  the  molecular  changes  in  the  nitrogenous  tissues,  and  the  elimination 
of  carbon,  will  be  checked.  There  must  be  also  an  increased  supply  of  salts, 
certainly  of  chloride  of  sodium;  probably  of  potassium  phosphate  and 
chloride.  There  must  be  proper  intervals  of  rest,  or  the  store  of  oxygen,  and 
of  the  material  in  the  muscles  which  is  to  be  metamorphosed  during  contrac- 
tion, cannot  take  place.  The  integrity  and  perfect  freedom  of  action  both  of 
the  lungs  and  heart  are  essential,  otherwise  neither  absorption  of  oxygen  nor 
elimination  of  carbon  can  go  on,  nor  can  the  necessary  increased  supply  of 
blood  be  supplied  to  the  acting  muscles  without  injury. 

In  all  these  points,  the  inferences  deducible  from  the  physiological  inquiries 
seem  to  be  quite  in  harmony  with  the  teachings  of  experience. 

SECTION  11. 
AMOUNT  OF  EXERCISE  WHICH  SHOULD  BE  TAKEN. 

It  would  be  extremely  important  to  determine,  if  possible,  the  exact  amount 
of  exercise  which  a  hecdthy  adult,  man  or  woman,  should  take.  Every  one 
knows  that  great  errors  are  committed,  chiefly  on  the  side  of  defective 
exercise.  It  is  not,  however,  easy  to  fix  the  amount  even  for  an  average 
man,  much  less  to  give  any  rule  which  shall  apply  to  all  the  divers  conditions 
of  health  and  strength.  But  it  is,  I  think,  certain  that  muscular  work  is  not 
only  a  necessity  for  health  of  body,  but  for  mind  also  ;  at  least  it  has  seemed 
to  me  that  diminution  in  the  size  of  the  body  from  deficient  muscular  work 
seems  to  lead  in  two  or  three  generations  to  degenerate  mental  formation. 

The  external  work  which  can  be  done  by  a  man  daily  has  been  estimated 
at  ^th  of  the  work  of  the  horse  ;  but  if  the  work  of  a  horse  is  considered  to 
be  equal  to  the  l-horse  power  of  a  steam  engine  (viz.,  33,000  lb  raised  1  foot 
high  per  minute,  or  8839  tons  raised  1  foot  high  in  ten  hours),  this  must  be 
an  over-estimate,  as  ^th  of  this  would  be  1263  tons  raised  1  foot  in  a  day's 
work  of  ten  hours.*     The  hardest  day's  work  of  twelve  hours  I  have  ever 

*  In  some  works  on  physiology  a  man's  work  of  eight  hours  has  been  put  as  high  as  816,800 
kilogrammemetres,  or  1020  tons  lifted  a  foot ;  but  this  is  far  too  much. 

In  this  country,  the  amount  of  work  done  is  generally  estimated  as  so  many  ¥bs.  or  tons 
lifted  1  foot.  In  France  it  is  expressed  as  so  many  kilogrammes  lifted  1  metre.  Kilogramme- 
metres  are  converted  into  foot-pounds,  by  multiplying  by  7' 283.  To  bring  at  once  into  tons 
lifted  a  foot,  multiply  kilogrammemetres  by  *003229.  The  following  table  may  be  useful,  as 
expressing  the  amount  of  work  done.  It  is  taken  from  Dr  Haughton's  work  (A  New  Theory 
of  Muscmar  Action).  The  numbers  are  a  little  different  from  those  given  by  Coulomb,  as 
they  were  recalculated  by  Dr  Hanghton  in  1863. 


Laboubino  Forck  of  Man. 

Kind  of  Work. 

Amount  of  Work. 

Authority. 

Pile  driving,           .            .            ,            . 

812  tons  lifted  1  foot. 

Coulomb. 

Pile  driving,           .... 

352        „ 

Lamande. 

Tummg  a  winch,  .... 

374        „ 

Coulomb. 

Porters    carrying   goods   and   returmng ) 
unladen,             .            .            .            .  ) 

325 

4 

»t 

Pedlars  always  loaded, 

803       „ 

if 

Porters   carrying  wood  up  a  stair  and ) 

381 

retaming  unloaded,        .           .           .  / 

f» 

Paviours  at  work, .... 

362        „ 

Hanghton. 

Military  prisoners  at  shot  drill  (3  hours),  ) 
and  oakum  picking,  and  drill,   .           .  f 

SIO 

ft 

Shot  drill  alone  (8  hours),                        .       160*7     „ 

tt 
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myself  known  a  man  do,  was  in  fhe  case  of  a  workman  in  a  oopper  lolIing- 
milL  He  stated  that  he  occasionally  raised  a  weight  of  90  fi)  to  a  height  of 
18  inches,  12,000  times  a-day.  Supposing  this  to  he  correct,  he  would  raise 
723  tons  1  foot  high.  But  this  much  overpasses  the  usual  amount  The 
same  man's  ordinary  day's  work,  which  he  considered  extremely  hard,  was 
raising  a  weight  of  124  ft  16  inches,  5000  or  6000  times  in  a  day.  Adopting 
the  larger  numher,  this  would  make  his  work  equivalent  to  442*8  tons  lifted 
a  foot ;  and  this  was  a  hard  day's  work  for  a  powerful  man.  Some  of  the 
puddlers  in  the  iron  country,  and  the  glass-hloweis,  probahly  work  harder 
than  this  ;  hut  I  am  not  aware  of  any  calculation&  I  learned  from  a  pedlar, 
that  an  ordinary  day's  work  was  to  carry  28  S)  twenty  miles  daily.  The 
weight  ishalanced  over  the  shoulder, — 14  fl>  hehind  and  14  fi>  in  front  The 
work  is  equal  to  419*5  tons  lifted  1  foot  It  would,  therefore,  seem  certain 
that  an  amount  of  work  equal  to  500  tons  lifted  a  foot  is  an  extremely  hard 
day's  work,  which  perhaps  few  men  could  continue  to  do.  400  tons  lifted  a 
foot  is  a  hard  day's  work,  and  300  tons  lifted  a  foot  is  an  average  day's  work 
for  a  healthy,  strong  adult 

The  external  work  is  thus  300  to  500  tons  on  an  average ;  the  internal 
work  of  the  heart,  muscles  of  respiration,  digestion,  &c.,  has  heen  variously 
estimated ;  the  estimates  for  the  heart  alone  vary  from  122  to  277  tons  lifted 
a  foot  The  former  is  that  given  hy  Haughton,  who  estimates  the  respiratory 
movements  as  ahout  11  tons  lifted  a  foot  in  24  hours.  Adopting  a  mean 
numher  of  260  tons  for  all  the  internal  mechanical  work,  and  the  external 
work  of  a  mechanic  being  300  to  500  tons,  this  will  amount  to  from  |th  to 
^th  of  all  the  force  obtainable  from  the  food. 

The  exertion  which  the  infantry  soldier  is  called  upon  to  undergo  is  chiefly 
drill  and  carrying  weights  on  a  level,  or  over  an  uneven  surfaca 

The  Eeverend  Professor  Haughton,  M.D.,  who  is  so  well  known  for  his 
important  contributions  to  physiology  and  mediciue,  has  shown  that  walking 
on  a  level  surface  at  the  rate  of  about  3  miles  an  hour  is  equivalent  to 
raising  ^th  part  of  the  weight  of  the  body  through  the  distance  walked ;  an 
easy  calculation  changes  this  into  the  weight  raised  1  foot  When  ascending 
a  height,  a  man  of  course  raises  his  whole  weight  through  the  height  ascended. 

Using  this  formula,*  and  assuming  a  man  to  weigh  150  Q>  with  his  clothesi 
we  get  the  following  table  : — 

Work  done  In  Tons 
ll/UMi  1  fooL 

17-67 
35*34 
176*7 
353*4 
24*75 
24*75 
247*5 
495 


Kind  of  Exercise. 

Walking  1  mile, 

2 

» 

^     »» 

» 

10    „ 

»» 

20    „ 

» 

1     „a 

» 

2     „ 

» 

10    „ 

«t 

20     „ 

and  carrying  60  &), 


99 


It  may  be  interesting  to  give  some  examples  of  work  done  in  India  by  natives,  which  haxe 
been  tpyen  me  by  Dr  de  Chaumont :— 

A  Leptcha  hiU-coolie  will  go  from  Pankahanree  to  Darjeeling  (thirty  miles,  and  an  ascent  of 
5500  feet),  in  three  days,  carrying  80  lb  weight,  the  weight  is  carried  on  a  tnme  supported  on 
the  loins  and  sacrum,  and  aided  by  a  band  passed  round  the  forehead. 

Work  per  diem,  500  tons  lifted  1  foot. 

Eight  palanquin  bearers  carried  an  officer  weighing  180  lb,  and  palanquin  weighing  250  lb, 
twenty-five  miles  in  Lower  Bengal  Assuming  each  man  weighed  150 1^  the  work  was  800 
tons  lifted  a  foot 

(W+W')xD 

♦  The  formula  is  20x22t0  '  ^^®™  ^  ^  ^^®  weight  of  the  person,  W  the  weight  car- 
ried ;  D  the  distance  walked  in  feet ;  20  the  coefficient  of  traction  j  and  2240  the  number  of 
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It  is  thus  seen  that  a  march  of  ten  miles,  wi^  a  weight  of  60  fib  (which  is 
nearly  the  weight  a  soldier  carries  when  in  marching  order,  hut  without 
blankets  and  rations),  is  a  moderate  day's  work.  A  twenty-miles'  march,  with 
60  lb  weight,  is  a  very  hard  day's  work.  As  a  continued  labouring  effort,  Dr 
Haughton  believes  that  walking  twenty  miles  a-day,  without  a  load  (Sunday 
being  rest),  is  good  work  (353  tons  lifted  a  foot) ;  so  that  the  load  of  60  fi> 
additional  would  make  the  work  too  hard  for  a  continuance.* 

It  must^  however,  be  remembered,  that  it  is  understood  that  the  walking  is 
on  level  ground,  and  is  done  in  the  easiest  manner  to  the  person,  and  that  the 
"weights  which  are  carried  are  properly  disposed-  The  labour  is  greatly 
increased  if  the  walk  is  irksome,  and  the  weights  are  not  well  adjusted.  And 
this  is  the  case  with  the  soldier.  In  marching,  his  attitude  is  stiff ;  he 
observes  a  certain  time  and  distance  in  each  step ;  he  has  none  of  those  shorter 
and  longer  steps,  and  slower  and  more  rapid  motion,  which  assist  the  ordinary 
pedestrian.  It  may  be  questioned,  indeed,  whether  the  formula  does  not 
tmder-estimate  the  amount  of  work  actually  done  by  the  soldier.  The  work 
becomes  heavier,  too,  t.e.,  more  exhausting,  if  it  is  done  in  a  shorter  time ;  or, 
in  other  words,  velocity  is  gained  at  the  expense  of  carrying  power,  f  The 
velocity  in  fact,  t.&,  the  rate  at  which  work  is  done,  is  an  important  element 
in  the  question,  in  consequence  of  the  strain  thrown  on  the  heart  and  lungs. 
The  Oxford  boat  races — crowing  at  racing  speed  ( ■■  1  mile  in  7  minutes)  in  an 
Oxford  eight-oar,  or  18*56  foot-tons  in  7  minutesj:  is  not  apparently  very  hard 

I>oands  in  a  ton.    The  lesalt  is  the  number  of  tons  raised  1  foot.    To  get  the  distance  in  feet, 
multiply  5280  by  the  number  of  miles  walked. 

*  I  calculated  the  work  done  by  the  sler 
found  that  the  Northern  partyJMarkham'i  _ 
with  a  maximum  of  859 ;  the  Western  party  . 
over  000.    £yen  this  luge  amount  was  considered  an  under-estimate  by  the  Commanders. 
(8ee  Report  of  Committee  on  Outbreak  of  Scurvy  (Blue  Book)  App.  24,  p.  865).    [F.  de  C] 

t  Dr  Haughton  (Principles  of  Animal  Mechanics,  2d  ed.  pp.  56  and  57}  has  determined, 
fnrn  the  calculations  of  the  MM.  Weber,  the  coefficient  of  nmstaace  for  tnree  Yelodties,  as 
foUows : — 

Miles  per  Hmt.  Jietiiitaiica 

1  'olo  •.■»*.  'I  B  V  T 

4*853  •*••••  TVTTF 

10-577         ......  tVt 

Interpolating  between  these  numbers  we  can  obtain  the  coefficients  at  other  velocities.  "Hid 
foUowing  table  shows  the  coefficients,  the  distance  in  miles  that  would  equal  800  foot-tons 
for  a  man  of  160  Iba,  and  the  time  in  hours  and  minutes  that  would  be  required  without  rest : — 


Velocity  in  Miles 

Coefficient  of 

par  Hoar. 

fiMistaBCt. 

8    / 

«Vt 

.       ^/ 

¥TJ*F¥ 

-^  Y 

TlVv 

^ 

nVir 

6 

tbVs" 

7 

ttjVj 

8 

vVr 

9 

rW 

10 

r\v 

Istanee  for  Men  of 

Time  required  In 

160  Ih,  to  equal 

Hours  and  Minutes. 

MOfoot-toaa. 

B. 

M. 

21-2 

10 

86 

16-8 

5 

24 

18'3 

8 

18 

11  •« 

2 

86 

9-6 

1 

86 

8-5 

1 

12 

7-6 

0 

57 

6-9 

0 

46 

6-8 

0 

88 

The  coefficient  -^  corresponds  vexy  neariy  to  8*1  miles  an  hour,  and  this  appears  to  be  the 
rate  at  which  the  greatest  amount  of  work  can  be  done  at  the  least  expenditure  of  energy. 
(8ee  Table  XVIII.,  p.l86.  Lectures  on  State  Medicine,  by  F.  de  Chaumont.)  As  regards  velocity, 
I>r  Hau^ton  states  the  "  Law  of  Fatiffue*"  as  follows :—"  When  the  same  musde  (or  group  of 
muscles)  is  kept  in  constant  action  till  mtigue  sets  in,  the  total  work  done,  multiplied  bv 
the  rate  of  work,  is  constant."  The  "  Law  of  Befreshment "  depends  on  the  rate  at  which 
arterial  blood  is  supplied  to  the  muscles,  and  the  "  Coefficient  of  Befreshment  **  is  the  work 
restored  to  the  muscles  in  foot-pounds  per  ounce  of  muscle  per  second ;  for  voluntair  muscle 
it  is  on  an  average  0-1809,  and  for  the  heart  0*2877,  or  exactly  equal  to  the  work  of  the  heart, 
which  never  tires.    [F.  de  C] 

;  Training,  by  A.  Maekreu,  p.  168. 
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work,  but  it  w  veiy  severe  for  the  time,  as  its  effect  is  great  on  the  circulatory 
systenL 

Looking  at  all  these  results,  and  considering  that  the  most  healthy  life  is 
that  of  a  man  engaged  in  maniiftl  labour  in  the  free  air,  and  that  the  daily 
work  will  probably  average  from  250  to  350  tons  lifted  1  foot,  we  can  perhaps 
say,  as  an  approximation,  that  every  healthy  man  ought,  if  possible,  to  take 
a  daily  amount  of  exercise  in  some  way,  which  shall  not  be  less  than  150  tons 
lifted  1  foot.  This  amount  is  equivalent  to  a  walk  of  about  9  miles  ;  but 
then,  as  there  is  much  exertion  taken  in  ordinary  business  of  Uf  e,  this  amount 
may  be  in  many  cases  reduced.  It  is  not  possible  to  lay  down  rules  to  meet 
all  cases ;  but  probably  every  man  with  the  above  facts  before  him  could  fix 
the  amount  necessary  for  himself  with  tolerable  accuracy. 

In  the  case  of  the  soldier,  if  he  were  allowed  to  march  easily,  and  if  the 
weights  were  not  oppressively  arranged,  he  ought  to  do  easily  12  miles  daily 
for  a  long  time,  provided  he  was  allowed  a  periodical  rest  But  he  could  not 
for  many  days,  without  great  fatigue,  march  20  miles  a  day  with  a  60  fi>  load, 
unless  he  were  in  good  condition  and  well  fed.  If  a  greater  amoimt  still  is 
demanded  from  him,  he  must  have  long  subsequent  rest  But  all  the  long 
marches  by  our  own  or  other  armies  have  been  made  without  weights,  except 
arms  and  a  portion  of  ammunition.  Then  great  distances  have  been  traversed 
by  men  in  good  training  and  condition. 

SECTION  III. 

TRAINING. 

The  aim  of  the  "  Trainer  "  is  to  increase  breathing  power  ;  to  make  the 
muscular  action  more  vigorous  and  enduring,  and  to  lessen  the  amount  of  fat 
He  arrives  at  his  result  by  a  very  careful  diet,  containing  Httle  or  no  alcohol ; 
by  regular  and  systematic  exercise  ;  and  by  increasing  the  action  of  the 
eliminating  organs,  especially  of  the  skin. 

What  the  "  Trainer  "  thus  accomplishes  is  in  essence  the  foUovring :  a  con- 
cordant action  is  established  between  the  heart  and  blood-vessels,  so  that  the 
strong  action  of  the  heart  during  exercise  is  met  by  a  more  perfect  dilatation 
of  the  vessels,  and  there  is  no  blockage  of  the  flow  of  blood ;  in  the  lungs,  the 
blood  not  only  passes  more  freely,  but  the  amount  of  oxygen  is  increased,  and 
the  gradual  improvement  in  breathing  power  is  well  .seen  when  horses  are 
watched  during  trainiug.  This  reciprocal  action  of  heart  and  blood-vessels  is 
the  most  important  point  in  training ;  the  nutrition  of  nerves  and  muscular 
fibres  improves  from  the  constant  action,  and  the  abundant  supply  of  food ; 
the  tissue  changes  are  more  active,  and  elimination,  especially  of  carbon,  in- 
creases. A  higher  condition  of  health  ensues,  and  if  not  carried  to  excess, 
"  training  "  is  simply  another  word  for  healthy  and  vigorous  hving.* 

*  Of  course,  over-training  may  be  hurtful,  but  anything  can  be  carried  too  far.  I  can  only 
refer  to  Dr  Moi^n's  highly  interestinff  and  well-worked  out  treatise  on  University  Oars,  to 
show  that  rowing  is  beneiicial.  Dr  Lee  has  published  a  useful  little  book,  Exercise  and 
Training,  by  B.  Lee,  M.D.,  with  some  good  advice  on  training. 


CHAPTER    XIII. 
CLOTHING. 

The  objects  of  clothing  are  to  protect  against  cold  and  against  wannth ;  all 
other  uses  wiU  be  found  to  resolve  themselves  into  one  or  other  of  these. 

The  subject  naturally  divides  itself  into  two  parts — Isty  The  materials  of 
clothing  ;  and  2dy  The  make  of  the  garments,  which  will  be  considered  in 
Book  n.,  and  only  as  far  as  the  soldier  is  concerned 

Matbrials  of  Clothing. 

The  following  only  will  ba  described  : — Cotton,  linen,  jute,  wool,  leather, 
and  india-rubber. 

Chemical  Reaction. — ^These  materials  are  all  easily  distinguished  by  micro- 
scopical characters,  but  certain  chemical  reactions  may  be  usefuL  Wool  and 
silk  dissolve  in  boiling  liquor  potassae  or  liquor  sodsB  of  sp.  gr.  1040  to  1050 ; 
cotton  and  linen  are  not  attacked.  Wool  is  httle  altered  by  lying  in  sulphuric 
acid,  but  cotton  and  linen  change  in  half  an  hour  into  a  gelatinous  mass, 
which  is  coloured  blue  by  iodina  Silk  is  slowly  dissolved.  Wool  and  silk 
take  a  yellow  colour  in  strong  nitric  acid ;  cotton  and  linen  do  not.  So  also 
wool  and  silk  are  tinged  yeUow  by  picric  acid ;  cotton  and  hnen  are  not,  or  the 
colour  is  slight,  and  can  be  washed  o£  Silk,  again,  is  dissolved  by  hot  con- 
centrated chloride  of  zinc,  which  will  not  touch  wooL  In  a  mixed  fabric  of 
silk,  wool,  and  cotton,  first  boil  in  strong  chloride  of  zinc,  and  wash  ;  this 
gets  rid  of  the  silk ;  then  boil  in  liquor  sodse,  which  dissolves  the  wool,  and 
the  cotton  is  left  behind.  Another  reagent  is  recommended  by  Schlesinger, 
viz.,  a  solution  of  copper  in  ammonia  ;  this  rapidly  dissolves  silk  and  cotton, 
and,  after  a  longer  time,  linen;  wool  is  only  somewhat  swollen  by  it  By 
drying  thoroughly  first,  and  after  each  of  the  above  steps,  the  weight  of  the 
respective  materi^ds  can  be  obtained.* 

Cotton — Microscopic  Characters, — A  diaphanous  substance  forming  fibres 
<^^ut  TWir^  ^^  ^^  ^^^  ^  diameter,  flattened  in  shape,  and  riband-like,  with 
an  interior  canal  which  is  often  obliterated,  or  may  contain  some  extractive 
matters,  borders  a  little  thickened,  the  fibres  twisted  at  intervals  (about  600 
timfiB  in  an  inch).     It  has  been  stated  that   the  fresh  cotton  fibre  is  a 

*  If  other  fabrics  than  those  mentioned  in  the  text  have  to  be  examined,  the  best  book  to 
consult  is  Dr  Schlesinger's  Mikioscopische  Untersneh.  der  Gespinnst-Fasem  (Zurich,  1873), 
where  phites  will  be  found  of  many  of  the  fibres  of  commerce.  The  following  are  the  chief 
reagents  used  by  Schlesinger : — \%ty  strong  and  wei^  sulphuric  acid,  to  dissolve  or  swell  out 
the  fibres,  and  also,  with  iodine,  to  test  for  cellulose.  2a,  Nitric  acid,  especially  to  show  the 
markings.  %dy  Chromic  acid,  as  the  best  solvent  for  the  intercellular  substance,  and  for  the 
swelling  out  in  solution  of  the  cellulose ;  it  is  often  used  with  sulphuric  add.  4^,  Dilute 
tincture  of  iodine,  which  is  added  to  cellulose,  and  then  sulphuric  add  is  used.    Wi,  Solution  of 


transparent.  He  advises  the  fabric  to  be  put  on  a  slip  of  glass,  and  then  a  drop 
of  water  to  be  placed  on  it ;  tlTen  a  needle  should  be  drawn  two  or  three  times  in  the  direction 
of  the  fibres^  which  will  be  easily  detached.  Then  the  fibre  Is  laid  on  a  glass  and  the  reagent 
is  applied. 
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cylindiical  hair  with  thin  walls,  which  coUapsee  and  twiate  as  it  becomes  dry. 
Iodine  atains  them  brown ;  iodine  and  sulphuric  acid  (in  very  sm^ 
quantitieB)  give  a  blae  or  violet  blue ;  nitric  acid  doee  not  destroy  them,  bnt 
tmroUs  the  twists. 

At  an  Article  of  Drees. — The  fibie  of  cotton  is  exceedingly  hard,  it  weais 
well,  does  not  shrink  in  washing,  is  very  non-absorbent  of  water  (either  into 
ite  substance,  or  between  the  fibres),  and  conducts  heat  rather  less  rapidly 
than  linen,  but  much  more  rapidiy  than  wooL'* 

The  advantages  of  cotton  are  cheapness  and  durability ;  ite  hard  non- 
absorbent  fibre  places  it  far  below  wool  as  a  warm  water-absorbing  clothing. 
In  the  choice  of  cotton  fabrics  there  is  not  much  to  be  said ;  smoothness^ 
evenness  of  t«xture,  and  equality  of  spinning,  are  the  chief  points. 


Ilg.  M.— Cotton  X  286. 


Fig.  100.— Linep  x  286. 


States  Anuf).    In  both  ciuea  n  polishe<f  metallic  TMsel  wu  Blled  with  hot  water  of  s  known 
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In  cotton  shirting  and  calico,  cotton  ia  alone  UBed ;  in  merino  and  other 
fabrics  it  is  used  with  wool,  in  the  proportion  of  30  to  60  per  cent  of  wool, 
the  threads  being  twisted  together  to  form  the  yam. 

Linen — Mieroscopie  Qharaotere. — The  fibres  are  finer  than  those  of  cotton, 
diaphanous,  cylindrical,  and  presenting  little  swellings  at  tolerably  regular 
interrala.     The  elementary  fibres  (of  which  the  main  fibre  is  composed)  can 


Rg.  101. -Silk  xSSE.    Bcmle  on  page  424. 
"be  often  seen  in  these  swellings,  and  also  at  the  end  of  broken  threads  which 
have  been  much  used.     The  hemp  fibre  is  something  like  this,  but  much 
coaiser,  and  at  the  knots  it  separates  often  into  a  number  of  smoUor  fibres. 
Silk  is  a  little  Uke  linen,  but  finer,  and  with  much  fewer  knots. 


Fig.  102.— Jnte— United  uA  tingle  elonntcd  cellDlar  tisniu.    Bcsinons  (IJ  nsttM  adhering 

more  or  Ian  to  all  the  fibraa. 
>    As  an  Article  qf  Clothing. — Linen  conducts  he«t  and  ftbeotbe  inlbet  alightlf 
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better  than  cottoiL  It  is  a  little  smoother  than  cotton.  As  an  article  of 
clothing  it  ma;  be  classed  with  it  In  choosing  linen  r^ard  is  had  to  the 
evenness  of  the  threads,  and  to  the  fineness  and  closeness  of  the  texture.  The 
colour  should  be  -white,  and  the  surface  gloeey.  Starch  is  often  used  to  give 
glossiness.     This  is  detected  by  iodine,  and  removed  by  the  first  washing. 

Jute.~AB  jute  is  now  being  very  largely  used,  it  is  possible  it  may  be  . 
employed  as  a  falsification  of  linen  or  cotton.  Jute  is  obtained  from  the 
Goreharus  eapmlarU,  and  comes  to  England  from  Bussia  and  India.  The 
fibres  are  of  considerable  length,  are  hollow,  thickened,  and  vith  narrowinga 
and  constrictions  in  the  tubular  portions  ;  sometimes  an  air-bubble  may  be  in 
the  fibre,  as  shown  in  the  drawing.  The  drawing,  which,  as  veil  as  the  above 
description,  I  awe  to  Dr  Maddox,  shows  the  differences  between  the  jute  and 
cotton  or  linen. 

Wool — Microseopui  Ckaraeters. — Bound  fibres,  transparent  or  a  Kttle  hazy, 
colourless.  The  fibre  is  made  up  of  a  number  of  little  comets,  which  have 
become  united.  There  are  very  evident  slightly  oblique  cross  markings, 
which  indicate  the  bases  of  the  comete ;  and  at  these  points  the  fibre  is  veiy 
ehghtly  laiger.  There  are  also  fine  longitudinal  markings.  There  ia  a 
canal,  but  it  is  ofton  obliterated.  When  old  and  worn,  the  fibre  breaks  up 
into  fibrilhe  ;  and,  at  the  some  time,  the  slight  prominence  at  the  cross  mark' 
ings  disappear,  and  even  the  markings  become  indistinct.  By  these 
cliiacters  old  wool  can  be  recognised.  Size  of  fibres  varies,  but  an  average 
is  given  by  the  figure.    The  finest  wools  have  the  smallest  fibres. 

Ag  an  Article  of  Clothing.— WooX  is  a  bod 

conductor  of  beat  and  a  great  absorber  of 

water.     The  wat«r  penetrat«8  into  the  fibres 

themselves  and  distends  them  (bygroscojnc 

I  water),  and  also  lies  between  them  (water  of 

!  interposition).     In  these  respecte  it  ie  greatly 

superior  to  either  cotton  or  linen,  ite  power 

I  of   hygroscopic   absorption    being    at   least 

!  double  in   proportion  to  its   weight,  and 

i  quadruple  in  proportion  to  its  surface. 

This  property  of  hygroscopically  absorbing 
water  is  a  moat  important  one.  During  per- 
spiration the  evaporation  from  the  surface  of 
the  body  is  necessary  to  reduce  the  heat  which 
is  generated  by  the  exercise.  When  thq  ex- 
ercise is  finished,  the  evaporation  still  goes  on, 
and,  as  already  noticed,  to  such  an  extent  as 
to  chill  the  frame.  When  dry  woollen  clothing 
is  put  on  after  exertion,  the  vapour  from  the 
surface  of  the  body  is  condensed  in  the  wool; 
,  and  gives  out  again  the  large  amount  of  beat 
I  which  had  become  latent  when  the  water  was 
vaporised.  Therefore  a  woollen  covering,  from 
this  cause  alone,  at  onca  feels  warm  when  used 
during  sweating.  In  the  case  of  cotton  and 
Fig.  103.— Wool  X  2S6.  linen  the  perspiration  passes  through  them, 

™K  tAti*^'  "'"^  and  evaporates  from  the  external  surfoce 

without  condensation ;  the  loss  of  heat  then  continues.  These  facte  make  it 
plain  why  dry  woollen  clothes  are  so  useful  o/fej*  exertioa* 
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'  In  addition  to  thiB,  the  textnre  of  wool  is  wanner,  from  its  bad  conducting 
power,  and  it  is  less  easily  penetrated  by  cold  winds.  The  disadvantage  of 
wo6l  is  the  way  in  which  its  soft  fibre  shrinks  in  washing,  and  after  a  time 
the  fibre  becomes  smaller,  harder,  and  probably  less  absorbent* 

In  the  choice  of  woollen  underclothing  the  touch  is  a  great  guide.  There 
should  be  smoothness  and  great  softness  of  texture ;  to  the  eye  the  texture 
should  be  close ;  the  hairs  standing  out  from  the  surface  of  equal  length,  not 
long  and  straggling.  The  heavier  the  substance  is,  in  a  given  bulk,  the 
better.  In  the  case  of  blankets,  the  softness,  thickness,  and  closeness  of  the 
pile,  the  closeness  of  the  texture,  and  the  weight  of  the  blanket,  are  the  best 
guidea 

In  woollen  cloth  the  rules  are  the  same.  When  held  against  the  lights  the 
cloth  should  be  of  uniform  texture,  without  holes ;  when  folded  and  suddenly 
stretched,  it  should  give  a  clear  ringing  note ;  it  should  be  very  resistent 
when  stretched  with  violence ;  the  "  tearing  power  "  is  the  best  way  of  judging 
if  "  shoddy  "  (old  used  and  worked-up  wool  and  cloth)  has  been  mixed  with 
fresh  wooL  A  certain  weight  must  be  borne  by  every  piece  of  cloth.  At  the 
Crovemment  Glothiog  Establishment  at  Pimlico,  a  machine  is  used  which 
marks  the  exact  weight  necessary  to  tear  across  a  piece  of  cloth.  Schlesinger 
recommends  the  following  plan  for  the  examination  of  a  mixed  fabric  con- 
taining shoddy : — Examine  it  with  the  microscope,  and  recognise  if  it  con- 
tains cotton,  or  silk  or  linen,  besides  wooL  If  so,  dissolve  them  by  ammonia- 
cal  solution  of  copper.  In  this  way  a  qualitative  examination  is  first  made. 
Then  fix  attention  on  the  wooL  In  shoddy  both  coloured  and  colourless  wool- 
fibres  are  often  seen,  as  the  fibres  have  been  derived  from  different  cloths 
which  have  been  partially  bleached  ;  the  colouring  matter,  if  it  remains,  is 
different — ^indigo,  purpurin,  or  madder.  The  diameter  of  the  wool  is  never 
80  regular  as  in  fresh  wool,  and  it  changes  suddenly  or  gradually  in  diameter^ 
and  suddenly  widens  again  with  a  little  swelling,  and  then  thins  off  again  ; 
the  cross  marking  or  scales  are  also  almost  obliterated.  When  liquor  potassaB 
is  applied  the  shoddy  wool  is  attacked  much  more  quickly  than  fresh 
wooL 

The  dye  also  must  be  good,  and  of  the  kind  named  in  the  contract,  and  tests 
must  be  applied. 

LecUher, — Choice  of  leather  ;  it  should  be  well  tanned,  and  without  any 
marks  of  corrosion,  or  attacks  of  insects.  The  thinner  kind  should  be 
perfectly  supple. 

Leather  is  not  only  used  for  shoes,  leggings,  and  accoutrements  ;  it  \r  em- 
ployed occasionally  for  coats  and  trousers.  It  is  an  extremely  warm  clothing, 
as  no  wind  blows  through  it,  and  is  therefore  well  adapted  for  cold,  windy 
climates.  Leather  or  sheepskin  coats  are  very  common  in  Turkey,  Tartary, 
Persia,  the  Danubian  Provinces,  and  everywhere  where  the  cold  north  winds 

bnt  parts  -with  it  much  more  quickly ;  thus,  to  cite  one  experiment,  equal  surface  of  linen  and 
flannel  bein^  exposed  to  the  air  after  being  placed  in  equtu  conditions  of  absorption,  the  linen 
lost  in  75  minutes  5*998  grammes,  and  the  flannel  only  4 '858  grammes  of  water.  Subsequently 
the  eFapcration  from  the  linen  lessened,  as  was  to  be  expected,  as  it  was  becoming  drier.; 
that  from  the  flannel  continued  to  pass  off  moderately.  The  much  greater  cooling  effect  of 
linen  is  seen. 

The  porosity  of  clothing,  i.«.,  the  rapidity  through  which  air  is  driven  through,  is  a  point  to  be 
noted.  By  an  equal  pressure  equivalent  to  a  column  of  water  4*5  centimetres  high,  an  area 
of  1  centimetre  diameter  forced  air  through  as  follows : — Through  linen,  6*03  litres  ;  flannel^ 
10*41 :  lambskin,  6*07 ;  glove-leather,  '15 :  wash-leather,  5*87 ;  suk  fabric,  4*14. 

It  tnus  appears  that  the  warmest  clothing  (flannel)  may  be  the  most  porous ;  mere  porosity 
in  fact,  is  only  one  element  in  the  consideration. 

*  In  washing  woollen  articles,  they  should  never  be  rubbed  or  wrung.  They  should  be 
placed  in  a  hot  solution  of  soap,  moved  about,  and  then  plunged  into  cold  water,  when  the 
soap  is  got  rid  of  they  should  be  hung  up  to  diy  without  wringing. 
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are  felt  In  Canada,  coats  of  sheepskin  or  buffalo-hide  have  been  found  vcij 
useful,  and  are  commonly  used  by  sentries. 

Waterproof  Gothing, — ^Like  leather  articles,  the  indiartubber  is  an  exceed- 
ingly hot  dress,  owing  to  the  same  causes,  viz.,  impermeability  to  wind,  and 
condensation  and  retention  of  perspiration.  It  is  objected  to  by  many  on 
these  grounds,  and  especially  the  latter ;  and  L^vy  informs  us  that  the  Council  of 
Health  of  the  French  Army  have  persistently  refused  (and,  in  his  opini(^  very 
properly)  the  introduction  of  waterproof  garments  into  the  army.  If,  how- 
ever, wooUen  underthings  are  worn,  the  perspiration  is  sufficiently  absorbed  by 
those  during  the  comparatively  short  time  waterproof  clothing  is  worn,  and 
the  objection  is  properly  not  valid,  unless  the  waterproof  is  continually  worn. 

The  great  use  of  waterproof  is,  of  course,  its  protection  against  rain,  and  in 
this  respect  it  is  invaluable  to  the  soldier,  and  should  be  largely  used.  By 
the  side  of  this  great  use,  all  its  defects  appear  to  me  to  be  minor  evils. 

India-rubber  cloth  loses  in  part  its  distensibility  in  very  cold  countries,  and 
becomes  too  distensible  in  the  tropics.  Paraffined  doth  is  equally  good,  and 
the  paraffin  does  not  rot  the  fibre  like  common  oiL 

C^eneral  Oondugians. 

Protection  against  Cold. — ^For  equal  thicknesses,  wool  is  much  superior  to 
either  cotton  or  linen,  and  should  be  worn  for  all  underclothing.  In  case  of 
extreme  cold,  besides  wool,  leather,  or  waterproof  clothing  is  useful  Cotton 
and  linen  are  nearly  equal 

Protection  against  Heat. — ^Texture  has  nothing  to  do  with  protection  frcmi 
the  direct  solar  rays  ;  this  depends  entirely  on  colour.  White  is  the  best 
colour  ;  then  grey,  yellow,  pink,  blue,  black.  In  hot  covntries,  therefore, 
white  or  light-grey  clothing  should  be  choseiL 

In  the  shade,  the  effect  of  colour  is  not  marked.  The  thickness^  and  the 
conducting  power  of  the  material,  are  the  conditionB  (especially  the  former) 
which  influence  heat 

Protection  against  Cold  Winds.'^Vcfr  equal  thicknesses,  leather  and  indisr 
rubber  take  the  first  rank ;  wool  the  SBCond ;  cotton  and  linen  about  equaL 

Absorption  of  Perspiration. — ^Wool  has  more  than  double  the  power  of 
cotton  and  linen. 

Absorption  of  Odours. — This  partly  depends  on  colour  ;  and  Stark's  obser- 
vations show  that  the  power  of  absorption  is  in  this  order — black,  blue,  red, 
green,  yellow,  white.  As  far  as  texture  is  concerned,  the  absorption  is  in  pro- 
portion to  the  hygroscopic  absorption,  and  wool  therefofe  absorbs  more  &an 
cotton  or  linen. 

Protection  against  Malaria. — ^It  has  been  supposed  that  wearing  fannel 
next  the  skin  lessens  the  risk  of  malaria.  As  it  is  generally  supposed  that  the 
poison  of  malaria  enters  either  by  the  lungs  or  stomach,  it  is  difficult  to  see 
how  protection  to  the  skin  can  prevent  its  action ;  except  indirectly,  by  pre- 
venting chill  in  persons  who  have  already  suffered  from  ague.  But  the  very 
great  authority  of  Andrew  Combe,  drawn  from  experience  at  Bome,  ia  in. 
favour  of  its  having  some  influence  ;  and  it  has  been  used  on  the  west  coast 
of  Africa  for  this  purpose,  with  apparently  good  results. 


CHAPTER  XIV. 
CLIMATE. 

It  is  not  easy  to  give  a  proper  definition  of  climate.  The  effect  of  climate  on 
the  human  body  is  the  sum  of  the  influences  which  are  connected  either  with 
the  solar  agencies,  the  soil,  the  air,  or  the  water  of  a  place,  and  as  these 
influences  are  in  the  highest  degree  complex,  it  is  not  at  present  possible  to 
trace  out  their  effects  with  any  certainty. 

With  regard  generally  to  the  effect  of  climate  on  human  life,  it  would  seem 
certain  that  the  facility  of  obtaining  food  (which  is  itself  influenced  by  climate), 
rather  than  any  of  the  immediate  effects  of  climate,  regulates  the  location  of 
men  and  the  amount  of  population.  The  human  frame  seems  to  acquire  in 
time  a  wonderful  power  of  adaptation ;  the  Esquimaux,  when  they  can  obtain 
plenty  of  food,  are  large  strong  men  (though  nothing  is  known  of  their  average 
length  of  life),  and  the  dwellers  in  the  hottest  parts  of  the  world  (provided 
there  is  no  mialaria,  and  that  their  food  is  nutritious)  show  a  stature  as  lofty, 
and  a  strength  as  great,  as  any  dwellers  in  temperate  climates.  Peculiarities 
of  race,  indeed,  arising  no  one  knows  how,  but  probably  from  the  combined 
influences  of  climate,  food,  and  customs,  acting  through  many  ages,  appear 
to  have  more  effect  on  stature,  health,  and  duration  of  life,  than  climate  alone» 
Still,  it  would  seem  probable  that^  in  climatic  conditions  so  diverse,  there 
arise  some  special  differences  of  structure  which  are  most  marked  in  the  skin, 
but  may  possibly  involve  other  organs. 

How  soon  the  body,  when  it  has  become  accustomed  by  length  of  residence 
for  successive  generations  to  one  climate,  can  accommodate  itself  to,  or  bear 
the  conditions  of,  the  climate  of  another  widely  different  place,  is  a  question 
which  can  only  be  answered  when  the  influences  of  climate  are  better  known. 
The  hypothesis  of  '^  acclimatisation  "  implies  that  there  is  at  first  an  injurious 
effect  produced,  and  then  an  accommodation  of  the  body  to  the  new  conditions 
within  a  very  limited  time ;  that,  for  example,  the  dweller  in  northern  zones 
passing  into  the  tropics,  although  he  at  first  suffers,  acquires  in  a  few  years 
some  special  constitution  which  relieves  him  from  the  injurious  consequences 
which,  it  is  supposed,  the  change  at  first  brought  with  it  There  are,  therefore, 
two  assumptions,  viz.,  of  an  injurious  effect^  and  of  a  rehef  from  it  Ave  Xs 
either  correct ) 

It  may  seem  a  bold  thing  to  question  the  commonly  received  opinion,  that 
a  tropical  climate  is  injurious  to  a  northern  constitution,  but  there  are  some 
striking  facts  which  it  is  difficult  to  reconcile  with  such  an  opinion.  The  army 
experience  shows  that,  both  in  the  West  Indies  and  in  India,  the  mortality  of 
the  soldier  has  been  gradually  decreasing,  until,  in  some  stations  in  the  West 
Indies  (as,  for  example,  Trinidad  and  Barbadoes),  the  sickness  and 
mortality  among  the  European  soldiers  are  actually  less  than  on  home  service 
in  years  which  have  no  yellow  fever.  In  India,  a  century  ago,  people  spoke 
with  horror  of  the  terrible  climate  of  Bombay  and  Calcutta,  and  yet  Europeans 
now  live  in  health  and  comfort  in  both  citie&  In  Algeria  the  French  experience 
is  to  the  same  effect    As  the  climate  and  the  stations  are  the  same^  and  the 
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soldiers  are  of  the  same  race  and  habits,  what  has  removed  the  dangers  which 
formerly  made  the  sickness  threefold  and  the  mortality  tenfold  the  ratio  of  the 
sickness  and  deaths  at  home  1 

The  explanation  is  very  simple ;  the  deaths  in  the  West  Indies  were  partly 
owing  to  the  virulence  of  yellow  fever  (which  was  fostered,  though  probably 
not  engendered  by  bad  sanitary  conditions),  and  the  general  excess  of  other 
febrile  and  dysenteric  cases.  The  simple  hygienic  precautions  which  are 
efficacious  in  England  have  been  as  useful  in  the  West  Indies.  Proper  food, 
good  water,  pure  air,  have  been  supplied,  and,  in  proportion  as  they  have 
been  so,  the  deadly  effects  attributed  to  climate  have  disappeared.  The  effect 
of  a  tropical  climate  is,  so  to  speak,  relative.  The  temperature  and  the 
humidity  of  the  air  are  highly  favourable  to  decompositions  of  all  kinds ;  the 
effluvia  from  an  impure  soil,  and  the  putrescent  changes  going  on  in  it,  are 
greatly  aggravated  by  heat.  The  effects  of  the  sanitary  evils  which,  in  a  cold 
climate  like  Canada,  are  partly  neutralised  by  the  cold,  are  developed  in  the 
West  Indies,  or  in  tropical  India,  to  the  greatest  degree.  In  this  way  a 
tropical  climate  is  evidently  most  powerful,  and  it  renders  all  sanitary  precau- 
tions tenfold  more  necessary  than  in  the  temperate  zon&  But  all  this  is  not 
the  effect  of  climate,  but  of  something  added  to  climate. 

Take  away  these  sanitary  defects,  and  avoid  malarious  soils  or  drain  them, 
and  let  the  mode  of  living  be  a  proper  one,  and  the  European  soldier  does  not 
die  faster  in  the  tropics  than  at  home.* 

It  must  be  said,  however,  that  an  element  of  uncertainty  may  be  pointed 
out  here.  In  our  tropical  possessions  the  European  soldier  serves  now  only 
for  short  periods  (in  the  West  Indies  for  three  or  four  years,  in  India  only 
for  twelve  years,  and  under  the  new  regulations  of  short  service  he  may  only 
be  six  years,  or  less),  and  during  this  time  he  may  be  for  some  years  on  th^ 
hills,  or  at  any  rate  in  elevated  spots.  The  old  statistical  reports  of  the  army 
pointed  out  that  the  mortality  in  the  West  Indies  augmented  regularly  with 
prolongation  of  service,  and  it  may  be  said  that,  after  all,  the  lessened  sick- 
ness and  mortality  in  the  tropics  is  owing,  in  some  degree,  to  avoidance  by 
short  service  of  the  influence  of  climate.  But  as  the  whole  long  service  was 
constantly  passed  under  the  unfavourable  sanitary  conditions  now  removed, 
it  does  not  follow  that  the  inference  to  be  drawn  from  the  statistical  evidence 
as  to  length  of  service  is  really  correct 

Facts  prove,  then,  that  under  favourable  sanitary  conditions  (general  and 
personal),  Europeans,  during  short  services,  may  be  as  healthy  as  at  home,  as 
far  as  shown  by  tables  of  sickness  and  mortality, f  and,  it  is  not  certain  that 
long  service  brings  with  it  different  results. 

It  may,  however,  be  urged  that,  admitting  that  a  non-malarious  tropical 
climate  per  «e,  may  not  increase  sickness  or  mortality  during  the  most  vigorous 
years  of  life  (and  it  is  then  only  that  Europeans  are  usually  subjected  to  it), 
it  may  yet  really  diminish  health,  lessen  the  vigour  of  the  body,  and  diminish 
the  expectation  of  life. 

We  have  no  evidence  on  the  latter  point  J  With  respect  to  the  former,  it 
will  be  well  to  see  what  is  known  of  the  effects  of  climatic  agencies  on  the 
frime. 

The  influences  of  locality  and  climate,  as  far  as  they  are  connected  with 

*  The  production  of  liyer  disease  in  such  an  amount  in  India,  will  be  considered  by  some  to 
be  a  pure  effect  of  climate.  But  on  this  point  the  evidence  seems  to  me  to  point  most  strongly 
in  another  direction  (see  chapter  on  the  Prevention  of  Disease). 

i*  For  the  statistical  proofs,  see  the  chapters  on  the  West  Indies  and  India. 

X  The  tables  of  the  Indian  Sanitary  Commission^  as  applying  to  men  who  had  been  under 
the  unfavourable  sanitary  conditions  which  prevailed  more  or  less  in  India  till  within  the  last 
few  years,  can  hardly  be  used  with  safety  to  settle  this  point. 
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soil  and  water,  have  been  sofficiently  discussed.  I  shall  merely  briefly  review 
the  climatic  conditions  most  closely  (though  by  no  means  solely)  connected 
with  air.  They  are — ^temperature,  humidity,  movement,  weight,  composition, 
and  electrical  condition.  The  amount  of  light  iis  another  climatic  condition 
of  importance. 

SECTION  L 

TEMPERATURE.* 

The  amount  of  the  sun's  rays ;  the  mean  temperature  of  the  air ;  the 
variations  in  temperature,  both  periodic  and  non-periodic ;  and  the  length  of 
time  a  high  or  low  temperature  lasts,  are  the  most  important  points. 
Temperature  alone  has  been  made  a  ground  of  classification. 

(a)  Equable,  limited,  or  insular  climates;  ^.e.,  with  slight  yearly  and 
diurnal  variations. 

(b)  Extreme,  excessive,  or  continental ;  i,e.,  with  great  variations. 

The  terms  limited  and  extreme  might  be  applied  to  the  amplitude  of  the 
yearly  fluctuation  (i.c.,  difference  between  hottest  and  coldest  month,  see 
^Ietborolooy),  while  equable  and  excessive  might  be  applied  especially  to 
the  non-periodic  variations,  which  are  slight  in  some  places,  and  extreme  in 
others. 

A  limited  climate  is  generally  an  equable  one,  and  an  extreme  climate 
(with  great  yearly  fluctuation)  is  generally  an  excessive  one  (with  great 
undulations). 

The  effects  of  heat  cannot  be  dissociated  from  the  other  conditions ;  it  is 
necessary,  however,  to  briefly  notice  them- 

The  effect  of  a  certain  degree  of  temperature  on  the  vital  processes  of  a  race 
dwelling  generation  after  generation  on  the  same  spot,  is  a  question  which  has 
as  yet  received  no  sort  of  answer.  Does  the  amount  of  heat  per  se,  in- 
dependent of  food  and  all  other  conditions,  affect  the  development  of 
mechanical  force  and  temperature,  and  the  coincident  various  processes  of 
formation  and  destruction  of  the  tissues?  Is  there  a  difference  in  these 
respects,  and  in  the  resulting  action  of  the  eliminating  organs,  in  the  inhabi- 
tants of  the  equator  and  of  60'  or  60'  N.  lat.  1  This  is  entirely  a  problem  for 
the  future,  but  there  is  no  class  of  men  who  have  more  opportunities  of 
studying  it  than  the  army  surgeons. 

The  problem  of  the  influence  of  temperature  is  generally  presented  to  us 
nnder  the  form  of  a  dweller  in  a  temperate  zone  proceeding  to  countries  either 
colder  or  hotter  than  his  own.  It  is  in  this  restricted  sense  I  shaU  now  con- 
sider it 

With  regard  to  the  effect  on  the  Anglo-Saxon  and  Celtic  races  of  going  to 
live  in  a  climate  with  a  lower  mean  temperature  and  greater  variations  than 
their  own,  we  have  the  experience  of  Canada,  Nova  Scotia,  and  some  parts  of 
the  Northern  American  States.  In  all  these,  if  food  is  good  and  plentiful, 
health  is  not  only  sustained,  but  is  perhaps  improved.  The  agricultural  and 
outdoor  life  of  Canada  or  Nova  Scotia  is  probably  the  cause  of  this ;  but 
certain  it  is  that  in  those  countries  the  European  not  only  enjoys  health,  but 
produces  a  progeny  as  vigorous,  if  not  more  so,  than  that  of  the  parent  race. 

The  effects  of  heat  exceeding  the  temperate  standard  must  be  distinguished 
according  to  origin ;  radiant  heat  or  the  direct  rays  of  the  sun,  and  non- 
radiant  heat,  or  that  of  the  atmosphera  In  the  latter  case,  in  addition  to 
heat  there  is  more  or  less  rarefaction  of  the  air,  and  also  coincident  conditions 


For  some  elementary  facts  on  temperature,  see  Meteorology. 
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of  humidity  and  moyement  of  the  aii^  which  moalt  he  taken  into  aocoimtb 
The  influence,  again,  of  sudden  transitions  from  heat  to  cold«  or  the  leveise^ 
has  to  he  considered  The  Europeans  from  tempeitate  climates  jQouiiah, 
apparently,  in  countries  not  much  hotter  than  their  own,  as  in  some  parts  of 
Australia,  "New  Zealand,  and  New  Caledonia,  though  it  is  yet  too  soon  to 
speculate  whether  the  vigour  of  the  race  will  improve  or  otherwise.  But 
there  is  a  general  impression  that  they  do  not  flourish  in  countries  much 
hotter,  i.e.y  with  a  yearly  mean  of  20°  Fahr.  higher,  as  in  many  parts  of 
India;  'that  the  race  dwindles,  and  finally  dies  out;  and  therefore  that  no 
acclimatisation  of  race  occurs.  And  certainly  it  would  appear  that,  in  India, 
there  is  some  evidence  to  show  that  the  pure  race,  if  not  intermixed  with  the 
native,  does  not  reach  heyond  the  third  generation.  Yet  it  seems  only  right 
to  say  that  so  many  circumstances  hesides  heat  and  tha  other  elements  of  climate 
have  heen  acting  on  the  English  race  in  India,  that  any  conclusion  opposed  to 
acclimatisation  must  he  considered  as  hased  on  scanty  evidence.  We  have 
not  gauged  on  a  large  scale  the  eflects  of  climate  pure  and  simple,  uncom- 
plicated with  malaria,  had  diet,  and  other  influences  adverse  to  health  and 
longevity.* 

(a)  Influence  of  the  Direct  Rays  of  the  Sun, — ^It  is  not  yet  known  to 
what  temperature  the  direct  rays  of  the  tropical  sun  can  raise  any  ohject  on 
which  they  falL  In  India,  on  the  ground,  the  uncovered  thermometer  will 
mark  160°,  and  perhaps  212°  (Buist) ;  and  in  this  country,  if  the  movement 
of  air  is  stopped  in  a  small  space,  the  heat  in  the  direct  sun's  rays  can  he 
raised  to  the  same  point  In  a  hermetically  sealed  hoz,  with  a  glass 
top.  Sir  H.  James  found  the  thermometer  mark  237°  Fahr.,  when  exposed 
to  the  rays  of  the  sun,  on  the  14th  July  1864*  In  experiments  on 
frogs,  when  temperature  much  over  the  natural  amount  is  applied  to 
nerves,  the  electrical  currents  through  them  are  lessened,  and  at  last  stop.! 
E.  H.  Weher's  ohservations  show  that  for  men  the  same  rule  holds  good ; 
the  most  favourahle  temperature  is  30°  £  («  99°'5  Fahr.).^  It  appears  also 
from  Kiihne's  experiments  that  the  heat  of  the  hlood  of  the  vertehrata  most 
not  exceed  113°  Fahr.,  for  at  that  temperature  the  myosin  hegins  to  coagulatei 
(Ludwig,  Lehrb.  der  Phy8,y  hand  iL  p.  732.  )§  Perhaps  this  fact  may  he  conr 
nected  with  the  pathological  indication  that  a  very  high  temperature  in  any 
disease  (over  110°  Fahr.)  indicates  the  extremest  (hunger. 

To  what  temperature  is  the  skin  of  the  head  and  neck  raised  in  the  tropics 
in  the  sun's  rays )  No  sufficient  experiments  have,  I  helieve,  heen  made^ 
either  on  this  point  or  on  the  heat  in  the  interior  of  caps  and  hats  with  and 
without  ventilation*  Douhtless,  without  ventilation,  the  heat  ahove  the  head 
in  the  interior  of  the  cap  is  very  great.  It  is  quite  possihle,  as  usually 
assumed,  that  with  had  head  dresses  the  heat  of  the  skin,  hones,  and  possibly 
even  of  the  deep  nerves  and  centres  (the  hrain  and  cord),  may  be  greater  than 
is  accordant  with  perfect  preservation  of  the  currents  of  the  nerves,  or  of  the 
necessary  temperature  of  the  blood,  or  with  the  proper  fluidity  of  some  of  the 
albuminous  bodies  in  the  muscles,  or  nerve& 

The  difficulty  of  estimating  the  exact  eflect  of  the  solar  rays  is  not  only 
caused  by  the  absence  of  a  sufficient  number  of  experiments,  but  by  the  com- 
mon presence  of  other  conditions,  such  as  a  hot,  rarefied,  and  perhaps  impure 

*  In  [ndia  the  mortality  of  Earasians  (that  is,  the  mixed  race  of  British,  Portuguese,  Hindoo, 
Malay,  blood  mixed  in  all  degrees)  appNears  to  be  below  that  of  the  most  h«3thy  European 
service,  viz.,  the  Civil  Service.  Mr  Tait's  facts  (On  the  Mortality  of  Eurasians ;  Statistioil 
Journal,  September  1864)  would  show  that  this  mixed  race  will  maintain  itself  in  India. 

t  Eckhard,  Henle's  Zeitsch.  band  x.  p.  165,  1851. 

X  Weber,  Ludwig's  Phys.,  2d  ed.  vol  i.  p.  126. 

§  For  a  collection  of  data,  see  Dr  H.  C.  Wood,  jun.,  Thermic  Fever,  1872,  p.  50. 
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air,  and  heat  of  the  body  produced  by  ezerciBe,  which  is  not  attended  by  per- 
spiration. Two  points  are  remarkable  in  the  history  of  sunstroke,  viz.,  the 
extreme  rarity  of  sunstroke  in  mid  ocean,*  and  at  great  elevation&f  ^  hoth 
cases  the  effect  of  the  sun's  rays,  per  «e,  is  not  leas,  is  even  greater,  than  on 
land  and  at  sesrlevel ;  yet  in  both  sunstroke  is  uncommon ;  the  temperature 
of  the  air,  however,  is  never  excessive  in  either  case. 

The  effect  of  the  direct  rays  on  the  skin  is  another  matter  requiring  investi- 
gation. Does  it  aid  or  check  perspiration  1  That  the  skin  gets  dry  there  is 
no  doubt)  but  this  may  be  merely  from  rapid  evaporation.  But  if  the  nervous 
currents  are  interfered  with,  the  vessels  and  the  amoimt  of  secretion  are  sure 
to  be  affected,  and  on  the  whole  it  seems  probable  that  a  physiological  effect 
adverse  to  perspiration  is  produced  by  the  direct  rays  of  the  sun.  If  so,  and 
if  this  is  carried  to  a  certain  point,  the  heat  of  the  body  must  rise,  and  suppos- 
ing the  same  conditions  to  continue  (intense  radiant  heat  and  want  of  perspirar 
tion),  may  pass  beyond  the  limit  of  the  temperature  of  possible  life  (113* 
Fahr.)t 

The  effect  of  intense  radiant  heat  on  the  respiration  and  heart  is  another 
point  of  great  moment  which  needs  investigation. 

The  pathological  effect  produced  by  tiie  too  intense  direct  rays  of  the  sun  is 
seen  in  one  or  two  forms  of  insolation,  and  consists  in  paralysis  of  the  heart 
or  the  respiration  (see  Prevention  of  Disease). 

A  form  of  fever  (the  Causits  of  some  writers,  or  thermic  fever)  has  been 
supposed  to  be  caused  by  the  direct  rays  of  the  sun  combined  with  excessive 
exertion.  I  have  seen  a  case  of  this  kind  which  corresponded  closely  to  the 
description  in  books.  The  fever  lasted  for  several  days,  and  its  type  was  not 
in  accordance  with  the  hypothesis  that  it  was  malarious  fever,  or  f ebricula,  or 
typboicL     Ko  thermomefaTobeervBtioiis  were  made  on  the  Aent 

(()  Heat  in  Shade, — The  effect  of  high  air  temperature  on  the  native  of  a 
temperate  climate  passing  into  the  tropics  has  not  been  very  well  determined, 
and  some  of  the  conclusions  are  drawn  from  experiments  on  animals  exposed 
to  an  artificial  temperature. 

1.  The  temperature  of  the  body  does  not  rise  greatly — ^not  more  than  *5  or 
1*  Fahr.  (John  Davy) ;  from  T  to  2J'  and  3'  (Eydaux  and  Brown  S^iuard). 
In  some  experiments  not  yet  published,  Dr  Becher  determined  his  own  tem- 
perature in  a  very  careful  way  during  a  voyage  round  the  Cape  to  India.  He 
found  the  body-heat  increased,  and  in  the  proportion  of  0***05  Fahr.  for  every 
increase  of  1°  Fahr.  in  the  air.  Rattray  also  found  a  decided  increase,  varying 
from  0*''2  Fahr.  to  l''*2  Fahr. ;  the  greatest  increase  was  in  the  afternoon. 
We  may  conclude  that  the  tropical  heat  raises  the  temperature  of  the  body  of 
a  new-comer,  probably  because  the  evaporation  from  the  skin  is  not  capable  of 
counterbalancing  the  great  additional  external  heat,  but  it  is  not  yet  known 
that  in  o.ld  residents  the  same  fact  holds  good.  The  temperature  of  the  body 
is  the  result  of  the  opposing  action  of  two  factors — l«f,  of  development  of 
heat  from  the  chemical  changes  of  the  food,  and  by  the  conversion  of 
mechanical  energy  into  heat,  or  by  direct  absorption  from  without ;  and,  2e?, 
and  opposed  to  this,  of  evaporation  from  the  surface  of  the  body,  which 

_ 

*  The  cases  of  iBolation  in  a  narrow  sea  like  the  Red  Sea  do  not  invalidate  this  rule. 

t  This  may  be  aue  to  the  abeence  of  radiation  from  the  ground ;  ground  radiation  affects 
unprotected  thermometers  very  markedly  (F.  de  C). 

i.  In  the  Turkish  bath  it  may  sometimes  be  observed,  that  on  entering  the  hottest  chamber 
the  skin,  which  had  previously  been  acting  freely,  becomes  dry.  A. feeling  of  oppression 
accornponies  this,  but  relief  is  experienced  so  soon  as  perspiration  is  re-established.  This  would 
seem  to  point  more  to  an  actual  arrest  of  function  tnan  to  a  mere  drying  up  of  the  secretion. 
The  ssnie  thing  in  a  modified  degree  ntay  occur  in  a  tropical  climate,  in  woicn  case  the  intensity 
of  fever  wiU  depend  upon  the  time  that  elapses  before  accommodation  is  reached. 

2e 
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regulates  internal  heat  So  beautifully  is  this  balance  preserved,  that  the 
stability  of  the  animal  temperature  in  all  countries  has  always  been  a  subject 
of  marveL  If  anything,  however,  prevents  this  evaporation,,  radiation  and 
the  cooling  effect  of  moving  wind  cannot  cool  the  body  sufficiently  in  the 
tropics.  Then,  no  doubt,  the  temperature  of  the  body  rises,  especially  if  in 
addition  there  is  muscular  exertion  and  production  of  heat  from  that  cause. 
The  extreme  discomfort  always  attending  abnormal  heat  of  body  then  com- 
mences. In  experiments  in  ovens,  Blagden  and  Fordyce  bore  a  temperature 
of  260"  with  a  small  rise  of  temperature  (2^**  Fahr.),  but  the  air  was  dry,  and 
the  heat  of  their  bodies  was  reduced  by  perspiration ;  when  the  air  in  ovens 
is  very  moist  and  evaporation  is  hindered,  the  temperature  of  the  body  rises 
rapidly.* 

2.  The  respirations  are  lessened  in  number  (Vierordt,  Ludwig)  in  animals 
subjected  to  heat  According  to  Vierordt,  less  carbonic  acid  and  presumably 
less  water  are  eliminated.  Eattrayf  has  proved  by  a  great  number  of 
observations  that  the  number  of  respirations  is  lessened  in  persons  passing 
from  a  cold  to  a  hot  climate.  The  amount  of  diminution  varies ;  in  some 
experiments  the  fall  was  from  16*5  respirations  per  minute  in  England,  in 
winter,  to  12*74  and  13*74  in  the  tropics.  In  another  series  of  experiments 
the  fall  was  from  17*3  respirations  per  minute  to  16*1 ;  the  breathmg  is  also 
gentler,  i.6.,  less  deep.  Rattray  has  also  shown  that  the  spirometric  measure- 
ment of  the  expired  air  ("  vital  capacity  of  Hutchinson")  increases  in  the 
tropics  and  falls  in  temperate  climates,  the  average  variation  being  about  8*7 
per  cent  of  the  total  spirometric  measurement  |  This  will  hold  good  at  all 
ages,  but  is  less  at  either  extreme  of  life,  and  is  most  marked  in  persons  of 
largest  frame  and  most  full  blooded.  The  explanation  of  this  spirometric 
increase  in  the  respiratory  action  of  the  lungs,  as  compared  with  the  lessened 
number  of  inspirations,  is  •  to  be  found,  according  to  Eattray,  in  a  lessened 
proportion  of  blood  and  a  large  proportion  of  air  in  the  lungs  in  the  tropics^ 
and  this  is  borne  out  by  a  fact  presently  to  be  noted,  of  the  lessened  weight 
of  the  lungs  in  Europeans  in  the  tropics. 

The  effect  of  the  lessened  number  of  respirations  is  (in  spite  of  the 
spirometric  increase)  to  reduce  the  total  respiratory  action  considerably. 
Eattray  has  shown  that  the  average  amount  is  in  the  temperate  zone 

•  It  riaes  even  7'  to  8*  Fahr.  (Ludwig,  Lehrb.  der  Phya.,  2d  edit  b.  ii.  p.  780.)  Obeniier^s 
late  observations  are  confirmatory  (Der  Hitzschlag,  Bonn,  1867).  Obemier  coDflrms  the  patho- 
logy generally  received  in  this  country.  Prom  an  observation  of  four  cases  of  sunstroke,  and 
from  thirty-three  experiments  on  animals  earoosed  to  artificial  heat,  he  traces  all  the  eflfSects  to 
tiie  augmented  temperature  of  the  body,  which  cannot  cool  by  evaporation  from  the  surface 
and  lungs  as  usual.  He  puts  down  as  necessary  conditions,  a  high  external  temperature,  inter- 
nal conditions,  as  of  marching,  running,  which  augment  bodily  heat,  and  the  absence  of  water. 
He  does  not,  however,  deny  that  there  may  be  also  a  direct  alteration  of  the  nervous  tissue 
by  the  heat.  He  noticed  in  two  cases  in  men  some  amount  of  urea  in  the  blood,  but  he  did  not 
iind  this  in  animals.  He  distinguishes  two  forms  of  sunstroke :  asthenic,  where  the  elevation  of 
the  temperature  of  the  body  brings  on  early  collapse ;  and  sthenic,  where  the  bodily  temperature 
attains  a  great  height,  and  then  suddenly  the  attack  comes  on  with  more  or  iess  reaction.  In  tha 
one  case  tnere  is  a  pale  face  and  a  copious  sweating  and  cold  skin  (this  is  the  heat  asphyxia  of 
8ome  authors) ;  in  the  other  there  is  the  red  face,  the  iirjected  eyes,  the  sobbing,  breathing, 
convulsions,  delirium,  &c.  Dr  H.  C.  Wood,  jun.,  of  Philadelphia  (Thermic  Fever  or  Sun- 
stroke, 1872),  also  holds  that  the  ''efficient  cause  of  sunstroke  is  the  excess  of  temperature," 
and  lie  adopts  the  view  that  the  rigidity  of  the  heart  depends  on  coagulation  of  the  muscle- 
plasma,  which  occurs  at  116"  Fahr.,  a  degree  of  heat  almost  attained  in  sunstroke ;  and  he 
considers  the  cases  of  sudden  cardiac  deaths  in  India  may  be  owing  to  this  coagulation  of  the 
cardiac  myosin  ;  also  that  the  nerve  centres  are  as  perniciously  affected  by  temperature  as  the 
muscles ;  that  a  mammal  becomes  comatose  when  the  temperature  of  the  brain  rises  to  lOS^, 
and  dies  at  113"  Fahr.  Death  may  occur  rapidly,  however,  he  thinks,  from  paralysis  of  tlie 
respiratory  centres.  A : 

+  On  the  efiects  of  Change  of  Climate  on  the  Human  Economy,  by  A.  Rattray,  M.D., 
surgeon,  R.N.— Proceedings  of  the  Royal  Society,  Nos.  122-120,  139  (1869-72). 

X  Proceedings  of  the  Royal  Society,  No.  139,  p.  2. 
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(teiiL«54''  Fahr.),  239'91  cubic  inclies  per  minute,  whil^  in  the  tropics 
(»=82'  Fahr.)  only  195*69  cubic  inches  were  inspired,  so  that  there  is  a 
difference  of  38 '65  cubic  feet  in  twenty-four  hours,  or  18*43  per  cent,  in 
favour  of  a  temperate  climate.  If  10  ounces  of  carbon  are  expired  in  the 
temperate  zone,  only  8*157  ounces  would  be  expired  in  the  tropics.  Is  there 
then  greater  excretion  of  carbon  from  the  skin,  or,  as  used  to  be  supposed, 
from  file  liver  1 

Dr  Francis  (Bengal  Army)  has  lately  observed  that  the  lungs  are  lighter 
after  death  in  Europeans  in  India  than  the  European  standard.  I  made  a 
similar  observation  many  years  ago,  and  recorded  it  in  a  work  on  cholera,* 
but  had  not  sufficient  facts  to  enable  me  to  be  quite  certain.  If  this  state- 
ment be  confirmed,  it  would  show  a  diminished  respiratory  function,  and 
would  accord  with  Eattray's  observations. 

3.  The  heart's  action  has  been  usually  stated  to  be  quickened  in  the  tropics, 
but  Eattray's  numerous  observations  show  that  this  is  incorrect ;  the  average 
pulse  in  the  tropics  was  lower  by  2^  beats  per  minute  than  in  the  temperate 
zone.  In  experiments  on  animals,  moderate  heat  does  not  quicken  the  heart, 
but  great  heat  doe& 

4.  The  digestive  powers  are  somewhat  lessened,  there  is  less  appetite,  less 
desire  for  animal  food,  and  more  wish  for  cool  fruit  The  quantity  of  bile 
secreted  by  the  liver  is  not  increased,  if  the  stools  are  to  be  taken  as  a  guide 
(Marshall,  in  1819,  John  Davy,  Morehead,  author),  though  Lawson  befieves 
that  an  excess  of  colouring  matter  passes  out  with  the  stools ;  nothing  is 
known  of  the  condition  of  the  usual  liver  work. 

5.  The  skin  acts  much  more  than  usual  (an  increase  of  24  per  cent,  accord- 
ing to  Kattray),  and  great  local  hypersemia  and  swelling  of  the  papiUsd  occur 
in  new  comers,  giving  rise  to  the  familiar  eruption  known  as  "  prickly  heat" 
In  process  of  time,  if  exposed  to  great  heat,  the  skin  suffers  apparently  in  its 
structure,  becoming  of  a  slight  yellowish  colour  from,  probably,  pigmentary 
deposits  in  the  deep  layers  of  the  cuticle. 

6.  The  urine  is  lessened  in  quantity.  The  urea  is  lessened,  as  shown  by 
experiments  in  hot  seasons  at  home  and  during  voyages  (Dr  Forbes  Watson 
and  Dr  Becher).t  It  is  probable  that  this  is  simply  from  lessened  food. 
The  pigment  has  been  supposed  to  be  increased  (Lawson),  but  this  is  doubt- 
ful. The  chloride  of  sodium  is  lessened ;  the  amount  of  uric  and  phosphoric 
acids  is  uncertain. 

7.  The  effect  on  the  nervous  system  is  generally  considered  as  depressing 
and  exhausting,  i,e.,  there  is  less  general  vigour  of  mind  and  body.  But  it 
is  undoubted  that  the  greatest  exertions  both  of  mind  and  body  have  been 
made  by  Europeans  in  hot  climates.  Eobert  Jackson  thought  as  much  work 
could  be  got  of  men  in  hot  as  in  temperate  climates.  It  is  probable  that  the 
depressing  effects  of  heat  are  most  felt  when  it  is  combined  with  great 
humidity  of  the  atmosphere,  so  that  evaporation  &om  the  skin,  and  consequent 
lessening  of  bodily  heat,  is  partly  or  totally  arrested.  X 

*  On  Algide  Cholera,  by  E.  A.  Parkes,  M.D.,  p.  14  (1847). 

+  These  ezperimente  are  not  yet  fully  published ;  they  were  made  durinf^  vovajjes  to  Bombay 
and  China,  and  show  that  when  the  temperature  reached  a  certain  point  (75^  in  Dr  Becher's 
experiments),  the  solids  of  the  urine  and  the  urea  lessened  considerably. — Proceedings  of  the 
Rtyyal  Society,  1862. 

X  See  Dr  Kenneth  Mackinnon's  Treatise  on  Public  Health,  p.  27,  on  the  effect  of  plenty  of 
exercise  even  in  the  hot,  and  moist,  and  presumed  unhealthy  climate  of  Tirhoot  in  Bengal. 
He  proves  that  men  can  be  much  in  the  open  air,  e?en  in  the  hot  parts  of  the  day,  with  im- 
punity, and  that  when  "they  take  exercise  they  are  in  the  highest  state  of  health."  Is  not 
the  effect  of  great  exercise  beneficial  in  increasing  the  action  of  the  lungs  and  heart,  and  thus 
so  far  counteracting  the  effect  of  climate  ?  Still  Dr  Mackinnon  believes  the  climate  is 
exhausting. 
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The  most  exhansting  effects  of  heat  are  felt  when  the  heat  is  contiiuioiiBy 
i.e.y  yeiy  great,  day  and  night,  and  especially  on  sandy  plains  where  the  air 
is  highly  rarefied  day  and  night  There  is  then  really  lessened  quantity  of 
oxygen  in  a  given  cuhic  space.*  Add  to  this  fact  that  the  respirations  are 
lessened,  and  we  have  two  factors  at  work  which  must  diminish  the  ingress  of 
oxygen,  and  thereby  lessen  one  of  the  great  agents  of  metamorphosis. 

8.  Eattray  has  made  observationst  on  the  weight  and  height  of  forty-eight 
naval  cadets,  aged  from  141  to  17  years,  during  four  successive  changes  of 
climate  during  a  voyaga  The  results  show  that  in  the  tropics  they  increased 
in  height  more  rapidly  than  in  cold  climates,  but  that  they  lost  weight  very 
considerably,  and,  in  spite  of  their  rapid  growth,  Eattray  concludes  that  the 
heat  impaired  the  strength,  weight,  and  heiJth  of  these  lads.  His  figures  seem 
conclusive  on  these  points,  and  show  the  beneficial  influence  of  cold  on  youths 
belonging  to  races  long  resident  in  temperate  climates. 

On  the  whole,  even  when  sufficient  perspiration  keeps  the  body  temperature 
within  the  limits  of  health,  the  effect  of  great  heat  in  shade  seems  to  be,  as 
far  as  we  can  judge,  a  depressing  influence  lessening  the  nervous  activity, 
the  great  functions  of  digestion,  respiration,  sanguification,  and  directly  or 
indirectly  the  formation  and  destruction  of  tissues.  Whether  this  is  the  heat 
alone,  or  heat  and  lessened  oxygen,  and  great  humidity,  is  not  certain. 

So  bad  have  been  the  general  and  personal  hygienic  conditions  of  Europeans 
in  India,  that  it  is  impossible  to  say  what  amount  of  the  great  mortality  in 
that  country  is  due  to  excess  of  heat  over  the  temperature  of  Europe.  Nor 
is  it  possible  to  determine  the  influence  of  heat  alone  on  the  endemic  diseases 
of  Europeans  in  the  tropics — liver  disease  and  dysentery.  There  is,  perhaps, 
after  all,  little  immediate  connection  between  heat  and  liver  disease. 

Rapid  Changes  of  Temperature. — ^The  exact  physiological  effects  have  not 
yet  been  traced  out ;  and  these  sudden  vicissitudes  are  often  met  by  altered 
clothing,  or  other  means  of  varying  the  temperature  of  the  body.  The  greatest 
influence  of  rapid  changes  of  temperature  appears  to  occur  when  the  state  of 
the  body  in  some  way  coincides  with  or  favours  their  action.  Thus,  the 
sudden  checking  of  the  profuse  perspiration  by  a  cold  wind  produces  catarrhs, 
inflammations,  and  neuralgia.  I  liave  been  astonished,  however,  to  find  how 
well  even  phthisical  persons  will  bear  great  changes  of  temperature,  if  they 
are  not  exposed  to  moving  currents  of  air ;  and  there  can  be  little  doubt  that 
the  wonderful  balance  of  the  system  is  soon  readjusted. 

*  A  cubic  foot  of  dry  air  at  32°  weighs  566*850  grains,  Mud  if  the  proportion  of  nitrogen  and 
oxygen  be  assumed  to  be  by  weight  6/ and  28  per  cent.,  and  the  slight  amount  of  carbonic  add 
be  neglected,  there  will  be  in  a  cubic  foot — 

436*475  grains  of  nitrogen. 
180*875       „   ■.  oxygen. 


566*860 

As  a  man  draws,  on  an  aveTUge.  when  tranquil,  16*6  cubic  feet  per  hour  into  his  lung^  he  will 
thus  receiye  180*875  x  16*6  >-  2164*2  grains  of  oxygen  per  hour. 
At  a  temperature  of  80"*  the  foot  of  air  weighs  516*38  grains,  and  is  made  up  by  weight  of— 

:897'6i;^praLin8;of  nitrogen. 
1118*77       „        oxygen. ; 

51 6*88 

Therefbre,  in  an  hour  if  a  man  withdraws  16*6  cubic  feet,  he  will  receive  11877  x  16*6  — 1971*6 
grains  of  oxygen  per  hour.  Or,  in  other  words,  in  an  hour  he  would  receive  192*6  grains  of 
oxygen  less  with  the  higher  temperature,  an  amoimt  equal  to  about  9  per  cent,  of  the  amount 
supplied  at  the  lower  temperature. 

If  saturated  with  moisture,  a  cubic  foot  of  air  will  contain  ISO  grains  of  oxygen  at  32"  and 
112  grains  at  100^ 

t  Proceedings  of  the  Royal  Society,  No.  139. 
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SECTION  11. 

HUMIDITY. 

According  to  their  degree  of  humidity  climates  are  divided  into  moist  and 
dry.  Professor  Tyndall's  observations  have  shown  how  greatly  the  humidity 
of  the  air  inflaences  climate,  by  hindering  the  passage  of  heat  from  the  earth. 
As  far  as  the  body  is  concerned,  the  chief  e£fect  of  moist  air  is  exerted  on  the 
evaporation  from  the  skin  and  lungs,  and  therefore  the  degree  of  dryness  or 
moisture  of  an  atmosphere  should  be  expressed  in  terms  of  the  relative  (and 
not  of  the  absolute)  humidity,  and  should  always  be  taken  in  connection  with 
the  temperature,  movement,  and  density  of  the  air,  if  this  latter  varies  much 
from  that  of  sea-leveL  The  evaporating  power  of  an  atmosphere  which  con, 
tains  75  per  cent,  of  saturation  is  very  different,  according  as  the  temperature 
of  the  air  is  40**  or  80\  As  the  temperature  rises,  the  evaporative  power  in* 
creases  faster  than  the  rise  in  the  thermometer. 

There  is  a  general  opinion  that  an  atmosphere  which  permits  free,  without 
excessive,  evaporation  is  the  best ;  but  there  are  few  precise  experiments. 

The  most  agreeable  amount  of  humidity  to  most  healthy  people  is  when  the 
lelative  humidity  is  between  70  to  80  per  cent  In  chronic  lung  diseases, 
however,  a  very  moist  air  is  generally  most  agreeable,  and  allays  cough«  The 
evaporation  from  the  lungs  produced  by  a  dry  atmosphere  appears  to  irritate 
them. 

The  moist  hot  siroccos,  which  are  almost  saturated  with  water,  are  felt  as 
oppressive  by  man  and  beast ;  3nd  this  can  hardly  be  from  any  other  cause 
than  the  check  to  evaporation,  and  the  consequent  rise  in  the  temperature  of 
the  body. 

It  is  not  yet  known  what  rate  of  evaporation  is  the  most  healthy.  Exces 
sive  evaporation,  such  as  may  be  produced  by  a  dry  sirocco,  is  well  borne  by 
some  persons,  but  not  by  alL  Probably,  in  some  cases,  the  physiologiccd 
factor  of  perspiration  comes  into  play,  and  the  nerves  and  vessels  of  the  skin 
are  altered ;  and  in  this  way  perspiration  is  checked.  We  can  hardly  account^ 
in  any  other  way,  for  the  fact,  that  in  some  persons,  the  dry  sirocco,  or  dry 
hot  land  wind,  produces  harshness  and  dryness  of  the  skin,  and  general 
malaise,  which  possibly  (though  there  is  yet  no  thermometric  proof)  may  be 
caused  by  a  rise  of  temperature  of  the  body. 

From  the  experiments  of  Lehmann  on  pigeons  and  rabbits,  it  appears  that 
more  carbonic  acid  is  exhaled  from  the  lungs  in  a  very  moist  than  in  a  dry 
atmosphera  The  pathological  effects  of  humidity  are  intimately  connected 
with  the  temperature.  Warmth  and  great  humidity  are  borne,  on  the  whole, 
more  easily  than  cold  and  great  humidity.  Tet,  in  both  cases,  so  wonderful 
is  the  power  of  adaptation  of  the  body,  that  often  no  harm  results. 

The  spread  of  certain  diseases  is  supposed  to  be  intimately  related  to  humidity 
of  the  air.  Malarious  diseases,  it  is  said,  never  attain  their  fullest  epidemic 
spread  unless  the  humidity  approaches  saturation.  Plague  and  smallpox  are 
both  checked  by  a  very  dry  atmosphere.  The  cessation  of  bubo  plague  in 
Upper  Egypt)  after  St  John's  Day,  has  been  considered  to  be  more  owing  to 
the  dryness  than  to  the  heat  of  the  air. 

In  the  dry  Harmattan  wind,  on  the  west  coast  of  Africa,  smallpox  cannot 
be  inoculated ;  and  it  is  well  known  with  what  difficulty  cowpox  is  kept  up 
in  very  dry  seasons  in  India.  Tellow  fever,  on  the  other  hand,  seems  inde- 
pendent of  moisture,  or  will  at  any  rate  prevail  in  a  dry  air.  The  observations 
at  Lisbon,  which  Lyons  has  recorded,  show  no  relation  to  the  dew-point 

With  regard  to  other  diseases,  and  especially  to  diseases  of  sangmfication 
and  nutrition,  observations  are  much  needed       • 
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SECTION  m. 

MOVEMENT  OF  AIR. 

This  is  a  yeiy  important  climatic  condition.  The  effect  on  the  body  is 
twofold.  A  cold  wind  abstracts  heat,  and  in  proportion  to  its  velocity ;  a  hot 
wind  carries  away  little  heat  by  direct  abstraction,  but^  if  diy,  increases 
evaporation,  and  in  that  way  may  in  part  counteract  its  own  heating  power. 
Both,  probably,  act  on  the  structure  of  the  nerves  of  the  skin,  and  on  the 
contractility  of  the  cutaneous  vessels,  and  may  thus  influence  the  rate  of 
evaporation,  and  possibly  affect  also  other  organ& 

The  amount  of  the  cooling  effect  of  moving  bodies  of  air  is  not  easy  to 
determine,  as  it  depends  on  three  factors,  viz.,  the  velocity  of  movement,  the 
temperature,  and  the  humidity  of  the  air.  The  effect  of  movement  is  very 
great  In  a  still  atmosphere  an  extremely  warm  temperature  is  borne  without 
difficulty.  In  the  Arctic  expeditions  still  air  many  degrees  below  zero  of 
Fahr.  caused  no  discomfort  But  any  movement  of  such  cold  air  at  once 
chills  the  frame.  It  has  been  asserted  that  some  of  the  hot  and  very  dry 
desert  winds  will,  in  spite  of  their  warmth,  chill  the  body ;  and  if  so,  it  can 
scarcely  be  from  any  other  reason  than  the  enormous  evaporation  they  cause 
from  the  skin.  It  is  very  desirable,  however,  that  this  observation  should  be 
repeated,  with  careful  thermometrical  observations  on  the  body  and  surface. 

SECTION  IV. 
WEIGHT  OF  THE  AIR. 

I  shall  not  here  enter  into  the  question,  whether  the  slight  changes  in  the 
pressure  of  the  atmosphere,  which  occur  at  any  one  spot,  have  any  effect  on 
health,  or  any  influence  on  disease. 

Effects  of  Considerdble  Lessening  of  Pressure, 

When  the  differences  of  pressure  between  two  places  is  considerable,  a 
marked  effect  is  produced,  and  there  seems  no  doubt  that  the  influence  of 
mountain  localities  is  destined  to  be  of  great  importance  in  therapeutics.  It 
is  of  peculiar  interest  to  the  army  surgeon,  as  so  many  regiments  in  the 
tropics  are,  or  will  be,  quartered  at  considerable  elevations. 

In  ascending  mountains  there  is  rarefaction,  t.^.,  lessened  pressure  of  air; 
on  an  average  (if  the  weight  of  the  air  at  sea-level  is  14  ft  on  every  square 
inch)  an  ascent  of  900  feet  takes  off  ^  lb ;  but  this  varies  with  height  (see 
Measurement  of  Heights)  ;  there  are  also  lowered  temperature,  and  lessened 
moisture  abo^e  4000  feet,  greater  movement  of  the  air,  increased  amount  of 
light,  greater  sun  radiation,  if  clouds  are  absent.  The  air  is  freer  from  germs 
of  infusoria.  Owing  to  the  rarefaction  of  the  air  and  lessened  watery  vapour, 
there  is  greater  diathermancy  of  the  air;  the  soil  is  rapidly  heated,  but 
radiates  also  fast,  as  the  heat  is  not  so  much  held  back  by  vapour  in  the  air, 
hence  there  is  very  great  cooling  of  the  ground  and  the  air  close  to  it  at 
night 

The  physiological  effects  of  lessened  pressure  begin  to  be  perceptible  at 
2800  or  3000  feet  of  altitude  ( =  descent  of  2|  to  3  inches  of  mercury) ; 
they  are  quickened  pulse*  (fifteen  to  twenty  beats  per  minute)  j  quickened 

*  £aUoon  (ucenU-  Biot  and  Gay-Lussac  at  9,000  feet— iiicrease  of  18  to  80  beats  of  the  polse* 

Glaisher,       .        .    at  17,000  „  -        „         10  to  24  „ 

J,  •       .    at  24,000  „  -        ,,         24  to  31.  „ 
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respiration  (inoreaseaten  to  fifteen  lespiiations  per  minute),  with  lessened 
spirometric  capacity,*  increased  evaporation  from  skin  and  lungs ;  lessened 
urinary  water,  f  At  great  heights  there  is  increased  pressure  of  the  gases  in 
the  body  against  the  containing  parts ;  swelling  of  superficial  vessels,  and 
occasionally  bleeding  from  the  nose  or  lungs.  A  sensation  of  weight  is  felt 
in  the  limbs  from  the  lessened  pressure  on  the  joints.  At  altitudes  under 
6000  or  7000  feet  the  effect  of  mountain  air  (which  is,  perhaps,  not  owing 
solely  to  lessened  pressure,  but  also,  possibly,  to  increased  light  and  pleasur- 
able excitement  of  the  senses)  is  to  cause  a  very  marked  improvement  in 
digestion,  sanguification,  and  in  nervous  and  muscular  vigour.  I  It  is  inferred 
that  tissue  change  is  accelerated,  but  nothing  definite  i»  known. 

The  rapid  evaporation  at  elevated  positions  is  certainly  a  most  important 
element  of  mountain  hygiene.  At  Puebla  and  at  Mexico  the  hygrometer  of 
Saussure  wiU  often  mark  37°,  which  is  equal  to  only  45*  per  cent  of  saturation 
( Jourdanet,  "  Du  Mexique,"  p.  49),  and  yet  the  lower  rooms  of  the  houses 
are  very  humid,  so  that,  in  the  town  of  Mexico,  there  are  really  two  climates, — 
one  very  moist,  in  the  rez-de-chauss4e  of  the  houses ;  one  very  dry,  in  the 
upper  rooons  and  the  outside  air. 

The  diminution  of  oxygen,  in  a  certain  cubic  space^  is  precisely  as  the 
pressure,  and  can  be  calculated  for  any  height,  if  the  barometer  is  noted. 
Taking  "dry  air  only,  a  cubic  foot  of  air  at  30  inches,  and  at  32**  Fahr.,  contains 
130*4  grains  of  oxygen.     An  ascent  (about  5000  feet)  which  reduces  the 

barometer  to  25  inches  will  lessen  this  Jth,  or  ( — =  1 108-6  grains. 

But  it  is  supposed  that  the  increased  number  of  respirations  compensate,  or 
more  so,  for  this ;  and,  in  addition,  it  must  be  remembered  that  in  experi- 
ments on  animals,  as  long  as  the  percentage  of  oxygen  did  not  sink  below  a 
certain  point  (14  per  cent.),  as  much  was  absorbed  into  the  blood  as  when  the 
oxygen  was  in  normal  proportion.  Jourdanet  has  indeed  asserted  ("Du 
Mexique,"  p.  76)  that  the  usual  notion  that  the  respirations  are  augmented  in 
number  in  the  inhabitants  of  high  lands  is  "  completely  erroneous ; "  that  the 
respirations  are  in  fact  lessened,  and  that  from  time  to  time  a  deeper  respira- 
tion is  vohintarily  made  as  a  partial  compensation.  But  Coindet,  from  1500 
observations  on  French  and  Mexicans,  does  not  confirm  this;  the  mean 
number  of  respirations  was  19*36  per  minute  for  the  French,  and  20*297  for 
the  Mexicans. 

As  a  curative  agent,  mountain  air  (that  is,  the  consequences  of  lessened 
pressure  chiefly)  ranks  very  high  in  all  anssmic  affections  from  whatever  cause 
(malaria,  hsemorrhage,  digestive  feebleness,  even  lead  and  mercury  poison- 
ing) ;  and  it  would  appear,  from  Hermann  Weber's  observations,  that  the 
existence  of  valvular  heart  disease  is;,  if  proper  rules  are  observed,  no  contra- 
indication against  the  lower  elevations  (2000  to  3000  feet).  Neuralgia,  gout, 
and  rheumatism  are  all  benefited  by  high  Alpine  positions  (H.  Weber). 
Scrofula  and  consumption  have  been  long  known  to  be  rare  among  the 
dwellers  on  high  lands,  and  the  curative  effect  on  these  diseases  of  such  places 
is  also  marked ;  but  it  is  possible  that  the  open  air  life  which  is  led  has  an 


The  beats  seem  to- augment  in  nnmber  with  the  elevation.  These  are  safer  numbers  than  those 
obtained  in  mountain  ascents,  as  there  is  no  physical  exertion.  In  mountain  climbing  the 
increase  is  much  greater 

*  Rattray  found  an  ascent  of  2000  feet  (at  Ascension)  lessened  the  "vital  capacity,"  as 
judged  of  by  the  spirometer,  from  266  to  249  and  243  cubic  inches. 

•^  Vivenot,  Virchow'siArchiv,  1860,  band  xix.  p.  492.    This  is  probable,  but  not  yet  proved, 

;  Hermann  Weber,  Climate  of  the  Swiss  Alps,  1864,  p.  17. 
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influence,  ais  it  is  now  known  that  great  elevation  ia  not  necesaaij  for  the  cnrd 
of  phtbieda.* 

Dr  Hermann  Weber,  in  bia  important  work  on  the  Swiss  Alps  (p.  22),  baa 
given  tbe  present  evidence,  and  has  shown  how  in  the  tme  Alpine  region — ^in 
Dauphin^  in  Peru  and  Meiico,  and  in  Germany — ^phthisis  is  decidedly 
averted  or  prevented  bj  high  altitodes. 

Althoogh  on  the  Alps  phthisis  is  arrested  in  strangers,  in  many  places  tbe 
Swiss  women  on  the  lower  heights  suffer  greatly  from  it ;  the  cause  is  a  social 
one ;  the  women  employed  in  making  embroidery  congregate  all  day  in  small, 
ill-ventilated,  low  rooms,  where  they  are  often  obliged  to  be  in  a  constrained 
position ;  their  food  is  poor  in  quahty.  Scrofula  is  very  common.  The  men 
who  live  an  open  air  life  are  exempt ;  therefore,  in  the  very  place  where 
strangers  are  getting  well  of  phthisis  the  natives  die  from  it — another  instance 
that  we  must  look  to  local  conditions  and  social  habits  for  the  great  cause  of 
phthisis.  It  would  even  seem  possible  that,  after  all,  it  is  not  indeed  elevation 
and  rarefaction  of  air,  but  simply  plenty  of  fresh  air  and  exercise,  which  are 
the  great  agents  in  the  cure  of  phthisis. 

Jourdanet,  who  differs  from  so  much  that  is  commonly  accepted  on  this 
point,  gives  additional  evidence  on  the  effect  of  elevation  on  phthisia  At 
Vera  Cruz  phthisis  is  common ;  at  Puebla  and  on  the  Mexican  heights,  it  is 
almost  absent  {&  pen  pr^  nulle). 

The  diseases  for  which  mountain  air  is  least  useful  are — ^rheumatism,  at  the 
lower  elevations  where  the  air  is  moist ;  above  this  rheumatism  is  improved ; 
and  chronic  inflammatory  affections  of  the  respiratory  organs  (?).  The 
*'  mountain  asthma  "  appears,  however,  from  Weber's  observations,  to  be  no 
specific  disease,  but  to  be  common  pulmonary  emphysema  following  chionic 
bronchiti& 

It  seems  likely  that  pneumonia,  pleurisy,  and  acute  bronchitis,  are  more 
common  in  higher  Alpine  regions  than  lower  down. 

Effects  of  increoBed  Pressure, — The  effects  of  increased  pressure  have  been 
noticed  in  persons  working  in  diving-beUs,  &c.,  or  in  those  submitted  to 
treatment  by  compressed  air.  (At  Lyons  and  at  Eeichenhallf  especially.) 
When  the  pressure  is  increased  to  from  1^  to  2  atmospheres,  l&e  pulse 
becomes  slower,  though  this  varies  in  individual  cases ;  the  mean  lessening 
is  10  beats  per  minute ;  the  respirations  are  slightly  lessened  (1  per  minute) ; 
evaporation  from  the  skin  and  lungs  is  said  to  be  lessened  (1) ;  fiiere  is  soma 
recession  of  blood  from  the  peripheral  parts ;  there  is  a  little  ringing  and 
sometimes  pain  in  the  ears ;  hearing  is  more  acute ;  the  urine  is  increased  in 
quantity ;  appetite  ia»increased ;  it  is  said  men  will  work  more  vigorously. 
When  the  pressure  is  much  greater  (two  or  three  atmospheres)  the  effects  are 
sometimes  very  marked ;  great  lowering  of  the  pulse,  heaviness,  headache, 
and  sometimes,  it  is  said,  deafness.  It  is  said]:  that  more,  oxygen  is  absorbed, 
and  that  the  venous  blood  is  as  red  as  the  arterial ;  the  skin  also  sometimes 
acts  more,  and  there  may  even  be  sweating.  The  main  effect  is  to  lessen  the 
quantity  of  blood  in  the  veins  and  auricles,  and  to  increase  it  in  the  arteries 
and  ventricles ;  the  filling  of  the  ventricle  during  the  relaxation  takes  place 

*  Some  time  ago  a  remarkable  paper  was  published  by  Dr  James  Blake  of  California  on  the 
treatment  of  phthisis  (Pacific  Medical  Journal,  1860).  He  adopted  the  plan  of  making  his 
patients  live  in  the  open  air ;  in  the  summer  months  he  made  them  sleep  out  without  any  tent : 
the  result  was  an  astonishing  improvement  in  digestion  and  sanguification  ;  the  resistance  to 
any  ill  effects  from  cold  and  wet  is  described  as  marvellous.  As  Dr  Blake  is  well  known  to  be 
perfectly  trustworthy,  these  statements  are  worthy  of  all  consideration. 

i-  For  an  account  of  the  effects  noted  at  Keichenhall,  see  Dr  Burdon  Sanderson's  account  ia 
Tbe  Practitioner,  No.  iv.  1868.  p.  221. 

;  Foley.    Du  Travail  dans  I'air  comprimfi,  Gas.  Hebdom,  1863,  No,  32. 
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more  slowly.  The  diastolic  interval  is  lengthened,  and  the  pulse  is  therefore 
Blower. 

When  the  workmen  leave  the  compressed  air  they  are  said  to  suffer  from 
hfemorrhages  and  occasional  nervous  affections,  which  may  be  from  cerebral 
or  spinal  haemorrhage.*  As  a  curative  agent  in  phthisis,  the  evidence  is  un- 
favourable. 

Some  observations  lately  made  by  M.  Bertt  show  that  oxygen,  when  it 
enters  the  blood  under  pressure  (such  as  that  given  by  17  atmospheres  of 
atmospheric  air,  or  3^  atmospheres  of  pure  oxygen),  is  toxic  to  birds,  produ- 
cing convulsions.  Convulsions  are  produced  in  dogs  when  the  pressure  is 
only  7  or  8  atmospheres,  and  when  the  oxygen  amounts  to  only  double  the 
normal  amount,  or,  in  other  words,  reaches  32  C.C.  per  100  C.C.  of  blood. 
M.  Bert  conjectures  that  the  toxic  influence  of  oxygen  is  on  the  nervous 
centres,  like  strychnine.  The  animal  temperature  fell  2  or  3  degrees  (C.) 
during  the  convulsions,  so  that  excess  of  oxygen  did  not  cause  increased  com- 
bustion. In  the  case  of  a  dog  kept  under  a  pressure  of  9^  atmospheres  for 
some  time,  gas  was  found  in  tiiie  ventral  cavity  and  in  the  areolar  tissue.  In 
man  the  pressure  of  only  5  atmospheres  appears  to  be  dangerous.  | 

l8  Acclimatisation  possible  9 

The  doctrine  of  acclimatisation  has  been  much  debated,  but  probably  we 
do  not  know  sufficiently  the  physiological  conditions  of  the  body  under 
different  circumstances.  In  the  case  of  Europeans  living  till  pubeoi^y  in  a 
temperate  region,  near  the  sea-level,  and  in  a  moist  climate  like  England,  and 
then  going  to  the  tropics,  the  question  of  acclimatiBation  would  be  put  in  this 
form, — ^Does  the  body  accommodate  itself  to  greater  heat,  to  lessened  humidity 
in  some  cases,  or  greater  in  others,  and  to  varying  altitudes ) 

There  can  be  little  doubt  that  the  body  does  accommodate  itself  within 
certain  limits  to  greater  heat,  as  we  have  seen  that  the  lungs  act  less,  the  skin 
more,  and  that  the  circulation  lessens  when  Englishmen  pass  into  the  tropics. 
There  is  so  far  an  accoiomodation  or  alteration  impressed  on  the  functions  of 
the  body  by  unwonted  heat.  And  we  may  believe  that  this  effect  is 
permanent,  t.e.,  that  the  lungs  continue  to  act  less,  and  the  skin  more,  as  long 
as  the  Europeans  remain  in  the  tropics.  Doubtless,  if  the  race  were  perpetu- 
ated in  the  tropics^  succeeding  generations  would  show  fixed  alterations  in 
these  organs. 

We  may  conclude  that  the  converse  holds  true,  and  that  the  cold  of  tem- 
perate regions  will  influence  natives  of  the  tropics  in  an  opposite  way,  and 
this  seems  to  be  rendered  likely  by  the  way  in  which  lung  affections  arise  in 
many  of  them. 

We  may  admit  there  is  an  acclimatisation  in  this  sense,  but  in  no  other. 
The  usual  belief  that  the  constitution  acquires  in  some  way  a  power  of  resist- 
ing unhealthy  influences — ^that  is,  a  power  of  not  being  any  longer  susceptible 
to  them — ^is  not  supported,  as  far  as  I  can  see,  by  any  evidence.  The  lungs 
in  Europeans  will  not  regain  their  weight  and  amount  of  action  in  the  tropics ; 
a  change  to  a  cold  climate  only  will  cause  this ;  the  skin  retains  its  increased 
function  until  the  cause  producing  it  is  removed.     So  also  there  is  no 

*  See  Limousin  in  Canatatt,  1863,  band  iL  p.  105,  and  Babington  in  Dublin  Quarterly 
Journal,  Nov.  1864. 

+  Chemical  News,  March  28, 1873. 

^  In  the  colliery  accident  at  Pont-y-Prydd,  several  men  were  confined  for  ten  days  in  a 
smaU  space,  in  which  the  air  was  much  compressed.  1^  exact  pressure  is  unknown,  but  it 
was  sufficient  to  drive  one  of  the  men,  with  fatal  force,  into  the  opening  made  for  their  rescue. 
Although  the  men  were  without  food  all  the  time  they  appeared  to  nave  suffered  less  than 
might  have  been  anticipated* 
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acclimatiBation  in  any  sense  of  the  word  for  malaria.  It  would  seem  desirable 
to  discontinue  the  use  of  a  term  which  has  had  several  meanings,  and  to 
replace  Acclimatisation  by  the  word  Accommodation. 

SECTION  V. 
COMPOSITION  OF  THE  AIR. 

The  proportionate  amounts  of  oxygen  and  nitrogen  remain  very  constant  in 
all  countries,  and  the  range  of  variation  is  not  great. 

So  also,  apart  from  the  habitations  of  men,  the  amount  of  carbonic  acid  is 
(at  elevations  occupied  by  men)  constant  The  variations  in  watery  vapour 
have  been  already  noticed. 

The  only  alterations  in  the  composition  of  the  air  which  come  under  the 
head  of  climate,  are  changes  in  the  state  in  which  oxygen  exists  (for  no  change 
is  known  to  occur  in  nitrogen),  and  the  presence  of  impurities. 

Sub-Sbotion  L — OZONB. 

Ozone  is  now  admitted  by  most  chemists  to  be  an  aUotropic  condition  of 
oxygen ;  and,  as  conjectured  by  Odling,  it  is  now  believed  that  it  is  a  com- 
pound molecule  made  up  of  three  molecules  (OgO)  of  oxygen.  The  so-called 
antozone  is  now  believed  to  be  peroxide  of  hydrogen  diffused  in  a  lai^e  quan- 
tity of  atmospheric  air.  Variations  in  the  amount  of  ozone  have  been  sup- 
posed to  be  a  cause  of  climatic  difference,  but,  in  spite  of  all  the  labour  which 
has  been  given  to  this  subject,  the  evidence  is  very  unconclusive.  The  reac- 
tion with  the  ozone  paper  is  liable  to  great  fallacies*  (see  Mbteorologt). 
Yet  it  seems  clear  that  some  points  are  made  out ;  the  ozonic  reaction  is  greater 
in  pure  than  impure  air ;  greater  at  the  sea-side  than  in  the  interior ;  greater 
in  mountain  air  than  in  the  plains ;  absent  in  the  centre  of  large  towns,  yet 
present  in  the  suburbs ;  absent  in  an  hospital  ward,  yet  present  in  the  air 
outside.  In  this  country  it  is  greater  with  south  and  west] winds;  greater, 
according  to  Moffat,  when  the  mean  daily  temperature  and  the  dew-point  tem- 
perature are  above  the  mean ;  the  aame  observer  found  it  in  increas^  quantity 
with  decreasing  readings  of  the  barometer,  and  conversely  in  lessened  quantity 
with  increasing  readings. 

The  imperfections  in  the  test  render  it  desirable  to  avoid  drawing  conclu- 
sions at  present ;  but  one  or  two  points  must  be  adverted  to. 

1.  Owing  probably  to  the  oxidising  power  of  ozone  when  prepared  in  the 
laboratory,  a  great  power  of  destruction  of  organic  matter  floating  in  the  air 
has  been  ascribed  to  ozone  by  Schonbein,  and  the  absence  of  ozone  in  the  air 
has  been  attributed  by  others  to  the  amount  of  organic  matter  in  the  air  of 
towns.  Even  the  cessation  of  epidemics  (of  cholera,  malarious  fevers)  has 
been  ascribed  to  currents  of  air  bringing  ozone  with  them.     The  accumula- 

♦  The  subject  of  ozone  wiU  be  found  foUy  discussed  by  Dr  C.  Fox  (Ozone  and  Antoaooe, 
1873).  The  causes  of  faUacy  in  the  tests  are  carefully  explained.  Admittin(|[  the  uncertainties 
of  the  subject,  and  doubting  whether  ozone  has  been  shown  to  play  any  part  m  aiding  or  avert- 
ing epidemic  diseases,  Dr  Fox  yet  concludes  that  ozone  u  an  agent  of  great  importance  in 
nature ;  that  it  decomposes  some  of  the  offensive  products  of  putrefaction  ;  and,  as  it  exists 
naturally  in  the  air,  we  may  infer  that  the  consumption  or  non-existence  of  ozone  may  contri- 
bute to  the  formation  of  an  unhealthy  atmosphere  (p.  168).  Dr  Fox  adopts  the  view  that 
ozone  is  made  up  of  three  atoms  of  oxygen,  and  that  its  formula  is  0^0 =48.  Antozone  he 
considers  to  be  peroxide  of  hydrogen  the  mixing  of  which  with  ozone  would  cause  the  follow- 
ing change : 

OjO  -I-  H,Oj-  H,0  -f  20, 

One  molecule  of  water  and  two  of  oxygen,  in  the  form  in  which  we  are  acquainted  with  it  in 
separate  state. 
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tion  of  malaria  at  night  has  been  ascribed  to  the  non-pioduction  of  ozoda  by 
the  sun's  rays  (Uhle.)  The  effect  of  stagnant  air  in  increasing  epidemics  has 
also  been  ascribed  to  the  absence  of  ozone. 

It  seems  clear  that  the  substance  giving  the  reaction  of  ozone  is  neither 
deficient  in  marshy  districts^  nor  when  ozone  is  conducted  through  marsh  dew 
does  it  destroy  the  organic  matter.*  Is  there  any  experimental  proof  that  it 
acts  on  the  organic  impurities  of  respiration  1  I  have  been  able  to  find  none 
recorded,  except  the  fact  already  noticed,  that  the  reaction  is  least  in  impure 
air. 

2.  On  account  of  the  irritating  effect  of  ozone,  when  nsing  from  an 
electrode,  Schdnbein  believed  it  had  the  power  of  causing  catarrh,  and  inferred 
that  epidemics  of  influenza  might  be  produced  by  it.  He  attempted  to 
adduce  evidence,  but  at  present  it  may  safely  be  said  that  there  is  no  proof 
of  such  an  origin  of  epidemic  catarrhs. 

3.  A  popular  opinion  is,  that  a  climate  in  which  there  is  much  ozone  (t.e., 
of  the  substance  giving  the  reaction  with  iodide  and  starch  paper)  is  a  healthy, 
and,  to  use  a  common  phrase,  an  exciting  one.  The  coincidence  of  excess  of 
this  reaction  with  pure  air  lends  some  support  to  this,  but,  like  the  former 
opinions,  it  still  wants  a  sufficient  experimental  basis. 

On  the  whole,  the  subject  of  the  presence  and  effects  of  ozone,  curious  and 
interesting  as  it  is,  is  very  uncertain  at  present;  experiments  must  be 
numerous,  and  inferences  drawn  from  them  must  be  received  with  caution. 

Sub-Sbotion  n. — Malaria. 

The  most  important  organic  impurity  of  the  atmosphere  is  malaria  (for  Air 
of  Marshes,  see  page  111),  and  when  a  climate  is  called  "  unhealthy,''  in  many 
cases  it  is  simply  meant  that  it  is  malarious.  In  the  chapters  on  Soils  and 
Ant  the  most  important  hygienic  facts  connected  with  malaria  have  been 
noted.  In  this  place  it  only  remains  to  note  one  or  two  of  the  climatic  points 
associated  with  malaria. 

1.  Vertical  Ascent, — ^A  marsh  or  malarious  tract  of  country  existing  at  any 
point,  what  altitude  gives  immunity  from  the  malaria,  supposing  there  is  no 
drifting  up  ravines  ?  It  is  well  known  that  even  a  slight  elevation  lessens 
danger — a  few  feet  even,  in  many  cases,  but  complete  security  is  only  obtained 
at  greater  heights.  Low  elevations  of  200  to  300  feet  are  often,  indeed,  more 
malarious  than  lower  lands,  as  if  the  malaria  chiefly  floated  up. 

At  present  the  elevation  of  perfect  security  iq  different  parts  of  the  world 
is  not  certainly  determined,  but  appears  to  be — 


Italy,     . 

.     400  to   500feet.t 

America  (Appalachia), 

3000    „ 

Calif OEDia,!    . 

.       1000    „ 

India,     . 

.  2000  to  3000    „ 

West  Indies, 

.  1400  „  1800  up  to  2200  feet 

But  these  numbers  are  so  far'  uncertain  that  it  has  not  always  been  seen 
that  the  question  is  not,  whether  marshes  can  exist  at  these  elevations  (we 
know  they  can  be  active  at  6000  feet),  but  whether  the  emanations  from  a 

*  In  addition  to  what  has  "been  previously  said  (p.  112),  Grellois  has  lately  stated  that  he 
found  more  ozone  over  a  marsh  than  elsewhere.  An  interesting  series  of  observations  on  ozone 
in  the  Bombay  Presidency  has  been  made  by  Dr  Cook,  and,  if  continued,  will  probably  give  us 
some  reliable  data  in  a  few  years. 

f  Carri^re,  quoted  by  Levy,  t  i.  p.  491. 

"X,  This  information  was  given  me  by  my  friend  Dr  James  Blake. 
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marsli  will  ascend  that  height  without  drifting  up  ravines  ^    1  cannot  help 
suspecting  that  1000  to  1200  feet  would  generally  give  security. 

2.  Horizontal  Spread. — In  a  calm  air  Levy*  has  supposed  that  the  malaria 
will  spread  until  it  occupies  a  cuhe  of  1400  to  2000  feet^  which  is  equivalent 
to  saying  it  will  spread  700  to  1000  feet  horizontally  from  the  central  point 
of  the  marsh.  But  currents  of  air  take  it  great  distances,  though  the  best 
observations  show  that  these  distances  are  less  than  were  supposed,  and  seldom 
overpass  one  or  two  miles,  unless  the  air-<;urrents  are  rapid  and  strong.  The 
precise  limits  are  unknown,  but  it  is  very  doubtful  if  the  belief  in  trans- 
ference of  malaria  by  air-currents  for  10,  20,  or  even  100  miles,  is  correct. 

3.  Spread  aoer  Water, — ^The  few  precise  observations  show  that  this  differs 
in  different  countries.  In  the  Channel,  between  Beveland  and  Walcheren^ 
3000  feet  of  water  stopped  it  (Blane).  In  China  and  the  West  Indies  a 
farther  distance  is  necessary.  In  China  three^uarters  of  a  mile  has  been 
effectual;!  in  the  West  Indies  one  mile.  Grant  thinks  salt  water  more 
efficacious  than  fresh. 

SECTION  VL 

ELECTRICAL  CONDITION— LIGHT. 

That  these,  as  well  as  heat,  are  important  parts  of  that  complex  agency  we 
call  Climate,  seems  clear;  but  little  can  be  said  on  the  point.  In  hot 
countries  positive  electricity  is  more  abundant ;  but  the  effect  of  its  amount 
and  vau'iation  on  health  and  on  the  spread  and  intensity  of  diseases  is  quite 
unknown.  All  that  has  been  ascribed  to  it  is  pure  speculation^  The  only 
certain  fact  seems  to  me  that  the  spread  of  cholera  is  not  influenced  by  it. 

With  regard  to  light,  the  physiological  doctrine  of  the  necessity  of  light  for 
growth  and  perfect  nutrition  makes  us  feel  sure  that  this  is  an  important 
X)art  of  climate,  but  no  positive  facts  are  known. 


♦  T.  i.  p.  464. 

t  Grant  (quoted  by  Chevers),  Indian  Annals,  1859,  p.  636. 
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DESCRIPTION   OF  THE  METEOROLOGICAL   INSTRTTMENTS, 
AND  A  FEW  REMARKS  ON  METEOROLOGY. 

As  meteorological  ol)6eTyatioii8  are  now  so  commonly  made,  and  as  in  the 
army  instruments  are  provided  at  many  stations,  it  is  desirable  to  give  a  few 
plain  instructions  on  the  use  of  these  instruments.*  For  the  convenience  of 
"beginners,  also,  I  have  made  a  few  observations  on  Meteorology. 

*  The  following  is  the  ofBdal  drcnlar  issued  by  the  Anny  Department :— 

Qffieial  Instruetions  for  Reading  the  Meteorological  Inatruments. 

The  observer  should  make  himself  thoroup^hly  acquainted  with  the  scale  of  every  instmment, 
especially  with  that  of  the  barometer  and  its  attached  vernier,  and  by  frequent  comparisons 
ascertain  that  he  and  his  depnty.read  the  instruments  alike,  and  record  the  observations  accu- 
rately. 

All  observations  must  be  recorded  exactly  as  read.  The  oonections  are  to  be  made  only  at 
the  end  of  each  month  on  the  "  means  "  of  the  "sums." 

Barometrical  observations  must  be  recorded  to  the  third  decimal  place ;  thermometrical  to 
the  first  decimal.  When  the  readings  are  exactly  to  the  inch  or  degree,  the  places  for  the  deci- 
mals must  be  filled  up  with  ciphers. 

The  observations  snould  be  made  as  quickly  as  possible,  consistent  with  perfect  accuracy, 
and  the  observer  must  avoid  breathing  on  the  instruments,  particularly  the  dry  and  wet  bulb, 
and  maximum  thermometers. 

Barometer  Readings. — Note  the  temperature  of  attached  thermometers  in  degrees  only  ;  bj 
means  of  the  thumb-screw  at  the  bottom  ac^nst  the  mercury  in  the  cistern  to  its  proper  leveli 
the  point  of  the  ivorv  cone,  which  should  just  touch  the  mercury  without  breaking  the  surface ; 
then  bring  the  zero  line  of  the  vernier  to  the  level  of  the  apex  of  column  of  the  mercmy,  and 
read  off  in  the  manner  described  at  pages  15  and  16  of  Sir  H.  James's  Book  of  Instructions.* 

Thermometer  Readinga, — ^The  scales  are  divided  to  degrees  only,  but  these  are  so  open  that 
the  readings  can  be  determined  to  the  tenth  of  a  degree.  Practice  and  attention  will  insure 
accuracy. 

Maximum  Thermometer  in  Shade. — ^The  maximum  thermometer  must  be  hun?  at  such  a 
dSfltance  (2  or  8  inches)  from  the  water  vessel  of  the  wet-bulb  thermometer,  that  its  readings 
may  not  be  affected  by  evaporation. 

In  hanging  the  maximum,  care  must  be  taken  that  the  end  of  the  tube  is  slightly  inclined 
down/wamsy  which  will  have  tiiie  effect  of  assisting  in  preventing  the  return  of  an^  portion  of 
the  column  of  mercury  into  the  bulb  on  a  decrease  of  temperature.  To  read  the  instrument, 
gently  elevate  the  end  furthest  from  the  bulb  to  an  angle  of  about  45^  in  which  position  of  the 
instrument  note  the  reading.  To  reset  the  thermometer,  a  gentle  shake  or  swing,  or  a  tap  on 
the  wooden  frame  of  the  instrument,  will  cause  the  excess  of  mercury  to  return  to  the  bulb, 
and  it  is  again  ready  for  use. 

Maavnum  in  Sun's  Ray's,  ortheVacuum  Solar  Radiation  TheHnometer.^Bein^  constructed 
on  the  same  principle  as  the  last  mentioned  instrument,  it  must  be  read  in  a  similar  position. 
After  completing  the  reading,  by  giving  the  instrument  a  sliffht  shake,  with  the  bulb  still 
inclined  downwuds,  the  excess  of  mercury  will  return  to  the  oulb,  and  the  thermometer  be 
ready  for  the  next  observation. 

Minimum  Thermometer  in  Shade. — The  minimum  thennometer  must  be  so  hung  that  the 
bulb  may  be  about  one  inch  lotoer  than  the  other  extremity  of  the  instrument,  because  in  this 
position  the  index  is  less  likely  to  be  affected  by  a  rise  in  temperature. 

The  extremity  of  tiie  index  furthest  from  the  bulb  shows  the  lowest  degree  to  which  the 
spirit  has  fallen  since  the  last  observation.  The  reading  on  the  scale  corresponding  to  this  is 
the  temperature  to  be  recorded.  Then,  bjr  elevating  the  bulb,  the  index  will  float  towards  the 
end  of  the  spirit.    When  it  has  nearly  arrived  at  that  point,  tne  instrument  is  re-set. 

Minimum  on  Orass,  Terrestrial  Radiation  Thermometer  is  constructed  like  the  last,  and  the 
directions  above  given  are  also  applicable  to  it. 

*  For  these  are  now  ■nbstitatetl  **  hKmctlnns  in  the  nse  nf  Meteorological  Instnunents,'*  by  R.  H.  Seotfc, 
MA.,  YAS^  1876.   Tbe  Harometer  omrectieiit  are  explulned  Mt  pik  SO,  SL 
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SECTION  L 
THERMOMETEBS  FOR  TAKING  THE  TEMPERATURE  OF  THE  AIR. 

Maximum  ThermomderB. 

Two  mftYiTTinm  thermometers  are  issued — one  to  observe  the  greatest  heat 
in  the  sun,  the  other  in  the  shade. 

The  Bun  Maximum  or  "  Solar  Radiaiion  Thermometer  "  is  formed  by  a 
glass  case  (from  which  the  air  is  removed),  containing  a  mercurial  thermometer 
with  a  blackened  bulb.  The  case  shelters  from  currents  of  air  ;  the  black 
bulb  absorbs  the  sun's  rays.  The  tube  of  the  thennometer  is  slightly  bent 
near  the  bulb,  and  a  piece  of  porcelain  is  inserted  which  narrows  the  tub& 
The  effect  of  this  is  to  make  the  thermometer  self-registering,  as,  after  the 
mercury  has  expanded  to  its  fullest  extent,  instead  of  retiring  into  the  bulb 
on  cooling,  it  is  stopped  by  the  porcelain,  and  the  mercury  breaks  between 
the  porcelain  and  the  bulb.  The  instrument  is  placed  at  a  height  of  four  feet 
from  the  ground  on  wooden  supports,  and  in  any  place  where  the  sun's  rays 
can  freely  fall  on  it. 

The  Shade  Maximum  is  a  mercurial  thermometer,  not  inclosed  in  a  case  but 
mounted  on  a  frame.  Its  construction  and  manner  of  reading  are  otherwiee 
similar  to  those  of  the  sun  thermometer. 

It  is  placed  in  the  shade  four  feet  above  the  ground,  and  sufficiently  far 
from  any  walls  to  be  unaffected  by  radiation.  It  should  be  freely  exposed  to 
air,  but  perfectly  protected  from  the  sun's  rays. 

After  reading  and  re-setting  the  self-registering  thermometers,  comparethem  with  the  dry- 
bulb  thermometer  in  order  to  ascertain  that  their  readings  are  nearly  the  same. 

Dry  and  Wet-Bulb  Therrrumietera.-^^rm^  the  eye  on  a  level  with  the  top  of  the  mercury  in 
the  tube  of  the  dry-bulb  thermometer,  and  take  the  reading,  then  complete  the  observation  by 
noting  in  like  manner  the  reading  of  the  wet-bulb  thermometer. 

The  temperature  of  the  air  is  given  by  the  former,  that  of  evaporation  by  the  latter.  From 
these  data  the  hygrometrical  results  are  to  be  calculated  by  Gkisher's  Tables,  3d  edition.* 

BaifirOauge  and  Measure.— Vova  the  contents  of  the  gauge  into  any  convenient  vessel  with 
a  lip,  and  from  this  into  the  glass  measure,  which  has  been  graduated  especiaUy  for  the  gauge, 
and  is  only  to  be  used  in  measuring  its  contents.    It  is  gnidnated  to  the  hundredths  of  an 

inch.  « 

AjiffrMmiien—Hh^  dials  are  read  ftom  left  to  risht  The  first  on  the  left  records  hundreds 
of  miles,  the  second  tens,  ttue  third  miles,  the  fourth  tenths  of  a  mUe,  and  the  fifth  hundndtha 
of  a  mile. 

The  reading  of  the  anemometer  is  obtamed  by  deducting  from  the  amount  registered  by  the 
dials  the  total  sum  registered  at  the  period  of  the  preceding  observation.  The  difference  be- 
tween those  (subject  to  a  small  correction)  indicates  the  velodty  or  horizontal  movement  of  the 
air  in  miles  during  the  inten'al,  and  must  be  entered  in  th6  return.  "When  the  instrument  is 
first  set  up,  the  reading  on  the  dials  must  be  noted,  in  order  that  it  may  be  deducted  from  the 
total  registered  by  the  dials  at  the  end  of  the  first  period  of  observation. 

In  making  observalions  on  the  presence  of  osone,  a  box  has  been  found  to  be  nnneoessaryy 
equally  satisfactory  results  having  been  obtained  by  fixing  the  paper  immediately  under  the 
penthouse  of  the  stand,  which  shelters  it  sufficiently  from  a  strong  Hght,  while  it  secures 
proper  exposure. 


may 

tube,  condenses  at  the  upoer  end.  The  first-mentioned  errora  are  corrected  by  taking  tie  ther^ 
mometer  in  the  hand,  witn  its  bulb  downwards,  and  giving  it  a  swing  up  and  down.  TTie 
second  is  remedied  by  the  inclined  position  of  the  instrument,  which  allows  the  condensed 
spirit  to  trickle  back  to  the  main  column.+ 

N.B.^-On  no  account  whatever  is  artificial  heat  to  be  applied  to  a  spirit  thennometer.    In 
re-setting  the  minimum,  the  index  should  never  be  brought  quite  to  the  end  of  the  column  of 

spirit. 

■— ■  ■  ■      ■'     ■■    II  ■  ■■ 

•  A  6th  edition  is  now  pnblished. 

t  It  is  generally  necesMury  to  swing  the  Instroment  to  get  bade  the  broken  portion  of  the  oolnmn. 
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Minimum  Themuymetera, 

Two  minimum  theimometers  are  supplied. 

The  Shade  Minimum  is  an  alcoholic  tJiermometer  with  a  small  index  in  the 
alcohoL  It  is  set  by  shaking  the  index  nearly  to  the  end  of  the  spirit ;  as  the 
spirit  contracts  during  cold  it  carries  the  index  down ;  when  it  expands  again 
it  cannot  move  the  index,  but  leaves  it  at  the  degree  of  greatest  cold  The 
end  of  the  index  farthest  from  the  bulb  is  the  point  to  read 

This  thermometer  is  placed  in  the  shade  four  feet  above  ground,  under  the 
same  conditions  as  the  former. 

The  Grass  Minimum  or  "  Terrestrial  Radiation  Thermometer  "  is  a  ther- 
mometer of  the  same  kind,  but  protected  by  a  glass  shield  It  is  placeil 
almost  close  to  the  ground  on  grass,  suspended  on  little  tripods  of  wood,  but 
it  should  not  touch  the  ground ;  it  is  intended  to  indicate  the  amount  of  cool- 
ing produced  by  radiation  from  the  ground  If  snow  lies  on  the  ground  the 
bulb  should  be  placed  in  the  snow.  Scott  ("  Instructions,  &c")  recommends 
a  black  board  on  which  to  lay  the  thermometer,  in  preference  to  grass. ''^ 

Common  Tliermomete}: 

The  dry  bulb  of  the  "  wet  and  dry  bulb  thermometer  "  is  read  as  a  common 
thermometer. 

Reading  of  the  Thermometers. 

All  these  thermometers  can  be  read  to  tenths  of  a  degree.  The  maximum 
and  TpiTiimiiTn  thermometers  are  read  once  a  day,  usually  at  9  a.m.  ;  the  former 
marks  the  highest  point  reached  on  the  previous  afternoon,  and  must  be  so 
entered  on  the  return ;  the  latter,  the  lowest  point  reached  on  the  same 
morning,  t  For  the  army  returns  the  common  thermometer  is  read  twice  a 
day,  at  9  A.H.  and  3  p.m. 

Range  of  the  Temperature. — ^The  maximum  and  minimum  in  shade  give 
most  important  climate  indcations ;  the  difference  between  them  on  the  same 
day  constitutes  the  range  of  the  diurnal  fluctuation.  The  range  is  expressed 
in  several  ways. 

The  extreme  daily  range  in  the  month  or  year  is  the  difference  between  the 
Tn^tYimnni  and  minimum  thermometer  on  any  one  day. 

The  extremely  monthly  or  annual  range  is  the  difference  between  the 
greatest  and  least  height  in  the  mean  of  month  ^or  year,  as  compared  with 
another. 

The  mean  monthly  range  is  the  daQy  ranges  added  and  divided  by  the 
number  of  days  in  a  month. 

The  mean  yearly  range  is  the  monthly  ranges  added  and  divided  by  12. 

Mean  Temperature. — The  mean  temperature  of  the  day  is  obtained  in  the 
following  ways : — 

(a)  At  Greenwich  and  other  observatories,  where  by  means  of  photography 
the  height  of  the  thermometer  at  every  moment  of  the  day  is  registered,  the 
mean  of  the  hourly  readings  is  taken.  This  has  been  found  to  accord  with 
tbe  absolute  mean  (found  by  taking  the  mean  of  the  whole  curve)  to  within 
^th  of  a  degree. 

(6)  Approximately  in  several  ways.     Taking  the  mean  of  the  shade 

" '  '  '  . 

*'  Great  difficulty  is  found  with  snirit  thennometers  on  account  of  their  being  so  much  less 
sensitive  than  mercurial.  To  remeay  this  the  bulb  is  sometimes  made  fork-shaped,  or  other- 
wise modified  so  as  to  expose  as  large  a  surface  as  possible. 

t  It  would  be  desirable  that  the  wennometer  should  be  read  both  morning  and  evening.  In 
winter  the  maximum  sometimes  occurs  in  the  early  morning  and  the  minimum  in  the  after- 
noon.   In  winter  the  range  depends  more  on  the  wind  than  ou  the  time  of  day  (Scott). 
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maxinmm  and  TniTiiTnnm  of  the  same  day.  In  this  country,  dnring  the  cold 
months  (Decemher  and  January),  the  result  is  very  close  to  the  truth ;  but  as 
the  temperature  increases,  a  greater  and  greater  error  is  produced,  until  in 
July  the  mean  monthly  error  is  + 1'''9  Fahr.,  and  in  some  hot  days  is  much 
greater.  In  the  tropics,  the  mean  of  the  maximnm  and  minimum  must  give 
a  result  still  further  from  the  truth. 

Monthly  corrections  can  be  applied  to  bring  these  means  nearer  the  truth. 
Mr  Glaisher's  correction  for  this  country  is  as  follows :— r 

Subtract  from  the  monthly  mean  of  the  maximum  and  minimum — 


January,    0*2 

May, 

1-7 

September,  1*3 

February,  0*4 

June, 

1-8 

October,       1  -0 

March,       10 

July, 

1-9 

November,  0*4 

April,         1*5 

August^ 

1-7 

December,  0*0 

The  result  is  the  approximate  mean  temperature.  But  this  is  true  only  for 
this  country.* 

In  a  great  number  of  places  the  mean  temperature  of  the  day  and  year,  as 
stated  in  books,  is  derived  solely  from  the  mean  of  the  maximum  and 
TniTn'TniiTTi.  According  to  Scott,  the  approximation  to  the  true  mean  is  very 
close  in  most  parts  of  the  world,  especially  if  the  observations  be  taken  as 
near  the  end  of  the  period  as  possible,  near  midnight,  for  instance,  for  the 
mean  of  the  civil  day  of  twenty-four  hours. 

The  approximate  mean  temperature  may  also  be  obtained  by  takin^; 
observations  at  certain  times  during  the  day,  and  applying  a  correction.  Mr 
Glaisher  has  given  some  very  valuable  tables  of  this  kind,t  which  can  be 
consulted,  t 

If  the  temperature  be  taken  twice  a  day,  at  homonymous  hours,  such  as  9 
▲.M.  and  9  p.m.,  the  mean  of  these  does  not  differ  much  from  the  true  daily 
mean  (Scott). 

The  nearest  approach  to  the  mean  temperature  of  the  day  by  a  single 
observation  is  given  at  from  8  to  9  p.m.  ;  the  next  is  in  the  morning — about 
8  o'clock  in  July  and  10  in  December  and  January. 

The  nearest  approach  to  the  mean  annual  temperature  is  given  by  the 
mean  of  the  month  of  October.  Observations  made  from  a  week  before  to  a 
week  after  the  24th  April,  and  again  in  the  corresponding  weeks  of  October, 
give  a  certain  approximation  to  the  yearly  mean  temperature  (Herschal, 
«  Meteorology,"  p.  180). 

The  changes  in  temperature  of  any  place,  during  the  day  or  year,  are  either 
periodic  or  non-periodic.  The  former  are  dependent  on  day  and  nighty  and 
on  the  seasons,  t.^.,  on  the  position  of  the  place  with  respect  to  the  sun.     The 


*  These  numbers  of  Mr  Olaisber  are  likely  to  be  modified  very  considerably  by  the  obserra- 

ons  of  the  Astronomer-Boval,  about  to  be  published. 

f  On  the  Ck)rrection8  to  be  applied  to  Meteorological  Observations  for  Diurnal  Range,  pre- 


tions  of  the  Astronomer-Boval,  about  to  be  published. 

to  be  applied  to  Meteorological  ut)servations  for  Ufurnal  Kange,  pi 
pared  by  the  Council  of  the  Britisii  Meteorological  SiKiety,  1850.   These  corrections  are  appuea- 


ble  only  to  this  country. 

X  The  foUowing  rulee,  whioh  are  applicable  in  all  jiarts  of  the  world,  are  given  by  Hen- 
chel : — ♦ 

If  ubservations  are  taken  three  times  daily— at  7  A.M.,  2  p.m.,  and  9  P.M., — ^hours  which  we 
may  denote  by  t,  f,  and  f* ;  then 

t+f+2f 

1 --mean  temperature  of  dny. 

If  the  hours  are  8  a.m.,  8  p.m.,  and  10  p.m.,  the  formula  is — 

7t-{'7e+lOtr 

2l —mean  of  day. 


^Meteorology  p.  178. 
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periodic  changes  are  sometmiee  termed  fluctuations,  and  the  differences 
between  day  and  night  temperatures,  or  the  temperatures  of  the  hottest  and 
coldest  months,  are  often  called  the  amplitudes  of  the  daily  or  yearly  fluctua- 
tions. 

The  non-periodic  changes  are  dependent  chiefly  on  shifting  winds,  and  may 
either  augment  or  lessen  the  periodic  changes.  They  are  sometimes  termed 
undulations.  The  thermometer  makes,  of  course,  no  distinction  between 
these  two  causes  of  change,  but  the  observer  should  distinguish  them  if 
possible. 

Daily  Periodic  Changes. — On  land  the  temperature  of  the  air  is  at  its 
lowest  about  3  o'clock  a.m.,  or  just  before  sunrise,  and  at  its  maximum  about 
2  o'clock  P.M. ;  it  then  falls  nearly  regularly  to  3  o'clock  a.m.  At  sea,  the 
maximum  is  nearly  an  hour  later. 

The  amount  of  diurnal  periodic  change  is  greater  on  land  than  on  water ;  in 
the  interior  of  continents  than  by  the  searside ;  in  elevated  districts  than  at 
sea-leveL  As  far  as  land  is  concerned,  it  is  least  on  the  sea-coast  of  tropical 
islands,  as  at  Kingston  in  Jamaica,  Colombo  in  Ceylon,  Singapore,  &c. 

Yearly  Periodic  Changes. — ^In  the  northern  hemisphere,  fiie  coldest  month 
is  usually  January ;  in  some  parts  of  Canada  it  S&  February.  On  the  sea,  the 
coldest  month  is  later,  viz.,  March.  The  hottest  fmonth  is  in  most  places 
July,  in  some  few  August ;  on  the  sea  it  is  always  August.  The  coldest  days 
in  this  country  are  towards  the  21st  January;  the  hottest,  about  the  18th  to 
the  21st  July.  At  Toronto  the  hottest  day  is  37  days  after  the  summer 
solstice ;  and  the  coldest,  55  days  after  the  winter  solstice. 

It  is  thus  seen  that  both  for  the  diurnal  and  annual  alterations  of  heat  the 
greatest  heat  is  not  simultaneous  with,  but  is  after,  the  culmination  of  the 
sun ;  this  is  owing  to  the  slow  absorption  of  heat  by  the  earth. 

IJie  amplitude  of  the  yearly  fluctuation  is  greater  on  land  than  sea,  and  is 
augumented  by  land,  so  that  it  reaches  its  highest  point  in  the  interior  of 
great  extra-tropical  continents. 

It  increases  towards  the  pole  for  three  reasons, — 

1.  The  geographical  fluctuation  of  the  earth's  position  causes  a  great  yearly 
difference  of  the  angle  with  which  the  sun's  rays  fall  on  the  earth. 

2.  The  duration  of  incidence  of  the  sun's  rays  (i.e.,  the  number  of  hours  of 
sunshine  or  shade)  have  greater  yearly  differences  than  in  the  tropics. 

3.  In  the  northern  hemisphere  especially  there  is  a  very  great  extent  of 
land,  which  increases  radiation. 

The  amplitude  of  the  yearly  fluctuation  is  very  small  in  the  tropical  lands 
at  sea-leveL  At  Singapore,  it  is  only  3° -6  Fahr.  (Jan.  78° -8,  July  82** -4), 
while  it  is  immense  on  continents  near  the  pole.  At  Jakoutsk,  in  North 
Asia,  it  is  112'' '5  (January  -  44** '6  and  July  +  68**).  All  fluctuations  depend 
to  a  large  extent  upon  the  distance  from  the  sea,  although  local  causes  may 
have  some  influence,  such  as  the  vicinity  of  high  lands. 

In  any  place  there  may  be  great  undulations  and  small  fluctuations,  or 
great  changes  in  each  way.  At  Brussels,  the  greatest  possible  j^early  undula- 
tion is  90°.  In  some  parts  of  Canada,  immense  undulations  sometimes  occur 
in  a  day,  the  thermometer  ranging  even  50°  to  70**  in  one  day. 

The  hot  winds  of  the  rainless  deserts  have  long  puzzled  meteorologists  ; 
they  often  cause  enormous  undulations,  50°  to  as  much  as  78°  Fahr. 

T&mperaJture  of  the  Air  of  any  place. 

This  depends  on  the  following  conditions  : — 

1.  Chographical  posHion  aa  influencing  the  amount  and  duration  of  sun's 
rays  which  are  received.— rThe  nearer  the  equator  the  hotter.     For  23^°  on 

2v 
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either  side  the  equator  the  sun's  rays  are  vertical  at  one  period  of  the  year, 
and  are  never  more  oblique  than  47°.  The  mean  yearly  temperature  of  the 
equator  is  82**  Fahr. ;  of  the  pole  about  2°  "6  Fahr.  The  decline  from  the 
equator  to  the  pole  is  not  regular ;  it  is  more  rapid  from  the  equator  to  30"* 
than  in  the  higher  latitudes. 

2.  Relative  amount  of  Land  and  Water, — ^The  sun's  rays  passing  through 
the  air  with  but  trifling  loss  fall  on  land  or  on  water.  The  specific  heat  of 
land  being  only  one  quarter  that  of  water,  it  both  absorbs  heat  and  gives  it 
out  more  rapidly.  Water,  on  the  other  hand,  absorbs  it  more  slowly,  stores 
up  a  greater  quantity,  and  parts  with  it  less  readily.  The  temperature  of  the 
superficial  water,  even  in  the  hottest  regions,  seldom  exceeds  80"  to  82',  and 
that  of  the  air  is  generally  below  (2'  to  even  6°)  the  temperature  of  the  water 
(J.  Davy).  Consequently  the  more  land  the  greater  is  the  heat,  and  the 
wider  the  diurnal  and  yearly  amplitudes  of  fluctuation.  The  kind  of  soil  has 
a  great  eflect  on  absorption,  and  the  land  also  transmutes  the  heat  to  a  certain 
extent  (see  Soil).  The  evaporation  from  the  water  also  greatly  cools  the  air 
(see  Evaporation). 

3.  Elevation  of  the  place  above  the  Sea4evel. — The  greater  the  elevation  the 
colder  the  air,  on  account — Ist,  of  the  lessening  amount  of  earth  to  absorb 
the  sun's  rays  ;  and,  2e/,  on  account  of  the  greater  radiation  into  free  space. 
The  decline  of  temperature  used  to  be  reckoned  at  about  V  Fahr.  for  each  300 
feet  of  ascent,  but  the  balloon  ascents  of  Mr  Welsh,  and  especially  of  Mr 
Glaisher,  have  proved  that  there  is  no  regular  decline ;  there  are  many  currents 
of  warm  air  even  in  the  upper  atmosphere.  Still  the  old  rule  is  useful  as  an 
approximation.  The  amount  of  decline  varies,  however,  in  the  same  place  at 
different  times  of  the  year.  In  Mr  Glaisher's  balloon  ascents,  in  a  cloudy  sky, 
it  was  about  4**  Fahr.  for  each  inch  of  bcirometric  fall,  at  first ;  but  when  the 
barometer  had  fallen  1 1  inches,  the  decline  of  temperature  was  more  rapid 
Under  a  clear  sky  there  was  a  fall  of  5"  Fahr.  for  each  of  the  first  four  inches 
of  descent ;  then  4°  per  inch  till  the  thirteenth  inch  of  descent,  and  then  4" '5 
for  fourteenth,  fifteenth,  and  sixteenth  inches  of  descent. 

The  snow-line  at  any  spot,  or  the  height  at  which  snow  will  lie  the  whole 
year,  can  be  approximately  reckoned  by  taking  the  mean  yearly  temperature 
of  the  latitude  at  sea-level,  and  multiplying  the  difference  between  that  tem- 
perature and  32'  Fahr.  by  300.  The  aspect  of  a  place,  however,  and  other 
circumstances,  have  mudh  to  do  with  the  height  of  the  permanent  snow-line. 
The  mean  temperature  of  any  place  can  be  approximately  reckoned  in  the  same 
way,  if  the  mean  temperature  of  the  latitude  at  sesrlevel^  and  the  elevation  of 
the  place  in  feet,  be  known. 

4.  Aspect  and  Exposure^  and  Special  Local  Cdndttiona, — ^These  circum- 
stances chiefly  affect  a  place  by  allowing  free  exposure  to,  or  sheltering  from 
the  sun's  rays,  therefore  lessening  the  number  of  hours  the  rays  reach  the  soil, 
or  by  furnishing  at  certain  times  a  large  moist  surface.  Thus  the  extensive 
sandbanks  of  the  Mersey  cause  very  rapid  alterations  of  temperature  ia  the 
water  and  air,  by  being  exposed  every  twenty-four  hours  twice  to  the  sun  and 
sky  (Adie). 

5.  Aerial  and  Ocean  Currents. — ^These  have  a  great  effect,  bringing  doudi 
which  block  out  the  sun  or  produce  rain,  or  which,  in  the  case  of  ocean 
currents,  cool  or  warm  the  air.  The  cold  polar  sea  currents  and  the  wann 
equatorial  (like  the  Gulf  Stream)  in  some  cases  almost  determine,  and  always 
greatly  influence,  the  temperature  of  a  place. 

6.  Nature  of  the  Soil — On  this  point  little  is  yet  known,  but  it  is  certain 
that  some  soils  easily  absorb  heat ;  others  do  not.  The  moist  and  clayey  soils 
are  cold ;  the  dry  hard  rocks  and  dry  sands  are  hot. 
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The  hottest  places  on  the  earth  are — ^in  the  eastern  hemisphere,  near  the 
Ked  Sea^  at  Massava  and  Khartoum  (Id""  N.L.),  and  on  the  Kile  in  Lower 
Nubia ;  annual  temperature  =  90** '5  Fahr. ;  in  the  western  hemisphere,  on  the 
Continent,  near  the  West  Indies,  the  annual  temperature  is  81° '5,  These  are 
sometimes  called  the  climatic  poles  of  heat.  The  poles  of  cold  are  in  Siberia 
(Jakoutsk  to  XJstjausk,  62**  N.),  and  near  Melville  Island. 

IsotJiermal  Lines. — ^These  are  lines  drawn  on  charts,  and  were  proposed  by 
Humboldt  to  connect  all  places  having  the  same  mean  annual  temperature. 
The  various  conditions  just  noted  cause  these  lines  to  deviate  more  or  less  from 
the  lines  of  latitude.  The  isothermal  lines  are  now  drawn  to  represent  the 
places  of  the  same  mean  monthly,  or  mean  winter  or  summer  temperature. 

The  lines  of  mean  summer  temperature  (three  months,  June,  Jidy,  August) 
are  called  isotheral ;  those  of  mean  winter  temperature  (December,  January, 
and  February)  are  called  isocheimonal,* 

sectio:n^  n. 

HYGROMETEKS— HUMIDITY  OF  THE  AIR. 

The  amount  of  watery  vapour  in  the  air  can  be  determined  in  several  ways ; 
by  direct  weighing,  by  Daniell's  or  Regnault's  hygrometer,  by  the  hair  hygro- 
meter of  Saussure,  and  by  the  dry  and  wet  bulbs,  f  The  method  by  the  dry 
and  wet  bulb  thermometers  has  been  adopted  by  the  Army  Medical  Depart- 
ment^ and  observations  are  taken  twice  daily  (9  a.m  and  3  p.m.).  The  instru- 
ments are  not  self -registering,  and  are  simply  read  ofiP.  They  are  placed  in  the 
shade,  four  feet  above  the  ground,  the  bulbs  freely  exposed  to  the  air,  but 
not  exposed  to  the  effect  of  radiant  heat  from  brick  walls,  &c.  The  wet  bulb 
is  covered  with  muslin,  which  is  kept  moistened  by  cotton  twisted  round  the 
bulb  and  then  passing  into  the  water  vessel ;  the  cotton  is  soaked  in  solution 
of  carbonate  of  soda,  or  boiled  in  ether  to  free  it  from  f at^  so  that  water  may 
ascend  easily  in  it  by  capillary  attraction ;  the  muslin  and  cotton  should  be 
renewed  frequently,  once  or  twice  a  month  if  possible ;  the  water  must  be 
either  rain  or  distilled  water,  and  the  supply  ought  to  be  more  ample  in  dry 
hot  weather  than  in  damp.  When  the  temperature  is  below  the  freezing- 
pointy  the  passage  of  water  along  the  syphon  is  arrested :  it  is  then  necessary 
to  moisten  the  wet  bulb,  allow  the  moisture  to  freeze,  and  then  sometime  after 
to  take  the  reading.  The  dew-point,  the  weight  of  a  cubic  foot  of  vapour, 
and  the  relative  humidity,  are  then  taken  from  Mr  Glaisher's  tables.^ 

'■  '  ■  ^'m^^m-  ^^^mm^  ■■_■■  _■■!  i  .i  ■■■  ■■■  ^Ka^^_  _  ii      ■  -■» 

*'It  may  be  well  to  mention  the  relations  between  the  three  principal  thermometer  scales. 
Whilst  the  freezing-point  in  the  Fahrenheit  scale  is  at  82°  it  is  at  O*'  in  Doth  the  Centigrade  (or 
Celsius)  and  the  Reaumur  scales.  Water  boils  at  212?  on  the  Fahrenheit  scale  (barometer 
—29*905),  at  IOC  on  the  Centigrade,  and  at  80"  of  B^aumur. 

Hence  the  formula  of  reduction  is  : — 
f^m  which  the  corresponding  temperatures  can  easily  be  found. 

F-32  C  R 

9        "    6    "    4  ' 
f  These  are  to  be  considered  as  one  instrument,  and  are  frequently  called  the  Psychrometer 
of  Aupist,  or  (in  this  country)  of  Mason. 
X  Hygrometrical  Tables,  oth  edition,  1877.    A  copy  is  now  sent  to  each  station. 
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Weight  in  Orains  of  a  Cubic  Foot  of  Vapoury  under  the  pressure  o/30  inches 
of  Mercury  for  every  degree  of  temperature  from  0**  to  100**.  The  temperor 
ture  is  the  dew-pointy  and  ike  weight  of  vapour  is  the  weight  which  can  he 
sustained  at  thai  temperature  without  being  visible. 


Tempb 
Fahr. 

Weight  In 

grains  of  a 

Cubic  Foot  of 

Vaponr. 

Temp. 
Fabr. 

Weight  tn 

grains  of  a 

Cubic  Foot  of 

Vaponr. 

Temp. 
Fahr. 

Weight  in 

grains  of  a 

Cubic  Foot  of 

Vapour. 

Temp. 
Fahr. 

Weight  in 

gralnitofa 

Cubic  Foot  of 

Vaponr. 

82 

218 

50 

gra. 
4-10 

67 

grs. 
7-27 

84 

12-40 

88 

2-21 

51 

4*24 

68 

7-51 

85 

12-78 

84 

2*80 

52 

4-89 

69 

7-76 

86 

1817 

85 

2-48 

58 

4*55 

70 

8-01 

87 

18-57 

86 

2-48 

54 

4-71 

71 

8-27 

88 

13-98 

87 

2-67 

55 

4-87 

72 

8-54 

89 

14-41 

88 

2-66 

56 

5-04 

73 

8-82 

90 

14-85 

89 

2-76 

57 

5-21 

74 

9-10 

91 

16-29 

40 

2*86 

58 

5*39 

75 

9*89 

92 

15-74 

41 

2-97 

59 

5-68 

76 

9*69 

93 

16-21 

42 

8*08 

60 

6-77 

77 

9-99 

94 

16-69 

43 

8-20 

61 

5-97 

78 

10-31 

95 

17-18 

44 

8-82 

62 

617 

79 

10-64 

96 

17-68 

45 

8*44 

68 

6*88 

80 

10-98 

97 

18-20 

46 

8*56 

64 

6*59 

81 

11-82 

98 

18-78 

47 

8-69 

65 

6-81 

82 

11-67 

99 

19-28 

48 

8*82 

66 

7-04 

88 

1208 

100 

19-84 

49 

8*96 

Definition  of  these  terms, — The  dew-point  is  the  temperature  when  the  air 
is  just  saturated  with  moisture,  so  that  the  least  further  fall  would  cause  a 
deposit  of  water.  The  quantity  of  vapour  which  can  be  taken  up  and  be 
made  quite  invisible  to  the  senses  varies  with  temperature.  The  preceding 
table  gives  the  weight  of  a  cubic  foot  of  vapour,  or  to  use  the  common, 
though  not  quite  accurate,  phrase,  the  weight  of  vapour  in  a  cubic  foot  of  aii 
at  different  temperatures  when  the  air  is  saturated  with  moisture. 

The  dew-point  is  obtained  directly  by  Daniell*s  or  Regnault's  hygrometer, 
which  enables  us  to  cool  and  note  the  temperature  of  a  bright  surface  until 
the  dew  is  deposited  on  it^  or  indirectly  by  means  of  the  dry  and  wet  bulbs. 

Unless  the  air  is  saturated,  the  temperature  of  the  wet  bulb  (t.e.,  the 
temperature  of  evaporation)  is  always  above  the  dew-point,  but  is  below  the 
temperature  of  the  dry  bulb,  being  reduced  by  the  evaporation,  li  the  diy 
and  wet  bulbs  are  of  the  same  temperature,  the  air  is  saturated  with  moisture, 
and  the  temperature  noted  is  the  dew-point ;  if  they  are  not  of  the  same 
temperature,  the  dew-point  is  at  some  distance  below  the  wet  bulb  temperature.* 

It  can  then  be  calculated  out  in  two  ways. 

(a)  By  Mr  Glaisher's  factors.  By  comparison  of  the  result  of  Darnell's 
hygrometer  and  the  dry  and  wet  bulb  thermometers  for  a  long  term  of  years, 
Mr  Glaisher  has  deduced  an  empirical  formula,  which  ia  thus  worked.  Take 
the  difference  of  the  dry  and  wet  bulb,  and  multiply  it  by  the  factor  which 
stands  opposite  the  dry  bulb  'temperature  in  the  following  table,  deduct 
the  product  from  the  dry  bulb  temperature,  the  result  is  the  dew-point. 

The  dew-point  being  obtained,  the  amount  of  vapour  in  a  cubic  foot  of  air 


*  Occasionallythe  wet-bulb  may  read  higher  than  the  dir,  as  in  thick  fog  or  during  very  calm, 
cold  weather.  This  is  rare,  but,  should  it  be  met  with,  tnen  the  temperature  of  the  dry-bulb 
is  to  beU^en  and  considered  to  be  at  saturation  (Scott). 
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is  at  once  seen  by  looking  at  tlie  table  before  given*     Erom  this  f omrala  Mr 
Glaisber^s  tables  have  been  calculated. 

(b)  Ajy'ohn*8  Formtda. — From  a  most  philosophical  and  exhaustive  analysis 
of  the  conditions  of  this  complicated  problem,  Dr  Apjohn  has  derived  his 
celebrated  formula  which  is  now  in  general  use.  Eeduced  to  its  most  simple 
expression,  it  is  thus  worked : — ^A  table  of  the  elastic  tension  of  vapour,  in 
inches  of  mercury  at  different  temperatures,  must  be  used.  Erom  this  table 
take  out  the  elastic  tension  of  the  temperature  of  the  wet  thermometer,  and 
call  it  f.  Let  (t-t^)  be  the  difference  of  the  two  thermometers,  and  p  the 
observed  height  of  the  barometer.  Apjohn's  formula  then  enables  us  to 
calculate  the  elastic  tension  of  the  dew-point,  which  we  will  call  /'I;  and  this 
being  known  by  looking  in  the  table,  we  obtain,  opposite  this  elastic  tension, 
the  dew-point  temperature. 

The  formula  is:  ^/     ^     /v /^^  i  in-/^    ^/^ p  -f 


/'-/- 0-01 147(^-0 


The  fraction 


30 


differs  but  little  from  unity,  and  may  be  neglected ; 


the  formula  then  becomes,  for  temperatures  above  32**  Fahr. : 


/'-/- 


{t  -  i') 


If  below  32°  the  formula  is :  /'  =/  - 


87 
(t-f) 


The  dew-point  being  known,  the  weight  of  a  cabic  foot  of  vapour, 
and  the  amount  of  elastic  tension,  expressed  in  inches  of  mercury  (if  this  is 
desired),  are  taken  from  tables ;  the  relative  humidity  is  got  by  udculatlon. 

Cflaishei^a  Factore — (See  previous  page)  : — 
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The  Telatiye  limnidify  is  merely  a  conyenient  tena  to  express  comparatiTe 
dryness  or  moistuie.  Complete  saturation  being  assumed  to  be  100,  any 
degree  of  dryness  may  be  expressed  as  a  percentage  of  this,  and  is  obtained  at 
once  by  dividing  the  weight  of  vapour  actually  determined  by  the  weight  of 
vapour  which  would  have  been  present  had  the  air  been  saturated. 

In  order  to  save  trouble,  all  these  points,  and  other  matters  of  interest^ 
such  as  the  weight  of  a  cnbic  foot  of  dry  air,  or  of  mixed  dry  and  moist  air, 
are  given  in  Mr  Glaisher's  Hygrometrical  Tables,  which  ate  now  sent  to  the 
principal  stations,  and  which  all  medical  officers  are  advised  to  get  But  in 
the  al^nce  of  these,  the  tables  given  in  this  chapter,  and  Glaisher^s  factors, 
will  enable  the  chief  points  to  be  determined ;  also  the  table,  page  455,  which 
is  extracted  from  Mr  Glaisher's  larger  tables,  will  be  found  useful  It  gives 
the  relative  humidity,  and  if  the  weight  of  a  cubic  foot  of  vapour  (in  the  table 
already  given,  p.  462)  at  the  temperature  of  the  dry  bulb,  be  multiplied  by 
the  relative  humidity,  and  then  divided  by  100,  the  actual  weight  of  vapour 
in  the  air  at  the  time  of  observation  is  obtained.* 

To  read  the  table,  take  the  temperature  of  ihemdrj  bulb,  and  the  difference 
between  it  and  the  wet  bulb,  and  look  in  the  table  at  the  intersection  of  the 
two  columns. 

The  amount  of  watery  vapour  can  also  be  told  by  a  hair  hygrometer.  A 
modification  of  Saussure's  hygrometer  is  stiQ  used  in  France,  and  also  in 
Bussia  and  Norway.  A  human  hair,  freed  from  fat  by  digestion  in  liquor 
potassae  or  ether,  is  stretched  between  a  fixed  point  and  a  small  needle,  which 
traverses  a  scale  divided  into  100  parts.  As  the  hair  shortens  or  elongates 
the  needle  moves  and  indicates  the  relative  humidity,  f  The  scale  is  graduated 
by  wetting  the  hair  for  complete  saturation,  and  by  placing  it  over  sulphuric 
acid  of  known  strength  for  different  degrees  of  saturation.  X  A  very  delicate 
instrument  is  thus  obtained,  which  indicates  even  momentary  changes  in 
moisture.  On  comparison  with  the  wet  and  dry  bulb,  I  have  found  that  it 
gives  accordant  results  for  three  or  four  months ;  it  then  loses  its  delicacy, 
and  requires  to  be  a  little  wound  up.  If  compared  with  the  dry  and  wet 
bulb,  the  hair  hygrometer  seems  to  be  exact  enough  for  experiments  in 
ventilation,  for  which  it  is  adapted  from  its  rapidity  of  indication.  It  has 
also  been  recommended  by  the  Vienna  congress  for  use  in  extreme  climates, 
when  the  indications  of  the  psychrometer  are  either  uncertain  or  entirely 
a8tray.§  The  amount  of  watery  vapour  in  the  air  has  a  considerable  effect  on 
the  temperature  of  a  place.  Hermann  von  Schlagintweit||  has  pointed  out 
that  the  differences  between  the  temperature  marked  in  the  sun  and  shade 
by  two  maximum  thermometers  are  chiefly  dependent  on  the  amount  of 
humidity.  The  maxima  of  insolation  (measured  by  the  difference  between 
the  sun  and  shade  thermometers)  occur  in  those  stations  and  on  those  days 
when  humidity  is  greatest  Thus,  at  Calcutta,  the  relative  humidity  being  88 
to  93,  the  insolation  (or  difference  between  the  thermometers)  is  60°  Fidir. ; 
at  Bellari  the  relative  humidity  being  60  to  65,  the  insolation  is  8°  to  11*. 
These  results  are  explained  by  Tyndall's  observations,  which  show  that  the 
transparent  humidity  will  scarcely  affect  the  sun's  rays  striking  on  the  sun 
thermometer,  while  it  greatly  obstructs  the  radiation  of  invisible  heat  from 
the  thermometer ;  when  the  air  is  highly  charged  with  moisture,  the  sun 


♦  Or,  what  is  the  same  thing,  multiply  by  the  relative  humidity,  with  a  decimal  point 
before  it. 

t  Hair  shortens  when  dry  and  elongates  when  moist. 
t  The  graduation  of  the  scale  is  explained  in  The  Arctic  Manual,  p.  16. 
§  See  Scott's  Instructions,  p.  47. 
,   j]  Proceedings  of  Royal  Soc.  vol.  xiv.  p.  Ill,  1865. 
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Table  of  the  Relative  Humidity  given  by  the  difference  between  Ihe 
Di-y  and  Wet  Bidb. 
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thermometer  is  conBtantly  gaining  beat  from  the  sun's  lays,  while  it  loses 
little  by  radiation,  or  if  it  does  lose  by  radiation,  gains  it  again  from  the  air. 

When  watery  vapour  mixes  with  dry  air,  the  volume  of  the  latter  is 
augmented;  the  weight  of  a  cubic  foot  of  dry  air  at  60°  Fabr.  is  536'28 
grains,  and  that  of  a  cubic  foot  of  vapour  at  60°  is  5*77  grains  ;  the  conjoint 
weights  would  be  SiaOS  grains  at  60°,  hut,  owing  to  the  enlargement  of  the 
ail,  the  actual  we^ht  of  a  cubic  foot  of  saturated  air  at  60°  is  only  632'84, 
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SECTION  III. 
BAEOMETER. 

A  good  mercurial  barometer  is  supplied  to  many  army  stations ;  the  scale 
is  brass,  graduated  to  20tbs  or  ^-tenths  on  the  scale,  and  is  read  to  Yj^f^ths 
by  means  of  a  vernier.  There  is  a  movable  bottom  to  the  cistern,  which  is 
worked  up  and  down  by  a  screw,  so  as  to  keep  the  mercury  in  the  cistern  at 
the  same  level.     Correction  for  capacity  is  thus  avoided. 

To  fix  the  Barometer. — Choose  a  place  with  a  good  light,  yet  protected 
from  direct  sunlight  and  rain ;  fix  the  frame  sent  with  the  barometer  very 
carefully  with  a  plumb-line,  so  as  to  have  it  exactly  perpendicular ;  then  hang 
the  barometer  on  the  hook,  and  adjust  it  gently  by  means  of  the  three  screws 
at  the  bottom,  so  that  it  hangs  truly  in  the  centre.  Test  this  by  the  plumb- 
line  (a  4  oz.  weight  tied  to  a  string  will  do),  and  then  unscrew  the  bottom  of 
the  cistern  till  the  ivory  point  is  seen. 

Before  fixing  the  barometer  the  bottom  should  be  unscrewed  till  the 
mercury  is  two  or  three  inches  from  the  top;  the  barometer  should  be  suddenly 
inclined,  so  as  to  let  the  mercury  fall  against  the  top ;  if  there  is  no  air  it  will 
do  this  with  a  sharp  click ;  if  there  be  air  there  is  no  click ;  in  that  case 
turn  the  barometer  upside  down,  and  tap  the  side  forcibly  till  you  see  the 
globule  of  air  passing  up  the  tube  through  the  mercury  into  the  cistem.  Do 
not  be  afraid  of  doing  this ;  if  the  screw  at  the  bottom  be  not  too  far  unscrewed 
there  is  no  danger  of  any  damage  to  the  instrument. 

Reading  of  Barometer. — Eead  the  attached  thermometer  first ;  then  adjust 
the  cistern,  so  that  the  ivory  point,  perceptible  through  the  glass  wall  of  the 
cistern,  seems  just  to  touch  the  point  of  the  image  in  the  mercury.  Then 
adjust  the  vernier,  so  as  to  cut  off  the  light  from  the  top  of  the  mercury. 
Then  read  the  scale  with  the  bottom  of  the  vernier. 

I  have  found  that  a  little  difficulty  is  experienced  in  understanding  the 
vernier  by  those  who  are  not  accustomed  to  such  instruments.  It  wiU  be, 
probably,  comprehended  from  a  little  description,  read  with  the  instrument 
before  us.  On  the  scale  of  the  barometer  itself,  it  will  be  seen  that  the 
smallest  divisions  correspond  to  half-tenths ;  that  is,  to  xlrr^^  ^^  ^^  ^^^ 
( —  -05).  The  height  of  the  mercury  can  be  read  so  far  on  the  scale  itself. 
The  vernier  is  intended  to  enable  us  to  read  the  amount  of  space  the  top  of 
the  mercury  is  above  or  below  one  of  these  half-tenth  lines.  It  will 
be  observed  that  the  vernier  is  divided  into  twenty-five  lines ;  but  on  adjusting 
it,  so  that  its  lower-line  corresponds  with  a  line  indicating  an  inch,  it  will  be 
seen  that  its  twenty-five  divisions  only  equal  twenty-four  half-tenth  divisions 
on  the  scale.  The  result  is,  that  each  division  on  the  vernier  is  -^th  less  than, 
a  half-tenth  division  on  the  scale.  One  ^th  of  a  half-tenth  is  -j^^ths  of  an 
inch  (-05  -^-  25  =  -002  inch). 

This  being  understood,  adjust  the  vernier  so  that  its  Imoest  line  accurately 
corresponds  to  any  line  on  the  scale.  It  will  then  be  seen  that  its  lowest 
line  but  one  is  a  little  distance  below  (in  fact,  -002  inch)  the  next  line  on  the 
fixed  scale.  Eaise  now  the  vernier,  so  that  its  second  line  shall  correspond  to 
the  line  on  the  scale  to  which  it  was  a  little  below ;  and  of  course  the  bottom 
of  the  vernier  must  be  raised  '002  inch  above  the  line  it  first  corresponded 
with.  If  the  next  line,  the  third  on  the  vernier,  be  made  to  correspond  with 
the  line  on  the  scale  just  above  it,  the  bottom  of  the  scale  must  be  raised 
double  this  (-004  inch)  above  the  line  it  was  first  level  with  ;  if  the  next  line 
on  the  vernier  be  made  to  correspond  with  a  line  on  the  scale,  the  scale  is  raised 
•006,  and  so  on.  Each  division  on  the  vernier  equals  -002  inch,  and  each 
five  divisions  equals  x^th,  or  '01  inch. 
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The  barometer  is  read  thns.  The  vernier  being  adjusted  to  the  top  of  the 
mercury,  read  on  the  scale  to  the  half -tenth ;  then  look  above,  and  see  what 
line  on  the  vernier  corresponds  exactly  to  a  line  on  the  scale.  Then  read  the 
number  on  the  vernier,  counting  from  the  bottom ;  multiply  it  by  '002,  and 
the  result  is  the  number  of  hundredths  or  thousandths  of  an  inch  the  top  of 
the  mercury  is  above  the  half-tenth  line  next  below  it.*  Add  this  number  to 
that  already  got  by  direct  reading  of  the  £xed  scale,  and  the  result  is  the 
height  of  the  mercury  in  inches  and  decimals  of  an  inch. 

Corrections  for  the  Barometer. — The  barometer  supplied  to  military  stations 
requires  no  correction  for  capacity.  There  are  two  constant  corrections  for 
all  barometers,  viz.,  capillarity  and  index  error.  The  first  depends  on  the 
size  of  the  bore,  and  whether  the  mercury  has  been  boiled  in  the  tube  or  not. 
The  error  for  capillarity  is  notiJSed  by  the  maker.  Index  error  is  determined 
by  comparison  with  a  standard  barometer.  It  is  indicated  by  the  maker,  and 
is  constant  by  the  same  barometer.  The  index  and  capillarity  errors  are  put 
together.  The  capillarity  error  is  always  additive ;  the  index  error  may  be 
subtractive  or  additive ;  the  two  together  form  a  constant  quantity.  The 
certificates  furnished  by  the  Kew  Observatory,  for  all  barometers  verified 
there,  include  the  corrections  above  mentioned. 

Correction  for  temperature. — ^The  barometer  is  always  registered  as  if  the 
temperature  of  the  mercury  were  32"  Fahr.  If  the  temperature  of  the 
mercury  be  above  this,  the  metal  expands,  and  reads  higher  than  it  would  do 
at  32*.  The  amount  of  expansion  of  mercury  is  '0001001  of  its  bulk  for 
each  degree ;  but  the  linear  expansion  of  the  brass  scale  must  be  also  con- 
sidered. 

Schumacher^s  formula  is  used  for  the  correction — ^viz., 
h  =  observed  height  of  barometer  in  inches. 
^  =  temperature  of  attached  thermometer  (Fahr.). 

m  =  expansion  of  mercury  per  degree — viz.  '0001001  of  its  length  at  32°. 
«  =  linear  expansion  of    scale — viz.    '00001041;  normal  temperature 
being  62°. 

,  m(^-32°)-tf  (^-62°) 
l-|-m(^-32°) 

To  facilitate  the  correction  for  temperature,  tables  are  given  in  Mr  R  H. 
Scott's  "  Instructions  in  the  Use  of  Meteorological  Instruments,"  which  is 
distributed  to  medical  officers. 

Correction  for  Sea-Leoel. — As  the  mercury  falls  about  ^^qq  ('001  inch)t 
for  every  foot  of  ascent,  this  amount  multiplied  by  the  number  of  feet  must 
be  added  to  the  height,  if  the  place  be  above  sea-leveLf  The  temperature  of 
the  air  has,  however,  also  to  be  taken  into  account  if  great  accuracy  is 
required. 

When  all  these  corrections  have  been  made,  the  exact  height  of  the 
mercury  represents  the  conjoint  weights  of  the  oxygen,  nitrogen,  carbonic 
acid,  and  watery  vapour  of  the  atmosphere.  It  is  difficult  to  separate  these 
several  weights,  and  the  late  observations,  which  show  that  the  humidity 
existing  at  any  place  is  merely  local,  and  that  vapour  is  most  unequally  diffused 
through  the  air,  render  it  quite  unceitain  what  amount  of  the  mercury 

*  Instead  of  multiplying  the  number  on  the  vernier  by  '002,  a  little  practice  "will  enable  the 
ealculation  to  be  maae  at  once.  On  the  Yemier  will  be  seen  the  figures  1, 2,  3,  4,  and  5  ;  cor- 
responding to  the  5th,  10th,  15th,  20th,  and  25th  lines,  and  indicating  '01,  *02,  -03,  '04,  or  '05 
inch.    Each  line  between  these  numbered  lines  equals  *002  inch. 

f  The  exact  amount  is  a  little  below  this,  but  varies  with  altitude ;  at  sea-level  the  amount 
is  '000886  for  every  foot  of  ascent.    See  measurement  of  heights  by  barometer. 

t  For  the  British  Isles,  the  mean  sea-level  at  Liveipool  has  been  selected  by  the  Ordnance 
Survey  as  their  datum. 
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is  supported  by  the  watery  vapour.  Yet  that  this  has  a  considerable  effect  in 
altering  the  barometric  height,  particularly  in  the  tropics,  seems  certain 
(Herschel). 

The  height  of  the  barometer  at  sea-level  differs  at  different  parts  of  the 
earth's  surface ;  being  less  at  the  equator  (29*974)  than  on  either  side  at  30** 
N.  and  S.  lat,  and  lessening  again  towards  the  poles,  especially  towards  the 
south,  from  63**  to  74*  S.  lat.,  where  the  depression  is  upwards  of  an  inch. 
It  differs  in  different  places  also  according  to  their  geographical  position  and 
their  height  above  sea-leveL  Like  the  thermometer,  it  is  subjectwi  to  diurnal 
and  annual  periodic  changes  and  to  non-periodic  undulations. 

In  the  tropics  the  diurnal  changes  are  very  steady ;  there  are  two  maxima 
and  two  minima ;  the  first  maximum  is  about  9  a.m.  ;  the  first  minimum  about 
3  to  4  P.M.  ;  the  second  maximum  at  10  p.m.  ;  the  second  minimum  at  4  a.m. 
These  changes  are,  perhaps,  chiefly  dependent  on  the  watery  vapour  (Herschel). 
In  this  country  the  diurnal  range  is  less ;  it  falls  from  midnight  to  about  4  to 
6 ;  rises  tiU  11,  and  falls  again  till  4  or  6  :  then  rises  till  midnight  The 
undulations  depend  on  the  constantly  shifting  currents  of  air,  rendering  the 
total  amount  of  air  over  a  place  heavier  or  lighter.  The  wind  tends  to  pass 
towards  the  locality  of  least  barometric  pressure.  In  this  country  the 
barometer  falls  with  the  south-west  winds ;  rises  with  the  north  and  east ;  the 
former  are  moist  and  warm,  the  latter  dry  and  cold  winds. 

The  isobarometric  lines  are  the  lines  connecting  places  from  the  same  mean 
annual  height  of  barometer. 

Measurement  of  Heights. — The  barometer  falls  when  heights  are  ascended, 
as  a  certain  weight  of  air  is  left  below  it  The  diminution  is  not  uniform, 
for  the  higher  the  ascent  the  less  weighty  the  air,  and  a  greater  and  greater 
height  must  be  ascended  to  depress  the  barometer  one  incL  This  is  illustrated 
by  the  following  table ; — * 

To  lower  from  31  inches  to  30  s   857  feet  must  be  ascended. 

30        „         29=   886 
29        „         28=   918 
28  .     „         27=   951 
27         „         26=   986 
„         26        „         25  =  1025 
25         „         24  =  1068 
„         24         „         23  =  1113 
„         23        „         22  =  1161 
„         22         „         21  =  1216 
„         21         „         20-1276 
„        20        „         19  =  1341 
„         19        „         18  =  1413 
The  measurements  of  heights  in  this  way  is  of  great  use  to  medical  officers ; 
the  aneroid  barometer  can  be  used  as  high  as  6000  feet,  and  a  delicate  instru- 
ment will  measure  as  little  as  4  feet     The  new  pocket  aneroids  will  measure 
up  to  12,000  or  14,000  feet 

A  great  number  of  plans  are  in  use  for  calculating  heights.  It  can  be  done 
readily  by  logarithms,  but  then  medical  officers  may  not  possess  a  table  of 
logarithms. 

*  The  height  can  be  taken  readilv  ft*om  this  table,  by  calculating  the  number  of  feet  which 
must  have  been  ascended  to  cause  the  observed  fall,  and  then  making  a  correctioB  for  tempera- 
ture, by  multiplying  the  number  obtained  from  the  table,  which  may  be  called  A,  by  the 
formula  (t  is  the  temperature  of  the  lower,  and  f  of  the  upper  station). 
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The  simplest  rule  of  all  is  one  derived  from  Laplace's  formula.  Mr  Ellis* 
lias  lately  stated  this  formula  as  follows : — Multiply  the  difference  of  the 
barometric  readings  by  52,400,  and  divide  by  the  sum  of  the  barometric 
readings.  If  the  result  be  1000,  2000,  3000,  4000,  or  5000,  add  0,  0,  2,  6, 
14,  respectively.  Substract  2^  times  the  difference  of  the  temperatures  of 
the  mercury.  Multiply  the  remainder  by  a  number  obtained  by  adding  836 
to  the  sum  of  the  temperatures  of  the  air,  and  dividing  by  900.  A  correction 
must  also  be  made  for  latitude,  which  can  be  done  by  Table  III  p.  461. 

Tables  such  as  those  given  by  Delcros  and  Oltmanns  are  very  convenient 
for  estimating  heights  by  the  barometer.  A  table  less  long  than  these,  but 
based  on  the  same  principle,  has  been  given  by  Kegretti  and  Zambra  in  their 
useful  work,t  and  as  it  is  the  easiest  formula  I  know,  I  have  copied  it 

A  good  mercurial  barometer,  with  an  attached  thermometer,  or.  an  aneroid 
compensated  for  temperature,  and  a  thermometer  to  ascertain  the  temperature 
of  l^e  air,  are  required.  Two  barometers  and  two  thermometers,  which  can 
be  observed  at  the  same  moment  at  the  upper  and  lower  stations,  are  desirabla 

Supposing,  however,  there  is  but  one  barometer,  take  the  height  at  the 

Tablb  L — Ajoproxirruzte  HeigM  due  to  Barometric  ^Pressure, 


Inches  of 
Barometer. 

Feet. 

Inches  of 
Barometer. 

Feet 

Inches  of 
Barometer. 

Feet. 

81-0 

0 

27-8 

8,323 

23-6 

7,131 

80*9 

84 

•2 

3,419 

•5 

7,242 

'8 

169 

•1 

8,515 

•4 

7,353 

7 

254 

27-0 

3,612 

•8 

7,465 

•6 

889 

26-9 

3,709 

•2 

7,577 

•5 

425 

•8 

3,806 

•1 

7,690 

•4 

511 

•7 

8,904 

23-0 

7,803 

•8 

597 

•6 

4,002 

22-9 

7,917 

•2 

688 

•5 

4,100 

•8 

8,032 

•1 

770 

•4 

4,199 

■7 

8,147 

80  0 

857 

•8 

4,298 

•6 

8,262 

29*9 

944 

•2 

4,398 

•6 

8,378 

•8 

1,082 

■1 

4,498 

•4 

8,495 

•7 

1,120 

26-0 

4,588 

•3 

8,612 

•6 

1,208 

25-9 

4,699 

•2 

8,729 

•6 

1,296 

•8 

4,800 

•1 

8,847 

•4 

1,885 

•7 

4,902 

22  0 

8,966 

•8 

1,474 

•6 

5,004 

21-9 

9,085 

•2 

1,563 

•5 

5,106 

•8 

9,205 

•1 

1,658 

•4 

5,209 

•7 

9,325 

290 

1,748 

•8 

5,312 

•6 

9*446 

28-9 

1,838 

•2 

5,415 

•5 

9,567 

•8 

1,924 

•1 

5,519 

•4 

9,689 

•7 

2,015 

25  0 

5,623 

•8 

9,811 

•6 

2,106 

24-9 

5.728 

•2 

9,934 

•6 

2,198 

•8 

5,833 

•1 

10,058 

•4 

2,290 

•7 

5,939 

21-0 

10,182 

•8 

2,382 

•6 

6,045 

20-9 

10,307 

•2 

2,475 

•5 

6,152 

•8 

10,432 

•1 

2,568 

•4 

6,259 

7 

10,558 

28-0 

2,661 

•3 

6,366 

•6 

10,684 

27-9 

2-754 

•2 

6,474 

•6 

10,812 

•8 

2,848 

•1 

6,582 

•4 

10,940 

•7 

2,942 

24-0 

6,691 

•3 

11,069 

•6 

8,037 

23-9 

6,800 

•2 

11,198 

•5 

8,132 

•8 

6,910 

•1 

11,828 

27-4 

3,227 

23-7 

7,020 

20-0 

11,458 

*  Proceedings  of  Royal  Society,  1865,  No.  75,  p.  283. 

t  A  Treatise  on  Meteorological  Instmiuents,  by  Negretti  and  Zambra,  1864. 
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lower  station,  and  correct  for  temperature  to  32",  according  to  the  table  given 
at  page  425.  Take  the  temperature  of  the  air.  Ascend  as  rapidly  as  possible 
to  the  upper  station,  and  take  the  height  of  the  barometer  (correcting  it  to 
32"*)  and  the  temperature  of  the  air ;  then  use  the  following  tables,  taken  from 
Negretti  and  Zambra's  work.  If  the  height  is  less  than  300  feet,  Tables  IL, 
m,  and  rV.  need  not  be  used 

*' Table  L  is  calculated  from  the  formula,  height  in  feet  =  60,200  (log. 
29 '922 — log.B)  +  926;  where  29^922  is  the  mean  atmospheric  pressure  at 
32°  Fahr.,  and  at  the  mean  searlevel  in  latitude  45*" ;  and  B  is  any  other 
barometric  pressure ;  the  925  being  added  to  avoid  minus  signs  in  the  tabla 

"  Table  U.  contains  the  correction  necessary  for  the  mean  temperature  of 
the  stratum  of  air  between  the  stations  of  observation ;  and  is  computed  from 
Eegnault's  co-efficient  for  the  expansion  of  air,  which  is  "002036  of  its  volume 
at  32'  for  each  degree  above  that  temperature. 

Table,  IIL  is  the  correction  due  to  the  difference  of  gravitation  in  any 
other  latitude,  and  is  found  from  the  formula,  a;  =  1  +  '00265  cos.  2  lat 

"  Table  TV.  is  to  correct  for  the  diminution  of  gravity  in  ascending  from 
the  sea-leveL 

"  To  use  these  'tables :  The  barometer  readings  at  the  upper  and  lower 
stations  having  been  corrected  and  reduced  to  temperature  32*  Fahr.,  take 
out  from  Table  L  the  numbers  opposite  the  corrected  readings  of  the  two 
barometers,  and  subtract  the  lower  from  the  upper.  Multiply  this  difference 
successively  by  the  factors  found  in  Tables  IL  and  IIL  The  factor  from 
Table  IIL  may  be  neglected  unless  precision  is  desired.  Finally,  add  the 
correction  taken  from  Table  IV."     (Negretti  and  Zambra.) 

In  the  table  the  barometer  is  only  read  to  lOths,  but  it  should  be  read  to 
lOOths  ('01)  and  lOOOths  (*001),  and  the  number  of  feet  corresponding  to 
these  amounts  calculated  from  the  table,  which  is  easy  enough. 

Table  II. — Corredion  dtie  to  Mean  Temperature  of  the  Air  ;  the  Tempera- 
ture of  the  Upper  and  Lower  Stations  being  added  and  divided  by  2. 


Mean  Temp. 

Factor. 

Mean  Teinp. 

Factor. 

Mean  Temp. 

Factor. 

lO** 

0-955 

86"* 

1-006 

60' 

1-067 

11. 

•957 

86 

1-008 

61 

1-059 

12 

•959 

87 

1-010 

62 

1-061 

13 

•961 

88 

1-012 

63 

1-068 

14 

•963 

89 

1-014 

64 

1-066 

15 

•965 

40 

1-016 

65 

1-067 

16 

•967 

41 

1-018 

66 

1-069 

17 

•969 

42 

1-020 

67 

1-071 

18 

•971 

48 

1-022 

68 

1-073 

19 

•974 

44 

1-024 

69 

1-075 

20 

•976 

45 

1-026 

70 

1-077 

21 

•978 

46 

1-029 

71 

1-079 

22 

•980 

47 

1-081 

72 

1-081 

28 

•982 

48 

1-038 

78 

1-083 

24 

•984 

49 

1-085 

74 

1-086 

25 

•986 

50 

1-087 

75 

1-088 

26 

•988 

51 

1-089 

76 

1-090 

27 

•990 

52 

1-041 

77 

1-092 

28 

•992 

58 

1-043 

78 

1-094 

29 

•994 

54 

1-045 

79 

1-096 

80 

•996 

55 

1-047 

80 

1-098 

81 

0-998 

56 

1-049 

81 

1-100 

82 

1-000 

57 

1-051 

82 

1-102 

88 

1-002 

58 

1-053 

88 

1-104 

84 

1-004 

59 

1-065 

84 

1-106 
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Table  HL — Correction  due  to  Difference  of  Gravitation  in  differeivt 

Latitudes, 


Latitude. 

Factor. 

Latitude. 

Factor. 

Latitude. 

Factor. 

80* 

0-99751 

60" 

0-99954 

20" 

1-00208 

75 

0-99770 

45 

1-00000 

15 

1  -00230 

70 

0-99797 

40 

1-00046 

10 

1-00249 

65 

0-99830 

85 

1*00090 

5 

1-00261 

60 

0-99868 

80 

1-00182 

0 

1-00265 

55 

0-99910 

25 

1-00170 

TablbIV. 


Heiffht  in 

CoirectiTO 

Height  In 

Corrective 

Tlionsand  Feet. 

AdditlTe. 

Thonaand  Feet. 

Additive. 

1 

3 

9 

26 

2 

5 

10 

80 

8 

8 

11 

83 

4 

11 

12 

87 

5 

14 

18 

41 

6 

17 

14 

44 

7 

20 

15 

48 

8 

23 

it 


Example, — ^At  two  Btations  the  barometer  read  respectively  29*9.and  21  %  the  tempera- 
tures of  the  air  being  60"  and  40°. 

Barometer  at  upper  station,  .     21  '2,  Table  I. 

„         lower      „  .        .     29*9, 

Approximate  mean  height, 

Mean  temperature  50",  Table  II.,  Factor 

Height  corrected  for  temperatare, 
Latitude  (say)  80",  Table  III.,  Factor  . 
Height  corrected  for  latitude, 
Correction  from  Table  IV 

Height  corrected  for  direct  altitude,    . 
Height  of  lower  station  above  sea-level  (say), 

Final  corrected  height  of  upper  station  above  sea- 


9,934 
944 

8,990 

9,823 
1-00132 

9,385 
26 

9,361 
150 


level. 


9,511 


Weight  of  the  Air, — The  barometer  expresses  the  weight  of  the  air  in 
inches  of  mercuiy.  The  actual  weight  can  be  determined  if  the  reading  of 
the  barometer,  temperature,  and  humidity  are  all  known. 

The  weight  of  a  cubic  foot  of  dry  air  at  32"*  Fahr.,  and  normal  pressure,  is 
566*85  grain&  For  any  other  temperature  the  weight  can  be  calculated. 
Multiply  the  co-efficient  of  the  expansion  of  air  (viz.,  •0020361  for  1'  Fahr.) 
by  the  number  of  degrees  above  32,  the  sum  added  to  unity  will  give  the 
volume  of  a  cubic  foot  of  dry  air  at  that  temperature.  Divide  566*85  by  the 
number  so  obtained  The  result  is  the  weight  of  the  dry  air  at  the  given 
temperature. 

SECTION  rv. 

RAIN. 

Bain  is  estimated  in  inches ;  that  is,  the  fall  of  an  inch  of  lain  implies 
that  on  any  given  area,  say  a  square  inch  of  surface,  rain  has  fallen  equal  to 
one  inch  in  depth.  The  amount  of  rain  is  determined  by  a  rain-gauge.  Two 
gauges  are  supplied  for  military  stations ;  one  placed  on  the  ground,  one  20' 
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feet  above  it ;  in  all  parts  of  the  world  the  latter  indicates  less  rain  than  the 
lower  placed  gauge ;  the  reason  of  this  is  not  very  clear,  but  it  appears  to  be 
partially  due  to  wind. 

Several  kinds  of  gauges  are  in  use.  The  one  used  by  the  Army  Medical 
Department  is  a  round  tin  box  with  a  rim  or  groove  at  the  top ;  a  round  top 
with  a  funnel  inside  fits  on  to  this  groove,  which,  when  fiUed  with  water, 
forms  a  water  valve.  The  opening  above  is  circular  (the  circle  being  made 
very  carefully,  and  a  rim  being  carried  round  it  to  prevent  the  rain-drops  from 
being  whirled  by  wind  out  of  the  mouth),  and  descends  funnel-«haped,  the 
small  end  of  the  funnel  being  turned  up  to  prevent  evaporation.  The  best 
size  for  the  open  top,  or  in  other  words,  the  area  of  the  receiving  surface,  is 
from  60  to  100  square  inches.  The  lower  part  of  the  box  is  sunk  in  the 
ground  nearly  to  the  groove ;  the  upper  part  is  then  put  in,  and  a  glass  vessel 
is  placed  below  the  funnel  to  receive  the  water.*  At  stated  times  (usually  at 
9  A.M.  daily)  the  top  is  taken  off,  the  glass  vessel  taken  out,  and  the  water 
weighed  or  measured.  The  latter  is  easiest,  and  is  done  in  a  glass  vessel 
which  is  graduated  to  an  inch  and  hundreths  of  an  inch,  and  is  sent  with  the 
gauge.     Each  gauge  has  its  own  measure. 

If  this  glass  is  broken  it  can  be  replaced  by  the  following  rule,  or  a  rain- 
gauge  can  be  made  by  any  one  very  easily.  It  need  not  be  round,  though 
this  is  now  thought  the  best  form,  but  may  be  a  square  box  of  metal  or  wood, 
and  may  be  of  any  size  between  3  and  24  inches  in  diameter,  but  5  to  8  is 
the  most  convenient  range. 

Determine  the  Q,rea,  in  square  inches,  of  the  receiving  surface,  or  top  of 
the  gauge,  by  careful  measurement  (see  Measurement  of  Eooms,  chapter  on 
Air).  This  area,  if  covered  with  water  to  the  height  of  one  inch,  would  give 
us  a  corresponding  amount  of  cubic  inches.  This  number  of  cubic  inches  is 
the  measure  for  that  gauge  of  one  inch,  because  when  the  rain  equals  that 
quantity  it  shows  that  one  inch  of  rain  has  fallen  over  the  whole  surface. 

Let  us  say  the  area  of  the  receiving  surface  is  100  square  inches.  Take 
100  cubic  inches  of  water  and  put  it  into  a  glass,  put  a  mark  at  the  height 
of  the  fluid,  and  divide  the  glass  below  it  into  100  equal  parts.  If  the  rainfall 
comes  up  to  the  mark,  one  inch  of  rain  has  f£dlen  on  each  square  inch  of  sur- 
face ;  if  it  only  comes  up  to  a  mark  below,  some  amount  less  than  an  inch 
(which  is  so  expressed  in  -jV^hs  and  -j-J^ths)  has  fallen. 

To  get  the  requisite  number  of  cubic  inches  of  water  we  can  weigh  or 
measure.  A  cubic  inch  of  water  at  62*  weighs  252*458  grains,  consequently 
100  cubic  inches  will  be  (252*458  x  100)  =  25245-8  grains,  or  67-7  ounces 
avoir.  But  an  easier  way  still  is  to  measure  the  water, — an  ounce  avoir,  is 
equal  to  1*733  cubic  inches,  therefore  divide  100  by  1*733,  and  we  obtain  the 
number  of  ounces  avoir,  which  corresponds  to  100  cubic  inches. 

Usually  a  on^-inch  measure  is  so  large  a  glass,  that  half  an  inch  is  con- 
sidered morfe  convenient. 

If  snow  falls  instead  of  rain,  it  must  be  melted  and  the  resulting  water 
measured.  This  may  be  easily  done  by  adding  a  measured  quantity  of  warm 
water,  and  then  subtracting  the  amount  from  the  total  bulk  of  water. 

From  the  table  of  the  weight  of  vapour  already  given,  it  will  be  seen  that 
the  amount  of  vapour  which  can  be  rendered  insensible,  increases  with  the 
temperature,  but  not  regularly ;  more,  comparatively,  is  taken  up  by  the  high 
temperatures;  thus,  at  40",  2*86  grains  are  supported;  at  50*,  4*10  grains,  or 
1*24  grains  more;  at  60*,  5*77  grains,  or  1*67  grains  more  than  at  50*. 
Therefore,  if  two  currents  of  air  of  unequal  temperatures,  but  equally  saturated 

*  A  glass  vessel  should  uot  be  used  in  winter,  for  fear  of  breakage  in  frost 
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with  moisture,  meet  in  equal  volume,  the  temperature  will  be  the  mean  of  the 
two,  but  the  amount  of  vapour  which  will  be  kept  invisible  is  less  than  the 
mean,  and  some  vapour  therefore  necessarUj  falls  as  fog  or  rain.  Thus  one 
saturated  current  being  at  40**,  and  the  other  at  60",  the  resultant  temperature 
will  be  60°,  but  the  amount  of  invisible  vapour  will  not  be  the  mean,  viz., 
4*315,  but  4*1 ;  an  amount  equal  t3  '215  will  therefore  be  deposited. 

Bain  is  therefore  owing  to  the  cooling  of  a  saturated  air,  and  rain  is  heaviest 
under  the  following  conditions, — ^when  the  temperature  being  high,  and  the 
amount  of  vapour  large,  the  hot  and  moist  air  soon  encounters  a  cold  air. 
These  conditions  are  chiefly  met  with  in  the  tropics,  when  the  hot  air,  saturated 
with  vapour,  impinges  on  a  chain  of  lofty  hills  over  which  the  air  is  cold. 
The  fall  may  be  130  to  160  inches,  as  on  the  Malabar  coast  of  India,  or  180 
to  220  in  Southern  Burmah,  or  600  at  Cherrapoonjee,  in  the  Khasyah  Hills. 
Even  in  our  own  country  the  hot  air  from  the  Gulf  Stream  impinging  on  the 
Cumberland  Hills  causes,  in  some  districts  a  fall  of  80,  100,  and  even  130 
inches  in  the  year. 

The  rainfall  in  different  places  is  remarkably  irregular  from  year  to  year ; 
thus  at  Bombay  the  mean  being  76,  in  1822  no  less  than  112  inches,  while 
in  1824  only  34  inches  felL 

The  amount  of  rain  in  the  different  foreign  stations  is  given  under  the 
respective  headings. 

SECTION  V. 

EVAPORATION, 

The  amount  of  evaporation  from  a  given  moist  surface  is  a  problem  of  great 
interest,  but  it  is  not  easy  to  determine  it  experimentally,  and  no  instrument 
is  issued  by  the  Army  Medical  Department  A  shallow  vessel  of  known 
area,  protected  round  the  rim  by  wire  to  prevent  birds  from  drinking,  is  filled 
with  a  known  quantity  of  water,  and  then,  weekly  or  monthly,  the  diminution 
of  the  water  is  determined,  the  amount  of  addition  by  rain  being  at  the  same 
time  determined  by  a  rain-gauge.  This  plan  takes  no  notice  of  dew,  and  is 
not  regarded  as  satisfactory. 

Another  plan  is  placing  water  under  a  cover,  which  may  protect  it  from  rain 
and  dew,  and  yet  permit  evaporation,  and  weighing  the  loss  daily.  It  is 
difficult,  however,  to  insure  that  the  evaporation  shall  be  equal  to  that  under 
the  free  heavens. 

A  third  plan  is  calculating  the  rate  of  evaporation  from  the  depression  of 
the  wet-bulb  thermometer,  by  deducting  the  elastic  force  of  vapour  at  the 
dew-point  temperature  from  the  elastic  force  at  the  air  temperature,  and  taking 
the  difference  as  expressing  the  evaporation.  This  difference  expresses  the 
force  of  escape  of  vapour  from  the  moist  surface. 

Instruments  termed  Atmometers  have  been  used  for  this  purpose ;  the  first 
was  invented  by  Leslie.  A  ball  of  porous  earthenware  was  fixed  to  a  glass 
tube,  with  divisions,  each  corresponding  to  an  amount  of  water  which  would 
cover  the  surface  of  the  ball  with  a  film  equal  to  the  thickness  of  ^q^^^th  part 
of  an  inch.  The  evaporation  from  the  surface  of  the  ball  was  then  read  off. 
Dr  Babington  has  also  invented  an  ingenious  "  Atmidometer."* 

The  amount  of  evaporation  is  influenced  by  temperature,  wind,  humidity 
of  the  air,  rarefaction  of  the  air,  degree  of  exposure  or  shading,  and  by  the 
nature  of  the  moist  surface ;  it  is  greater  from  moist  soil  than  horn,  water. 

The  amount  of  vapour  annually  rising  from  each  square  inch  of  water  sur- 

*  See  Negretti  and  Zambra's  Treatise,  p.  1 11,  for  detaila. 
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face  in  this  country  has  been  estimated  at  from  20  to  24  inches ;  in  the 
tropical  seas  it  has  been  estimated  at  from  80  to  130,  or  even  more  inches. 
In  the  Indian  Ocean  it  has  been  estimated  at  as  much  as  an  inch  in  twenty- 
four  hours,  or  365  in  the  year,  an  ahnost  incredible  amount  No  doubly* 
however,  the  quantity  is  very  great. 

It  requires  an  effort  of  imagination  to  realise  the  immense  distillation  which 
goes  on  from  the  tropical  seas.  Take  merely  60  inches  as  the  annual  distilla- 
tion, and  reckon  this  in  feet  instead  of  inches,  and  then  proceed  to  calculate 
the  weight  of  the  water  rising  annually  from  such  a  small  space  as  the  Bay 
of  Bengal.     The  amount  is  almost  incredible. 

This  distillation  of  water  serves  many  great  purposes ;  mixing  with  the  air 
it  is  a  vast  motive  power,  for  its  specific  gravity  is  very  low  ^'6235,  air  being 
1),  and  it  causes  an  enlargement  of  the  volume  of  air;  tne  moist  air  is 
therefore  much  lighter,  and  ascends  with  great  rapidity ;  the  distillation  also 
causes  an  immense  transference  of  heat  from  the  tropics,  where  the  evapora- 
tion renders  latent  a  great  amount  of  heat^,  to  the  extrartropical  region  where 
this  vapour  faUs  as  rain,  and  consequently  parts  with  its  latent  heat  The 
evaporation  also  has  been  supposed  to  be  a  great  cause  of  the  ocean  currents 
(Maury),  which  play  so  important  a  part  in  the  distribution  of  winds, 
moisture,  and  warmth. 

For  physicians  the  amount  of  evaporation  is  a  very  important  point,  not 
merely  as  influencing  the  moisture  of  the  air  abstractedly,  but  as  affecting 
the  evaporation  from  the  skin  and  lungs.  The  evaporating  power  of  the  air 
is  inversely  to  its  relative  humidity  in  a  still  air ;  it  is  of  course  influenced 
by  winds  and  their  temperature,  and  the  vessels  and  the  nerves  of  the  skin 
are  then  affected,  and  evaporation  may  be  accelerated  by  the  physical  condi- 
tions of  motion  and  warmth,  or  may  be  lessened  by  the  physiological  action 
of  the  wind.     The  problem  is  thus  a  complicated  one.     (See  Climate.) 

SECTION  VL 

WIND. 

Direction, — For  determining  the  direction  of  the  wind  a  vane  is  necessary. 
It  should  be  placed  in  such  a  position  as  to  be  able  to  feel  the  influence  of 
the  wind  on  all  sides,  and  not  be  subjected  to  eddies  by  the  vicinity  of  build- 
ings, trees,  or  hills.  The  points  must  be  fixed  by  the  compass ;  the  magnetic 
declination  being  taken  into  account ;  the  declination  of  the  place  must  be 
obtained  from  &e  nearest  Observatory ;  in  this  country  it  is  now  about  21** 
(or  two  points)  to  the  westward  of  true  nortL*  The  direction  of  the  wind 
is  registered  twice  daily  in  the  army  returns,  but  any  unusual  shifting  should 
receive  a  special  note.  The  course  of  the  wind  is  not  always  parallel  with  the 
earth;  it  sometimes  blows  slightly  downwards;  contrivances  have  been 
employed  to  measure  this,  but  the  matter  does  not  seem  important 

Various  plans  are  resorted  to  for  giving  a  complete  summary  of  the'winds, 
but  these  are  not  required  from  the  medical  ofOicer. 

Velocity, — ^A  small  Eobinson's  anemometer  is  now  supplied  to  each  station ; 
it  is  read  every  twenty-four  hours,  and  marks  the  horizontal  movement  in  the 
preceding  twenty-four  hours. 

This  anemometer  usually  consists  of  four  small  cup6,f  fixed  on  horizontal 
axes  of  such  a  length  (1*12  feet  between  two  cups),  that  the  centre  of  a  cup, 

*  ThuB  N.  magnetic  will  be  N.N.W.  tnie,  S.  magnetic  S.S.E.  trae,  and  so  on. 
t  The  current  of  air  is  opposed  one-fourth  more  by  a  concave  surface  than  by  a  conToz  one 
the  same  size. 
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in  reyolving  a  aidBj  paflseB  over  y^^th  of  a  mile^  the  circle  being  3*52  feet 
These  cups  revolve  with  a  third  of  the  wind's  velocity ;  500  revolutions  of 
the  cups  therefore  indicate  one  mile.  By  an  anangement  of  wheels,  the 
number  of  miles  traversed  by  the  cups  in  any  given  time  is  registered^ 

Osler^s  anemometer  is  a  laige  and  very  beistntifal  instrament  It  registers 
at  the  same  time  on  a  piece  of  paper  fitted  on  a  dram,  which  turns  with 
clockwork,  direction,  velocity,  and  pressure. 

Other  anemometers,  Land's,  Whewell's,  &c.,  need  not  be  described. 

The  average  velocity  of  wind  in  this  country  on  the  surface  of  the  earth  is 
from  six  to  eight  miles  per  hour ;  its  range  is  from  zero  to  60  or  even  70 
nules  per  hour,  but  this  last  is  very  rare ;  it  is  seldom  more,  even  in  heavy 
winds,  than  35  to  45  miles  per  hour.  In  the  hurricanes  of  the  Indian  and 
China  seas  it  is  said  to  reach  100  to  110  miles  per  hour. 

Force. — ^The  force  of  the  wind  is  reckoned  as  equal  to  so  many  pounds  or 
parts  of  a  pound  on  a  square  foot  of  surface.  Osler^s  anemometer  registers 
the  force  as  well  as  the  velocity  and  direction,  but  Eobinson's  (used  in  the 
army)  only  marks  the  velocity ;  the  force  must  then  be  calculated.  The  rule 
for  the  calculation  of  the  force  from  the  velocity  is  as  follows : — 

Ascertain  the  velocity  for  one  hour  by  observing  the  velocity  for  a  minute, 
and  multiplying  by  60 ;  then  square  the  hour  velocity  and  miQtiply  by  *005. 
The  result  is  the  pressure  in  pounds  or  parts  of  a  pound  per  square  foot. 

The  formula  is,  if  V= velocity  per  hour, 

V2  X  -005  =P. 
If  the  force  be  given,  the  velocity  may  be  found  : 

V2ocrp=v. 

When  no  anemometer  is  in  use,  the  Beaufort  scale  may  be  employed,  0  =» 
calm,  about  3  miles  an  hour, — and  12  »  hurricane,  90  miles  and  over. 


SECTION  vn. 

CLOUDS  (Plate  IX.) 

The  nomenclature  proposed  by  Howard*  is  now  universally  adopted. 
There  are  three  principal  forms  and  four  modifications. 

JFnncipal  Forms. 

CimLs. — ^Thin  filaments,  which  by  association  form  a  brush,  or  woolly  hair, 
or  a  slender  net- work.  They  are  very  high  in  the  atmosphere,  probably  more 
than  ten  nules,  but  the  exact  height  is  unknown.  It  has  even  been  questioned 
whether  they  are  composed  of  water ;  if  so,  it  must  be  frozen.  In  this  climate 
they  come  from  the  north-west. 

Cumulus. —  Hemifipherical  or  conical  heaps  like  mountains  rising  from  a 
horizontal  base ;  cumuli  are  often  compared  to  balls  of  cotton. 

Stratus. — ^A  widely-extended,  continuous  horizontal  sheet,  often  forming  at 
sunset 

Modifications* 

Cirro-cumulus. — Small  rounded,  well-defined  masses,  in  close,  horizontal 

arrangement ;  when  the  sky  is  covered  with  such  clouds  it  is  said  to  be  fleecy. 

Cirro-stratus, — ^Horizontal  strata  or  masses,  more  compact  than  the  cirri ;  at 

*  ClioiBte  oi  Loudon. 
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the  zenith  they  seeia  composed  of  a  numher  of  thin  clouds ;  at  the  horizon 
they  look  like  a  long  narrow  band. 

CunmUhdrcUus, — Cirro-stratus  blended  with  the  cumulus. 

Cumulo-drrihetratus,  Nimbus,  or  Rawrdoud, — A  horizontal  sheet  above 
which  the  cirrus  spreads,  while  the  cumulus  enters  it  laterally  or  from  below. 

Of  the  above  forms  Nos.  1,  2,  &  3  of  the  plate  (copied  by  permission  from 
Mr  Scott's  "  Instructions  ")  are  "  upper  "  clouds  :  the  others  are  "  lower  " 
clouds.  To  those  described  is  added  the  form  shown  in  No.  5,  viz..  Roll- 
cumultts,  which  consists  of  portions  of  cumulus  rolled  into  a  cylindrical  shape, 
and  either  separate  or  packed  together,  as  shown  in  the  plate.  Alongside  the 
names  in  the  plates  are  contractions,  which  ought  to  be  used  in  description. 

Estimation  of  Amx)unt  of  Cloud, — This  is  done  by  a  system  of  numbers — 0 
expresses  a  cloudless  sky,  10  a  perfectly  clouded  sky,  the  intermediate  num- 
bers various  degrees  of  cloudiness.  To  get  these  numbers,  look  midway 
between  the  horizon  and  zenith,  and  then  turn  slowly  round,  and  judge  as  well 
as  can  be  done  of  the  relative  amount  of  clear  and  clouded  sky.  This  is  to 
be  entered  without  reference  to  the  thickness  of  the  cloud  :  the  latter  may  be 
indicated  by  an  exponent  applied  to  the  figure  for  the  amount  of  cloud  (0 
slight,  2  great). 

SECTION  VIII. 

OZONE.* 

The  nature  of  ozone  has  been  already  referred  to  (p.  442). 

Papers  covered  with  a  composition  of  iodide  of  potassium  and  starch,  and 
exposed  to  the  air,  are  supposed  to  indicate  the  amount  of  ozone  present  in 
the  atmosphere.  Schonbein,  the  discoverer  of  ozone,  originally  prepared  such 
papers,  and  gave  a  scale  by  which  the  depth  of  blue  tint  was  estimated.  Sub- 
sequently similar  but  more  sensitive  papers  were  prepared  by  Dr  Moffat^  and 
lately  Mr  Lowe  has  improved  Moi&t's  papers,  and  has  also  prepared  some 
ozone  powders. 

The  papers  are  exposed  for  a  definite  time  to  the  air,  if  possible  with  the 
exclusion  of  light,  and  the  alteration  of  colour  is  compared  with  a  scale. 

Schdnbein's  proportions  are — 1  part  of  pure  iodide  of  potassium,  10  parts 
starch,  and  200  parte  of  water.  Lowe's  proportion  is  1  part  of  iodide  to  5 
of  starch ;  Mofiat's  proportion  is  1  to  2  J.  The  starch  should  be  dissolved  in 
cold  water,  and  filtered  so  that  a  clear  solution  is  obtained ;  the  iodide  is  dis- 
solved in  another  portion  of  water,  and  is  gradually  added.  Both  must  be 
perfectly  pure ;  the  best  arrowroot  should  be  used  for  starch. 

The  paper  prepared  by  being  cut  into  slips  (so  as  to  dry  quicker  and  to 
avoid  loss  of  the  powder  in  cutting)  and  soaked  in  distilled  water,  is  placed 
in  the  mixed  iodide  and  starch  for  four  or  five  hours,  then  removed  with  a 
pair  of  pincers,  and  slowly  dried  in  a  cool  dark  place,  in  a  horizontal  position. 
The  last  point  is  important,  as  otherwise  a  large  amount  of  the  iodide  drains 
down  to  one  end  of  the  paper,  and  it  is  not  equally  diflFused.  The  papers 
when  used  should  hang  loose  in  a  place  protected  from  the  sun  and  rain  :  a 
box  is  unnecessary  ;  they  should  not  be  touched  more  than  can  be  helped 
with  the  fingers  when  they  are  adjusted. 

When  Schonbein's  papers  are  used  they  are  moistened  with  water  after  ex- 
posure, but  before  the  tint  is  taken.     Moffat's  papers  are  prepared  somewhat 

*  For  a  faU  account  of  the  tests  for  ozone,  see  Dr  Fox*s  work  on  Ozone  and  Antozone,  1873, 
already  referred  to.  Alter  discussing  aU  the  tests,  he  gives  tiie  preference  to  the  iodine  plan. 
He  has  not  fouud  Schonbein's  thallium  method  satisfa^ry. 
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similaxly  to  Sehonbein's,  but  do  not  require  moistening  with  water.    Mr  Lowe 
has  lately  prepared  some  very  sensitive  papers  which  give  very  uniform  results. 
The  estimation  of  ozone  ia  still  in  a  very  unsatisfactory  state,  and  this  arises 
from  two  circumstances. 

1.  The  fact  that  other  substances  besides  ozone  act  on  the  iodide  of 
potassium,  especially  nitrous  acid^  which  is  formed  in  some  quantity  during 
electrical  storms.  Cloez  has  shown  that  air  taken  about  one  metre  above  the 
ground  often  contains  nitrous  acid  in  sufficient  quantity  to  redden  litmus. 
Starch  and  iodide  paper  is  coloured  when  air  contains  *00005  of  its  volume  of 
nitrous  acid. 

2.  The  fact  that  the  papers  can  scarcely  be  put  under  the  same  conditions 
from  day  to  day ;  light,  wind,  humidity,  and  temperature  (by  expelling  the 
free  iodine)  all  affect  the  reaction. 

Chemical  objections  have  also  been  made.*^  Supposing  that  iodine  is  set 
free  by  ozone,  a  portion  of  it  is  at  once  changed  by  additional  ozone  into 
iodozone,  which  is  extremely  volatile  at  ordinary  temperatures,  and  is  also 
changed  by  contact  with  water  into  free  iodine  and  iodic  acid.  Hence  a  por- 
tion of  the  iodine  originally  set  free  never  acts  on  the  starch,  being  either 
volatilised  or  oxidised.  Again,  the  iodine  and  caustic  potash  set  free  by  the 
ozone  combine  in  part  again,  and  form  iodate  and  iodide  of  potassium  (^th  of 
the  former  and  ^ths  of  the  latter),  and  in  this  way  the  blue  colour 
of  iodide  of  starch  first  produced  may  be  removed.  The  ozone  may 
possibly,  and  probably,  act  on  and  oxidise  the  starch  itself,  and  hence  another 
error. 

The  conclusion  arrived  at  by  the  Vienna  congress  was  the  following: 
"  The  existing  methods  of  determining  the  amount  of  ozone  in  the  atmosphere 
are  insufficient,  and  the  congress  therefore  recommends  investigations  for  the 
discovery  of  better  methods." 

SECTION  IX. 

ELECTRICITY. 

The  instruments  used  by  meteorologists  are  simple  electroscopes,  with  two 
gold-leaf  pieces  which  diverge  when  excited,  or  dry  galvanic  piles  acting  on 
gold-leaf  plates  or  an  index  attached  to  a  Leyden  jar  (Thomson's  Electrometer). 
For  further  details  see  Scott's  "  Instructions,"  op,  dt 

SECTION  X. 

THERMOMETER  STAND. 

A  stand  is  issued  by  the  War-office,  and  will  be  provided  at  every  station. 
Or  it  would  be  very  easy  to  make  a  stand  by  two  or  three  strata  of  boards, 
placed  about  6  inches  apart,  so  as  to  form  a  kind  of  sloping  roof  over  the  ther- 
mometers, which  are  suspended  on  a  vertical  board. 

The  dry  and  wet  bulb  thermometers  are  placed  in  the  centre ;  the  maximum 
on  the  right  side,  and  the  minimum  on  the  left  The  wood  should  be  cut 
away  behind  the  bulbs  of  the  maximum  and  minimum  thermometers,  so  as  to 
expose  them  freely  to  the  air.  The  bulbs  of  the  dry  and  wet  bulbs  should 
also  fall  below  the  board.  In  the  regular  stands,  the  pole  is  made  to  rotate, 
so  as  to  turn  the  roof  always  to  the  sun. 

A  much  better  stand  is  Stevenson's  screen,  a  square  or  oblong  box,  with 

*  Beitrage  zur  Ozonouetrie,  von  Dr  v.  Maacli ;  Archiv.  ftir  Wiss.  Heilk.  band,  ii  p.  29. 
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lonyted  sides  and  open  below.     This  is  raised  upon  legs  four  feet  from  ihe 
ground,  placed  upon  grasa     (See  Scotf  s  **  Instructionfi,  "  fig.  10,  p.  41.). 

SECTION  XL 

WEATHER. 

In  registering  the  kind  of  weather  it  is  well  to  adhere  to  the  Beaufort  notar 
tion  and  symbols,  which  are  carefully  explained  in  Scotf s  *'  Instructions.'' 
Columns  are  gi^en  in  the  return  to  be  filled  up  in  this  way. 

SECTION  XIL 

DISEASES  AND  VARIATIONS  IN  THE  METEOROLOGICAL 

ELEMENTS. 

The  variation  in  the  prevalence  of  diiferent  diseases  at  a  particular  place, 
in  connection  with  the  simultaneous  variation  of  meteorological  elements,  is 
an  old  inquiry  which  has  at  present  led  to  few  results.  The  reason  of  this  is, 
that  the  meteorological  elements  are  only  a  few  out  of  a  great  many  causes 
afiecting  the  prevalence  and  severity  of  diseases.  Consequently,  in  order  to 
estimate  the  real  value  of  changes  of  temperature,  pressure,  humidity,  ozone, 
&c.,  the  other  causes  of  disease,  or  of  variations  in  prevalence  or  intensity, 
must  be  recognised  and  eHminated  from  the  inquiry.  The  best  of  the  late  ob- 
servations are  those  by  Guy,  Eansome,  Yemon,  Moffat,  Tripe,  Scoresby- 
Jackson,  and  Ballard.*  The  observations  of  the  last-named  observer  are  very 
elaborate  and  careful,  but  I  hesitate  to  cite  them  as  certain  until  they  are  con- 
firmed. They  indicate  a  rise  in  the  amount  of  sickness  with  a  nse  in  tempera- 
ture, but  that  certain  supplementary  meteorological  conditions  (such  as  the 
temperature  of  the  night,  the  daily  range,  variations  in  humidity,  rainfall, 
direction  of  wind),  all  affect  the  result.  The  amount  of  previous  change  in 
the  amount  of  sickness  also  influences,  and  in  fact  it  is  evident  that  the 
problem  is  in  a  high  degree  complicated. 

*  Medioo-Chimrgical  Transactions,  toL  i.  p.  60. 


CHAPTER   XVI. 

« 

INDIVIDUAL  HYGIENIC  MANAGEMENT. 

This  subject  is  an  extremely  large  one,  and  tlie  object  of  this  book  does  not 
allow  me  to  discuss  it.  It  would  require  a  volume  to  itself.  I  can  merely 
here  make  a  few  very  general  remarks^  The  application  of  general  hygienic 
rules  to  a  particular  case  constitutes  individual  management. 

It  is  impossible  to  make  general  rules  sufficiently  elastic,  and  yet  precise 
enough,  to  meet  every  possible  case.  It  is  sufficient  if  they  contain  principles 
and  precepts  which  can  be  applied.  While  individual  hygiene  should  be  a 
matter  of  study  to  all  of  us,  it  is  by  no  means  desirable  to  pay  a  constant  or 
minute  attention  to  one's  own  healtL  Such  care  will  defeat  its  object  We 
should  only  exercise  that  reasonable  care,  thought^  and  prudence  which,  in  a 
matter  of  such  moment,  every  one  is  bound  to  take. 

Every  man,  for  example,  who  considers  the  subject  hand  fide,  is  the  best 
judge  of  the  exact  diet  which  suits  him.  If  he  understands  the  general  prin- 
ciples of  diet^  and  remembers  the  Hippocratic  rule,  that  the  amount  of  food 
and  exercise  must  be  balanced,  and  that  evil  results  from  excess  of  either,  he 
is  hardly  likely  to  go  wrong. 

"  Temperance  and  exercise,''  was  the  old  rule  laid  down,  even  before 
Hippocrates,*  as  containing  the  essence  of  health ;  and  if  we  translate  temper- 
ance by  '^  sufficient  food  for  wants,  but  not  for  luxuries,"  we  shall  express 
the  present  doctrine. 

The  nutrition  of  the  body  is  so  affected  by  individual  peculiarities,  that 
there  is  a  considerable  variety  in  the  kind  of  food  taken  by  different  persons. 
The  old  rule  seems  a  good  one,  viz.,  while  conforming  to  the  general  principles 
of  diet^  not  to  encourage  too  great  an  attention  either  to  quantity  or  to  quality, 
but  avoiding  what  experience  has  shown  to  be  manifestly  bad,  either  generally, 
or  for  the  particular  individual,  to  allow  a  considerable  variety  and  change  in 
amount  from  day  to  day,  according  to  appetite.!  Proper  and  slow  mastication 
of  the  food  is  necessary ;  and  it  is  extraordinary  how  many  affections  of  the 
stomach  called  dyspepsia  arise  simply  from  faulty  mastication,  from  deficient 
teeth,  or  from  swallowing  the  food  too  rapidly.     Many  persons  who  are  too 

*  It  is  quite  plain  from  the  context,  that  Hippocrates,  by  temperance,  meant  inch  an  amount 
of  food  as  would  balance,  and  neither  exceed  nor  fall  short  of  the  exercise.  He  had  a  clear  con- 
ception of  the  development  of  mechanical  force  from,  and  its  relation  to,  food.  He  lavs  down 
rales  to  show  when  the  diet  is  in  excess  of  exercise,  or  the  exercise  in  excess  of  diet.  In  either 
case  he  traces  disease. 

+  Celsus  carried  the  plan  of  variety  so  far  as  to  reoommend  that  men  should  sometimes  eat 
and  drink  more  than  is  proper,  and  should  sometimes  not  exceed;  and  Lord  Bacon  has  a 
remark  which  leads  one  to  brieve  he  held  a  similar  opinion ;  but  there  can  be  no  doubt  of  the 
incorrectness  of  this  opinion.  It  has  been  trolv  said  that  the  first  general  rule  of  Hippocrates, 
which  prescribes  contmual  moderation,  is  much  truer,  and  the  best  writers  on  hygiene,  ancient 
and  modem,  have  decided  against  Celsus.  Besides  being  erroneous,  the  rule  of  Celsus  opens  a 
door  to  intemperance,  and,  like  a  harmless  sentence  in  Hippocrates,  has  been  twisted  to  serve 
the  argument  of  gourmands.  Its  influence  is  felt  even  at  the  present  day.  This  much  is 
certain,  that  prob^ly  30  per  cent  of  the  persons  who  consult  physicians  owe  their  diseases  in 
some  way  to  iood,  and  in  many  cases  they  are  perfectly  aware  themselves  of  their  error  or  bad 
habit,  but,  with  the  singular  inconsistency  of  human  nature,  either  conceal  it  from  the  man  to 
whom  they  are  professing  perfect  openness,  or  manage  to  blial  thenuelves  to  its  existence. 
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thin  are  so  from  their  own  hahits ;  they  eat  chiefly  meat,  and  eat  it  veiy  fast ; 
they  should  eat  slowly,  and  take  more  bread  and  starchy  substances.  Fat 
persons,  on  the  other  hand,  by  lessening  the  amount  of  starch,  and  taking 
more  exercise,  can  lessen  with  the  greatest  ease  the  amount  of  fat  to  any 
amount.  It  must  be  remembered,  however,  that  there  is  a  certain  individual 
conformation  in  this  respect;  some  persons  are  nonyally  fatter  or  thinner  than 
others,  ... 

The  exact  amount  of  exercise  must  also  be  a  matter  of  individual  decision, 
it  being  remembered  that  great  exercise  in  the  free  air  is  a  paramount  condition 
of  health,  and  that  the  healthiest  persons  are  those  who  have  most  of  it  As 
a  rule,  persons  take  far  too  little  exercise,  especially  educated  women,  who  are 
not  obliged  to  work,  and  the  muscles  are  too  often  flaccid  and  ill-nourished.* 

Attention  to  the  skin  is  another  matter  of  personal  hygiene.  The  skin 
must  be  kept  perfectly  clean,  and  well  clothed.  Some  writers,  indeed,  have 
advised  that,  if  food  be  plentiful,  few  clothes  be  worn;  but  the  best 
authors  do  not  agree  in  this,  but  recommend  the  surface  to  be  well  protected. 
For  cleanliness,  cold  bathing  and  friction  hold  the  first  rank.  The  effect  of 
cold  is  to  improve  apparently  the  nutrition  of  the  skin,  so  that  it  afterwards 
acts  more  readily,  and  when  combined  with  friction,  it  is  curious  to  see  how 
the  very  colour  and  texture  of  the  skin  manifestly  improve. 

The  effect  of  heat  on  the  skin,  and  especially  the  action  of  the  Eoman  or 
Turkish  baths,  and  their  action  on  health,  have  certainly  not  yet  been  properly 
worked  out,  in  spite  of  the  numerous  papers  which  have  been  written.  It 
has  not  been  proved  that  the  strong  action  of  the  Turkish  bath  is  more 
healthy  in  the  long  run  than  the  application  of  cold  water.  As  a  curative 
agent,  it  is  no  doubt  extremely  useful ;  but  as  a  daily  custom,  it  is  yet  suh 
judice.  Certainly  it  should  not  be  used  without  the  concluding  application 
of  cold  to  the  surface. 

Attention  has  been  often  very  properly  directed  to  the  effect  of  lead  and 
mercurial  hair-dyes.  It  may  be  worth  while  to  notice  that  there  is  a  case  on 
recordf  in  which  not  only  was  paralysis  produced  by  a  lead  hair-wash,  but 
lead  was  recovered  from  the  base  of  the  left  hemisphere  of  the  brain.  Snuff 
containing  lead  has  also  caused  poisoning. 

The  care  of  the  bowels  is  another  matter  of  personal  hygiene,  and  is  a  matter 
of  much  greater  difficulty  than  at  first  sight  appears.  Constipation,  as 
allowing  food  to  remain  even  to  decomposition,  as  leading  to  distention  and 
sacculation  of  the  colon,  and  to  haemorrhoids,  is  to  be  avoided,  But,  on  the 
other  hand,  the  constant  use  of  purgative  medicine  is  destructive  of  digestion 
and  proper  absorption ;  and  the  use  of  clysters,  though  less  hurtful  to  the 
stomach,  and  less  objectionable  altogether,  is  by  no  means  desirable^  On  the 
whole,  it  would  seem  that  proper  relief  of  the  bowels  can  be  usually  insured 
by  exercise,  and  especially  by  bringing  the  abdominal  muscles  into  play,  and 
by  the  use  of  certain  articles  of  diet — ^viz.,  pure  water  in  good  quantity  with 
meals,  the  use  of  bran  bread,  honey,  and  .such  gently  laxative  food ;  and  that 
if  these  do  not  answer  well,  it  is  better  to  allow  a  certain  amount  of  constipa- 
tion than  to  fall  into  the  fiequent  use  of  purgative  medicines. 

The  regulation  of  the  passions  must  also  be  left  to  the  individuaL  The 
control  of  morals  has  baffled  the  exertions  of  the  priest  and  the  statesman ; 
but  perhaps  the  influence  of  sexual  irregularities  on  health  has  never  been 

*  Compaie  the  imperfect  deyelopment  of  the  muscles  of  the  arms  in  ladies,  as  shown  by  the 
low  eyening  dresses^  with  the  women  of  the  working  classes.  No  one  can  doubt  which  is 
Healthiest  or  which  is  the  most  beautiful,  until  excess  of  woik  develops  in  the  muscles  of  the 
labouring  women  the  too  hard  outlines  of  middle  life. 

'^  Yiidiow*8  Arohiv,  band  Till.  p.  177. 


INDIVIDUAL  HYGIENIC  MANAGEMENT.  471 

made  the  subject  of  judicious  education.  The  period  of  puberty  corresponds 
with  the  most  important  period  of  growth,  when  the  bones  are  consolidating 
and  uniting,  and  both  muscles  and  nerves  are  largely  absorbing  nourishment, 
and  are  developing  to  their  fullest  power.  The  too  early  use  of  sexual  con- 
gress, and  even  more  the  drain  on  the  system  produced  by  solitary  vice,  arrests 
this  development  to  a  considerable  extent,  and  prevents  the  attainment  of  the 
strength  and  endurance  which  would  insure  a  healthy,  vigorous,  and  happy 
life.  The  venereal  diseases,  which  so  waste  many  of  the  younger  men,  form 
only  an  itenl'  in  the  catalogue  of  evila — evils  which  affect  at  a  subsequent 
period  wives  and  children,  and  by  undermining  the  health  and  happiness  of 
the  family,  influence  the  state  itself.  We  know  that  a  wide-spread  profligacy 
has  eaten  away  the  vigour  of  nations,  and  caused  the  downfall  of  states ;  but 
we  hardly  recognise*  that,  in  a  less  degree,  the  same  causes  are  active  among 
us,  and  never  realise  what  a  state  might  be  if  its  citizens  were  temperate  in 
all  things.  It  may  be  difficult  to  teach  these  points  to  the  young,  and  to  urge 
upon  them,  for  their  own  and  other's  sakes,  the  regulation  of  the  passions 
which  physiology  teaches  to  be  necessary  for  personal  happiness,  for  the 
welfare  of  the  offspring,  and  for  healthy  family  life ;  but  I  think  few  can 
doubt  that,  in  some  way,  the  knowledge  should  be  given. 

The  amount  of  mental  work,  and  the  practice  of  general  good  temper  and 
cheerfulness  and  hope,  are  other  points  which  each  man  must  himself  controL 
Great  mental  work  can  be  borne  well  if  hygienic  principles  of  diet,  exercise, 
&c.,  be  attended  to.  The  old  authors  paid  great  attention  to  the  regimen  of 
men  engrossed  in  literary  work,  and  laid  down  particular  rules,  insisting 
especially  on  a  very  careful  and  moderate  diet,  and  on  exercise.* 

Hope  and  cheerfulness  are  great  aids  to  health,  no-  doubt,  from  their  effect 
on  digestion.  Usually,  too,  they  are  combined  with  a  quick  and  active 
temperament,  and  with  rapid  Bodily  movements  and  love  of  exercise. 

The  individual  application  of  general  hygienic  rules  will  differ  according  to 
the  sex  and  age,t  and  the  circumstances  of  the  person.  In  the  case  of 
children,  we  have  to  apply  the  general  rules  with  as  much  caution  and  care  as 
possible,  as  we  must  depend  on  external  evidence  to  prove  their  utility.  In 
the  case  of  adults,  individual  experience  soon  shows  whether  or  not  a  pre- 
scribed rule  is  or  is  not  beneficial,  and  what  modification  must  be  made  in  it. 
It  is  not,  however,  every  grown  person  who  has  the  power  to  modify  or 
change  his  condition.  He  may  be  under  the  influence  of  others  who,  in  fact, 
arrange  for  him  the  circumstances  of  his  life.  But  still,  in  no  case  is  all  self- 
control  taken  away ;  the  individual  can  always  influence  the  conditions  of 
his  own  health. 

Were  the  laws  of  health  and  of  physiology  better  imderstood,  how  great 
would  be  the-  effect  1  Let  us  hope  that  matters  of  such  great  moment  may 
not  always  be  considered  of  less  importance  than  the  languages  of  extinct 
nations,  or  the  unimportant  facts  of  a  dead  history. 

*  Plutarch,  whose  rales  on  health  are  excellent  and  chiefly  taken  from  Hippocrates,  compares 
the  OTer-studioos  man  to  the  camel  in  the  fable,  who,  refosing  to  cane  the  ox  in  due  time  of  his 
load,  was  forced  at  last  to  carry  not  only  the  ox's  own  load,  but  the  ox  himself,  when  he  died 
under  his  burden. 

i*  Galen  was  the  first  who  pointed  out  explicitly  that  hydenic  rules  must  be  different  for 
infancy,  youth,  manhood,  and  old  ase — a  fourfold  division  which  is  still  the  best.  Pythagoras, 
Iccus,  Herodicus,  Hippocrates,  Poly  bus.  Diodes,  Celsus,  and  others  who  pre(;eded  Galen,  appear 
to  have  framed  rules  chiefly  for  male  adults.  Galen  sub-divided  the  subject  much  more  sys- 
tematically. (For  a  good  short  account  of  the  early  systems,  see  Mackenzie  on  The  History 
of  Health,  and  the  Ait  of  Preserving  it,  1758.) 


CHAPTER   XVIL 
DISPOSAL   OF    THE    DEAD. 

Iv  densely  populated  countries  the  disposal  of  the  dead  is  always  a  qne&< 
tion  of  difficulty.  If  the  dead  aie  huried,  so  great  at  last  is  the  accumula- 
tion of  bodies  that  the  whole  country  round  a  great  city  becomes  gradually  a 
vast  cemetery.^  In  some  soils  the  decomposition  of  bodies  is  very  slow,  and 
it  is  many  years  before  the  risk  of  impurities  passing  into  air  and  water  is  re- 
moved. 

After  death  the  buried  body  returns  to  its  elements,  and  gradually,  and 
often  by  the  means  of  other  forms  of  life  which  prey  on  it,  a  large  amount  of 
it  forms  carbonic  acid,  ammonia,  sulphuretted  and  carburetted  hydrogen, 
nitrous  and  nitric  acids,  and  various  more  complex  gaseous  products,  many 
of  which  are  very  foetid,  but  which,  however,  are  eventually  all  oxidised  into 
the  simpler  combinations.  The  non-volatile  substances,  the  salts,  become  con- 
stituents of  the  soil,  pass  into  plants,  or  are  carried  away  into  the  water  per- 
colating through  the  ground.  The  hardest  parts,  the  bones,  remain  in  some 
soils  for  many  centuries,  and  even  for  long  periods  retain  a  portion  of  their 
animal  constituents. 

If,  instead  of  being  buried,  the  body  is  burned,  the  same  process  occurs 
more  rapidly  and  with  different  combinations ;  carbonic  acid,  carbonic  oxide  (1), 
nitrogen,  or  perhaps  combinations  of  nitrogen,  water,  &c.,  are  given  of^ 
and  the  mineral  constituents,  and  a  little  carbon,  remain  behind. 

A  community  must  always  dispose  of  its  dead  either  by  burial  in  land  or 
water,  or  by  burning,  or  chemic^  destruction  equivalent  to  burning,  or  by 
embalming  and  preserving.  Accustomed  as  we  are  to  land  burial,  there  is 
something  almost  revolting,  at  first  sight,  at  the  idea  of  making  the  sea  the 
sepulchre,  or  of  burning  the  dead.  Yet  the  eventual  dispersion  of  our  frames 
is  the  same  in  all  cases ;  and  it  is  probably  a  matter  merely  of  custom  which 
makes  us  think  that  there  is  a  want  of  affection,  or  of  care,  if  the  bodies  of  the 
dead  are  not  suffered  to  repose  in  the  earth  that  bore  them. 

In  reality,  neither  affection  nor  religion  can  be  outraged  by  any  manner  of 
disposal  of  the  dead  which  is  done  with  proper  solemnity  and  respect  to  the 
earthly  dwelling-place  of  our  friends.  The  question  should  be  placed  entirely 
on  sanitary  grounds,  and  we  then  shall  judge  it  rightly. 

What,  then,  is  the  best  plan  of  disposing  of  the  dead,  so  that  the  living 
may  not  suffer  1 

It  seems  hardly  likely  that  the  practice  of  embalming  or  mummifying  will 

*  Nothing,  perhaps,  testifies  more  strongly  to  the  antiqnity  and  the  extent  of  the  ancient 
cities  in  Anatolia  than  the  vast  sepulchral  remains.  On  tlie  site  of  Old  Dardanus,  the  mother 
of  Troy,  and  stretching  Ax>m  the  Hellespont  for  two  or  three  miles  into  the  hills,  the  whole 
country  is  honeycoml^d  with  tombs.  It  is  the  same  in  the  neighbourhood  of  Troy.  The 
burial  of  the  dead,  though  practised  by  the  most  ancient  nations,  was  afterwards  superseded 
by  burning,  and  was  only  subsequently  returned  to.  As,  therefore,  these  graves  represent 
only  a  portion  of  the  duration  of  the  city,  the  immense  assemblage  of  tombs  is  the  more  remaric- 
able,  and  it  is  impossible  to  avoid  the  conclusion  that  these  great  cities  must  have  flourished 
for  periods  far  longer  than  those  which  have  elapsed  since  London  or  Paris,  for  example,  became 
large  centres  of  populatian. 
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sver  again  become  commoiL  What  is  the  Tise  of  pieeerving  for  a  few  more 
years  the  remains  which  will  be  an  object  of  indiiference  to  future  genera- 
tions ?  The  next  logical  step  would  be  to  enshrine  these  remains  in  some  way 
so  as  to  insure  their  preservation,  and  we  should  return  to  the  vast  burial 
mounds  of  f^;ypL  The  question  will  lie  between  burial  in  the  land  or  at  sea^ 
and  burning. 

At  present  the  question  is  not  an  urgent  one ;  but  if  the  population  of 
Europe  continues  to  increase^  it  will  become  so  in  another  oentiuy 
or  two.  Already  in  this  country  we  have  seen,  in  our  own  time,  a  great 
change ;  the  objectionable  practice  of  interment  under  and  round  churches  in 
towns  has  been  giren  up,  and  the  population  is  buried  at  a  distance  from 
their  habitations.  For  the  present  that  measure  will  probably  suffice,  but  in 
a  few  years  the  question  will  again  inevitably  present  itself. 

Burying  in  the  groimd  appears  certainly  the  most  insanitary  plan  of  the 
three  method&  The  air  over  cemeteries  is  constantly  contaminated,  and  water 
(which  may  be  used  for  drinking)  is  often  highly  impure.  Hence,  in  the 
vicinity  of  graveyards  two  dangers  to  the  population  arise,  and  in  addition, 
from  time  to  time^  the  disturbance  of  an  old  graveyard  has  given  rise  to 
diseasei  It  is  a  matter  of  notoriety  that  the  vicinity  of  graveyards  is 
unhealthy.  How  are  these  dangers  to  be  avoided  %  The  dead  may  be  buhed 
in  more  or  less  air-tight  vaults  ;  here  decay  is  slow  ;  the  products  form  and 
escape  slowly,  though  they  must  eventually  escape ;  the  air  and  water  are  less 
contaminated.  But  the  immense  expense  of  such  a  plan  renders  it  impossible 
to  adopt  it  for  the  community  generally.  Deep  burying  has  the  advantage 
of  greater  filtration,  both  for  air  and  water,  than  shallow  burying,  and  hence 
it  is  a  good  rule  to  make  the  grave  as  deep  as  possible,  and  to  allow  no  more 
than  one  body  in  a  grava  The  admixture  of  quicklime  has  been  advised ; 
it  absorbs  some  carbonic  acid,  and  forms  sulphuret  of  calcium  with  the  sulphur 
and  sulphuretted  hydrogen,  but  this  itself  soon  decomposes,  so  that  the  ex- 
pense of  quicklime  seems  hardly  commensurate  with  the  result  Charcoal 
would  absorb  and  oxidise  the  fcetid  organic  matter,  and,  if  sufficiently  cheap, 
would  be  a  valuable  substance  to  be  heaped  in  graves ;  but  its  cost  would  be 
probably  too  great,  nor  does  it  entirely  hinder  putrefaction  and  the  evolution 
of  foul-smelling  substances  (H  Barker).  If  a  body  has  to  be  kept  unburied 
for  some  time,  sawdust  and  sulphate  of  zinc,  in  the  proportion  of  two  parts  to 
one,  has  been  found  by  Herbert  Barker,*  to  be  the  best  application ;  a  thin 
layer  is  put  over  the  dead  body  ;  or  sawdust  is  sprinkled  on  the  body,  and 
then  two  or  three  ounces  of  carbolic  acid  thrown  over  it. 

The  only  means  which  present  themselves,  as  applicable  in  all  cases,  are  the 
deep  burial  and  the  use  of  plants,  closely  placed  in  the  cemetery.  There  is  no 
plan  which  is  more  efficacious  for  the  absorption  of  the  organic  substances, 
and  perhaps  of  the  carbonic  acid,  than  plants,  but  it  would  seem  a  mistake  to 
use  only  the  dark,  slow-growing  evergreens.  The  object  should  be  to  get  the 
most  rapidly  growing  trees  and  shrubs,  and,  in  fact,  there  is  no  reason,  except 
a  feeling  of  sentiment,  why  we  should  introduce  into  our  cemeteries  the  gloomy 
and  melancholy  cypress  and  yew.  Mr  Seymour  Haden  has  called  attention 
to  the  supposed  advantages  of  perishable  coffins^  so  that  the  putrefactive 
changes  may  be  carried  out  as  quickly  as  possibla  And  certainly,  if  burying 
is  to  continue,  it  seems  reasonable  that  no  undue  obstacle  should  be  placed  in 
the  way  of  changes  which  are  sooner  or  later  inevitable. 

When,  in  the  course  of  years,  it  becomes  imperative  to  reconsider  this  ques- 
tion, and  land  burial  will  have  to  be  modified^  many  arguments  will  present 

*  DeodoiisatioQ  and  DiBinfection,  Britiah  Medical  Journal,  January  1866. 
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themselves  to  maritime  nations  in  favour  of  burying  in  tlie  sea  ratter  tlian  of 
burning.  It  is  true  that  the  impurities  in  burning  can  be  well  diffused  into 
the  atmosphere  at  large,  and  would  not  add  to  it  any  perceptible  impurity. 
But  if  the  burning  is  not  complete,  foetid  oi^nic  matters  are  given  ofE^  which 
hang  cloud-like  in  the  air  and  may  be  perceptible,  and  even  hurtful  As  a 
matter  of  expense,  too,  the  system  of  incremation  would  be  greater  than  the 
burial  at  sea.  In  the  burial  at  sea,  some  of  the  body  at  least  would  go  at  once 
to  support  other  forms  of  life,  more  rapidly  than  in  the  case  of  land  burial, 
and  without  the  danger  of  evolution  of  hurtful  products. 

Burning,  or  cremation,  has  attracted  much  attention  of  late  yeara  In  this 
country  the  subject  has  bee^  discussed  by  Sir  Henry  Thompson  and  Mr 
Eassie,  and  abroad  much  has  been  written,  especially  in  Germany  and  Italy,  in 
both  which  countries  the  method  has  been  practically  tried.  It  would  certainly 
appear  that  the  body  can  be  disposed  of  in  a  very  short  time  and  in  an 
inoffensive  manner,  while  the  expense  would  unquestionably  be  much  reduced 
if  the  practice  became  general 

In  time  of  war,  and  especially  in  the  case  of  beleagured  fortresses,  the  dis- 
posal of  the  dead  becomes  often  a  matter  of  difficulty.  In  that  case  burning 
may  have  to  be  resorted  to.  If  the  bodies  are  buried,  they  should  always  be 
at  as  great  a  distance  as  possible,  and  as  deep  as  they  can  be.  If  procurable, 
charcoal  should  be  thrown  over  them  ;  if  it  cannot  be  obtained,  sawdust  and 
sulphate  of  zinc,  or  carboKc  acid  may  be  employed.  Quicklime  is  also  com- 
monly used,  but  is  less  useful 

At  Metz,  in  1870,  the  following  plan  was  adopted  : — ^A  pit  of  about  17 
feet  in  depth  was  filled  with  dead,  disposed  of  as  follows  : — ^A  row  of  bodies 
was  laid  side  by  side  ;  above  this  a  second  row  was  placed,  with  the  heads 
laid  against  the  feet  of  the  first  row ;  the  third  row  were  placed  across,  and  the 
fourth  row  in  the  same  way,  but  with  the  heads  to  the  feet  of  the  former  ; 
the  fifth  row  were  placed  as  No.  1,  and  so  on.  Between  each  layer  of  bodies 
about  an  inch  of  lime,  in  powder,  was  placed.  Prom  90  to  100  bodies  were 
thus  arranged  on  a  length  of  6J  feet,  and  reached  to  about  6  feet  from  the 
surface ;  the  pit  was  then  filled  up  with  earth,  and  though  8400  bodies  were 
put  in  that  pit,  there  were  no  perceptible  emanations  at  any  time. 

Around  Metz  the  graves  of  men  and  horses  and  cattle  were  disinfected  with 
lime,  charcoal,  and  sulphate  of  iron.  Immense  exertions  were  made  to  clean  and 
disinfect  the  camps  and  battle-fields,  and  in  the  month  of  May  1871,  from 
1 200  to  1 600  labourers  were  employed  by  the  Grermans.  Wherever  practicable, 
the  ground  was  sown  with  oats  or  barley,  or  grasa  The  hillocks  formed  by 
the  graves  were  planted  with  trees. 

In  many  cases,  at  Metz,  bodies  were  dug  up  by  the  Germans  when  there 
was  any  fear  of  water-courses  being  contaminated,  or  if  houses  were  near. 
On  account  of  the  danger  to  the  workmen,  graves  containing  more  than  six 
bodies  were  left  untouched,  and  the  work  was  always  done  under  the 
immediate  superintendence  of  a  physician.  The  earth  was  removed  carefully, 
but  not  far  enough  to  uncover  the  corpse ;  then  one  end  of  the  corpse  was 
uncovered,  and  as  soon  as  uniform  or  parts  of  the  body  were  seen,  chloride  of 
lime  and  sawdust,  or  charcoal  and  carbolic  acid,  put  in ;  the  whole  earth  round 
the  body  was  thus  treated,  and  the  body  at  length  laid  bare,  lifted  and  earned 
away.     The  second  body  was  then  treated  in  the  same  way. 

Near  Sedan,  where  there  were  many  bodies  very  superficially  buried, 
burning  was  had  recourse  to.  Straw  mixed  with  pitch  was  put  into  the 
graves,  and  was  Hghted :  1  ton  of  pitch  sufficed  for  from  15  to  20  bodiea 
Opinions  as  to  this  practice  were  divided,  and  it  is  not  certain  how  many 
graves  were  thus  dealt  with.     It  seems  probable  that  only  the  surface  of  the 
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body  was  burnt,  and  when  many  bodies  were  together  in  one  grave  some 
were  not  touched  at  all  On  the  whole,  the  experiment  appears  to  have  been 
TinsuccessfuL 

The  Belgian  experience  at  Sedan  was  in  favour  of  employing  chloride  of 
lime,  nitric  acid,  sulphate  of  iron,  and  chlorine  gas.  Carbolic  acid  did  not 
answer  so  welL  The  sulphate  of  zinc  and  charcoal,  which  Barker  found  so 
useful,  was  not  tried. 

Mr  Eassie  Jms  lately  called  attention  to  the  desirability  of  an  ambulatory 
crenmtion  fumace  for  the  disposal  of  bodies  in  war.  If  such  an  arrangement 
proved  practicable,  it  would  unquestionably  be  of  immense  advantage  from  a 
Hygienic  point  of  view. 


CHAPTER    XVIII. 

ON  THE  PEEVENTION  OF  SOME  IMPOETANT  AND 

COMMON  DISEASES. 

There  are  two  modes  by  which,  we  may  attempt  to  prevent  the  occmrence  of 
disease. 

1.  By  conforming  with  the  general  rules  of  hygiene,  by  which  the  body 
and  mind  are  brought  into  a  state  of  more  vigorous  health. 

2.  By  inyestigatLQg  and  removing  the  causes  of  the  diseases  which  we  find 
actually  in  operation.  This  part  of  the  inquiry  is  in  fact  a  necessary  supple- 
ment to  the  other,  though  iu  proportion  to  the  observance  of  the  general  rules 
of  hygiene,  the  causes  of  disease  will  gradually  be  removed.  At  present^ 
however,  we  have  to  deal  with  the  facts  before  us, — ^viz.,  that  there  are  a 
great  number  of  diseases  actually  existent  which  must  form  the  subject  of 
investigation.  We  proceed  in  this  case  from  the  particular  to  the  general, 
whereas,  in  the  first  mode,  we  deduce  general  rules  which  have  to  be  applied 
to  individual  instancea 

Hygiene  is  in  this  direction  an  application  of  etiology,  and  etiology  is  the 
philosophy  of  medicine ;  while  in  its  turn  the  very  foundation  and  basis  of 
etiology  is  an^accurate  diagnosis  of  disease.  Unless  diseases  are  completely 
identified,  all  inquiry ^into  causes  is  hopeless.  Let  us  remember,  for  example, 
what  utter  confusion  prevailed  in  our  opinions  as  to  causes  and  preventive 
measures  at  the  time  when  typhus  and  typhoid  fevers  were  considered 
identical,  or  when  paroxysmal  fever  and  the  true  yellow  fever  or  vomito  were 
thought  to  own  a  common  cause.  Any  useful  rules  of  prevention  were  simply 
impossible — as  impossible  as  at  present  in  many  of  the  diseases  of  nutrition, 
which,  in  the  proper  sense  of  the  word,  are  yet  undiagnosed. 

The  advance  of  diagnosis  has  of  late  years  been  owing  not  merely  to 
improved  methods  of  observation,  but  to  the  more  complete  recognition  of  the 
great  principle  of  the  invariableness  of  causation.  The  sequence  of  phenomena 
in  the  diseased  body  proceeds  with  the  same  regularity  and  constancy  as  in 
astronomy  or  chemistry.  Like  causes  always  produce  like  effects.  To 
suppose  that  from  the  same  cause  should  proceed  a  sequence  of  phenomena  so 
utterly  distinct  as  those  of  typhus  and  typhoid  fever,  now  seems  incredible ; 
yet  with  a  full,  or  at  any  rate  a  sufficient,  knowledge  of  the  phenomena,  it 
was  at  one  time  almost  imiversally  believed  that  these  two  peif ectly  distinct 
diseases  owned  a  common  origin.  At  the  present  moment,  the  superficial 
resemblance  between  gout  ^nd  rheumatism  causes  them  to  be  put  together  in 
almost  all  systems  of  nosology,  although,  with  the  exception  of  the  joints 
being  affected,  the  diseases  have  almost  nothing  in  common. 

In  proportion  as  this  great  principle  is  still  more  constantly  applied,  and  as 
our  means  of  diagnosis  advance,  and  consequently,  causes  are  more  satis- 
factorily investigated,  methods  of  prevention  will  become  obvious  and  precise. 
At  present  they  are  very  far  from  being  so.  La  many  cases  they  are  founded 
on  very  imperfect  observation  ;  and  very  frequently  all  that  can  be  done  is  to 
apply  general  sanitary  rules,  without  attempting  to  determine  what  are  the 
special  preventive  measures  which  each  disease  requires. 
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It  is  not  necessary,  however,  that  we  should  wait  until  the  causation  of 
any  disease  is  perfectly  understood.  We  must  act,  as  in  so  many  other 
affairs,  on  probability ;  and  endeavour  to  remove  those  conditions  which,  in 
the  present  state  of  our  knowledge,  seem  to  be  the  most  likely  causes  of  the 
disease.  It  may  be  that,  in  some  cases,  we  may  be  attacldng  only  subsidiary 
or  minor  causes,  and  may  overlook  others  equally,  or  more  important  In 
some  cases,  indeed,  we  may  overlook  entirely  the  effective  causes,  and  may  be 
fighting  with  shadow&  Still,  even  from  mistakes,  progress  often  arises — 
indeed,  the  difficult  path  of  human  knowledge  is  perhaps  always  through 
error. 

The  term  cause  is  applied  by  logicians  to  any  antecedent  which  has  a  share 
in  producing  a  certain  sequence  ;  and  it  is  well  known  that  in  many  diseases 
two  sets  of  causes  are  in  operation — one  external,  and  one  internal  to  the  body 
(exciting  and  predisposing).  The  investigation  of  the  internal  causes,  which 
in  some  cases  are  necessary  to  the  action  of  the  external  causes,  is  equally 
curious  and  intricate  as  that  of  the  external  causes,  and  in  some  respects  it  is 
even  more  obscure ;  but  measures  of  prevention  must  deal  with  them,  as  well 
as  with  the  external  causes. 

In  this  chapter  I  can,  of  course^  only  venture  to  enumerate  very  briefly, 
and  without  discussion,  what  seem  to  be  the  best  rules  of  prevention  for  the 
principal  diseases  of  soldiers.  To  enter  on  the  great  subject  of  the  prevention 
of  disease  generally,  and  to  discuss  all  the  complicated  questions  connected 
with  causation,  would  demand  a  volume. 

I  have  endeavoured  to  preserve  the  simple  and  practical  character  which  I 
have  attempted  to  give  to  the  other  parts  of  this  manual 

SECTION  L 

THE  SPECIFIC  DISEASES.* 
Paroxysmal  Fevers. 

External  Cause. — ^This  is  presumed  to  be  putrescent,  or  at  any  rate, 
decomposing  vegetable  matter  (see  pp.  44,  111,  and  331),  derived  from  a 
moist  and  putrescent  soil,  which  is  carried  into  the  body  by  the  medium  of 
water  or  of  air.  t 

If  by  water,  a  fresh  source  must  be  obtained.  Well  water  is  generally 
safe,  but  not  alway&  Eain  water  may  be  imsafe,  if  the  tanks  are  not  clean.  % 
If  a  fresh  source  cannot  be  obtained,  boiling,  charcoal  filtration,  and  alum 
appear  to  be  the  best  preventive  measures.  § 

If  the  introduction  be  by  air,  and  if  the  locality  cannot  be  left,  the  most 
approved  plan  is  elevation  to  at  least  500  feet  above  the  source  of  ths  pomm 
in  temperate  climates;  and  1000  to  1500  feet  in  the  tropics,  or  higher  still, 
if  possible.  II     If  this  plan  cannot  be  adopted,  two  points  must  be  aimed  at — 

*  In  ennmeratiiig  these  diseases,  I  have  followed  simply  a  oonvenient  order,  and  have  only- 
referred  to  the  most  common  diseases  of  soldiers. 

t  I  have  not  thought  it  desirable  to  allnde  here  to  the  views  of  SalisVoiy  that  a  species  of 
palmella  causes  intermittents,  or  to  other  similar  views ;  they  reqtdre  more  mvestigation  before 
we  can  practically  act  on  them. 

t  For  instance  of  propagation  by  so-called  rain>water,  see  cases  at  TUbnry  Fort,  noted  at 

Ti  46. 
Dr  Blanc  and  Mr  Prideauz  preserved  themselves  from  intermittent  fever,  in  a  march  in 
Abyssinia,  bv  always  using  water  in  the  form  of  tea  or  coffee. 

II  It  must  DO  understood  that  these  heights  are  assumed  to  be  (xbove  a  marsh.  They  will  not 
secure  from  malaria  from  marshes,  if  situated  at  that  or  a  much  greater  height.  A  marsh  at 
Erzeroum  is  6000  feet  above  sea-level ;  one  at  Puebla,  in  New  Mexico,  is  5000  feet ;  both  cause 
fevers. 
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viz.,  to  obviate  local,  smd  to  avoid  drifting  malaria.  Thorough  Subsoil 
draining ;  filling  up  moist  ground  when  practicable  ;  paving  or  covering  the 
ground  with  herbage  kept  closely  cut,  are  the  best  plans  for  the  first  point. 
For  the  second,  belts  of  trees,  even  walls  can  be  interposed ;  or  houses  can  be 
so  built,  as  not  to  present  openings  towards  the  side  of  the  malariouB 
currents.  ^ 

The  houses  themselves  should  be  raised  above  the  ground  on  arches  ;  or,  if 
wooden,  on  pilea  Upper  floors  only  should  be  occupied.  The  early  morning 
air,  for  three  hours  after  sunrise,  should  be  avoided ;  and  next  to  this,  night 
air. 

IrUemal  Causes, — The  conformation,  or  structural  condition,  which  permits 
the  external  cause  to  act,  is  evidently  not  equal  in  different  individuals,  or  in 
different  races ;  but  we  are  quite  ignorant  of  its  nature.  It  is  not  removed  by 
attacks  of  the  disease ;  but,  on  the  contrary,  after  repeated  attacks  of  ague,  a 
peculiar  condition  (of  the  nerves ) )  is  produced,  in  which  the  disease  can  be 
brought  on  by  causes,  such  as  cold  or  dietetic  errors,  which  could  never  have 
caused  it  in  the  first  instanc&  The  internal  predisposition  is  greatly 
heightened  by  poor  feeding,  anaemia,  and  probably  by  scurvy. 

To  remove  the  internal  causes  our  only  means  at  present  are  the  administra- 
tion of  antiperiodics,  especially  quinine ;  and  good  and  generous  living,  with 
iron  medicine&  The  use  of  flannel  next  the  skin,  and  of  warm  clothing 
generally  ;  warm  coffee,  and  a  good  meal  before  the  time  of  exposure  to  the 
malaria,  and  perhaps  moderate  smoking  (1),  are  the  other  chief  measurea 
Wine  in  moderation  is  part  of  a  generous  diet ;  but  spirits  are  useless,  and 
probably  hurtful,  unless  given  considerably  diluted 

Yellow  Fever. 

External  Catise, — ^During  the  last  few  years  the  progress  of  inquiry  has 
entirely  disconnected  true  yellow  fever  from  malaria,  though  yellowness  of 
the  skin  is  a  symptom  of  some  malarious  f ever&  Yellow  fever  is  a  disease  of 
cities  and  of  parts  of  cities,  being  often  singularly  localised,  like  cholera.  In 
the  West  Indies  it  has  repeatedly  attacked  a  barrack  (at  Bermuda,  Trinidad^ 
Barbadoes,  Jamaica),  while  no  other  place  in  the  whole  island  was  affected. 
In  the  same  way  (at  Lisbon,  Cadiz,  and  many  other  places)  it  has  attacked  only 
one  section  of  a  town,  and,  occasionally,  like  cholera,  only  one  side  of  a  streets 
In  the  West  Indies  it  has  repeatedly  commenced  iu  the  same  part  of  a  barrack. 
In  all  these  points,  and  in  its  frequent  occurrence  in  non-m^arious  places,  in 
the  exemption  of  highly  malarious  places,  in  its  want  of  relation  to  moisture 
in  the  atmosphere,  and  its  as  evident  connection  with  putrefying  fsecal  and 
other  animal  matters,  its  cause  differs  entirely  from  malaria.* 

If  these  points  were  not  suf&cient,  the  fact  that  the  agent  or  poison 
which  causes  yellow  fever  is  portable,  can  be  carried  and  introduced  among  a 
community,!  and  is  increased  in  the  bodies  of  those  whom  it  attacks,  indicates 
that  the  two  agencies  of  yellow  fever  and  paroxysmal  fevers  are  entirely 
distinct  J 

*  The  belief  in  the  malarious  origin  of  yeUow  fever,  so  long  and  tenacionsly  held  by  many 
American  physicians,  seems  to  be  losing  ground.  (See  paper  bv  Dr  Perry,  read  befoi«  the 
American  Health  Association,  The  Daily  Picayune,  Nov.  23,  1873.) 

+  Cases  of  the  Bann,  Eclair,  Icarus,  aud  several  others.  The  late  remarkable  introduction 
of  yellow  fever  from  Havannah  into  St  Nazaire,  in  France  (near  Brest),  is  most  striking,  and 
cannot  be  explained  away.  It  spread  both  from  the  ship,  and,  in  one  instance,  from  persons. 
(See  Aitken's  Medicine,  5th  edit.  1868  ;  and  Report  on  Hygiene  for  1862,  in  the  Army  Medical 
Report,  by  the  author.)  The  introduction  into  Rio  in  1849,  and  into  Monte  Video,  are  still 
more  striking  cases  of  importation  ;  and  a  case  verv  similar  to  that  of  St  Nazaire  occorred 
some  years  ago  at  Swansea,  (See  Report  by  Dr  Buchanan  to  the  Medical  officer  of  the  Privy- 
Council,  1866.) 

X  As  more  care  is  takeli,  the  symptoms  of  the  two  diseases  also  are  found  to  be  diagnostic. 
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That  great  point  being  considered  settled,  the  inquiry  into  the  conditions 
of  spread  of  the  yellow  fever  becomes  easier.  The  points  to  seize  are  its  fre- 
quent and  regular  localisation  and  its  transportation.  The  localisation  at 
once  disconnects  it  with  any  general  atmospheric  wave  of  poison ;  it  is  no 
doubt  greatly  influenced  by  temperature,  and  is  worse  "vifien  the  temperature 
is  above  70^  Fahr.  Though  it  will  continue  to  spread  ijM  colder  air  than  was 
formerly  supposed,  it  does  not  spread  rapidly,  and  appears  to  die  out,  but 
even  temperature  does  not  cause  it  to  become  general  in  a  placa 

The  localising  causes  are  evidently  (cases  of  Lisbon,  Gibraltar,  West  Indies, 
(kc.)  connected  with  accumulation  of  excreta  round  dwellings,  and  overcrowd- 
ing. Of  the  former  there  are  abundant  instances,  and  it  is  now  coming  out 
more  and  more  clearly  that,  to  use  a  convenient  phrase,  yellow  fever,  like 
cholera  and  typhoid  fever,  is  a  faecal  disease.  And  here  we  find  the  explana- 
tion of  its  localisation  in  the  West  Indian  barracks  in  the  olden  tima  Kound 
every  barrack  there  were  cesspits,  often  open  to  sun  and  air.  Every 
evacuation  of  healthy  and  sick  men  was  thrown  into  perhaps  the  same  placea 
Grant  that  yellow  fever  was  somehow  or  other  introduced,  and  let  us 
assume  (what  is  highly  probable)  that  the  vomited  and  faecal  matters  spread 
the  disease,  and  it  is  evident  why,  in  St  James'  Barracks  at  Trinidad,  or  St 
Ann's  Barracks  at  Barbadoes,  men  were  dying  by  dozens,  while  at  a  little 
distance  there  was  no  disease.  The  prevalence  on  board  ship  is  as  easily 
explained  :  Granted  that  yellow  fever  is  once  imported  into  the  ship,  then 
the  conditions  of  spread  are  probably  as  favourable  as  in  the  most  crowded 
city  ;  planks  and  cots  get  impregnated  with  the  discharges,  which  may  even 
find  their  way  into  the  hold  and  bilge.  No  one  who  knows  how  diflBcult  it 
is  to  help  such  impregnation  in  the  best  hospitals  on  shore,  and  who  remem- 
bers the  imperfect  arrangements  on  board  ship  for  sickness,  will  doubt  thi& 
Then,  in  many  ships,  indeed  in  almost  all  in  unequal  degrees,  ventilation  is 
most  imperfect,  and  the  air  is  never  cleansed. 

Overcrowding,  and  what  is  equivalent,  defective  ventilation,  is  another  great 
auxiliary ;  and  Bone*  relates  several  striking  instances.! 

The  question  of  the  origin  of  yellow  fever  is  one  which  cannot  be  considered 
in  this  volume,  and  at  present  no  preventive  rules  of  importance  can  be  drawn 
from  the  discussion. 

The  chief  preventive  measures  for  the  external  cause  are  these  : — 

1.  The  portability  being  proved,  the  greatest  care  should  be  taken  to  prevent 
introduction,  either  by  sick  men,  or  by  men  who  have  left  an  infected  ship. 
The  case  of  the  "  Annie  Marie  "  (see  "  Aitken's  Medicine,"  and  "  Eeport  on 
Hygiene  "  In  the  "  Army  Medical  Report "  for  1862)  has  made  it  quite  un- 
certain what  period  of  time  should  have  elapsed  before  an  infected  ship  can 
be  considered  safe ;  in  fact,  it  probably  cannot  be  safe  until  the  cargo  has  been 
discharged  and  the  ship  thoroughly  cleansed:  Still,  it  appears,  that  if  men 
leaving  an  affected  place  or  ship  pass  into  places  well  ventilated  and  in  fair 
sanitary  condition,  they  seldom  carry  the  disease ;  in  other  words,  the  disease 
is  seldom  portable  by  men,  but  it  will  occur.     It  appears  necessary,  also,  to 

and  if  it  wotb  not  for  the  constant  ose  of  the  unhappy  tenn  "  remittent/'  the  confusion  would 
not  have  so  long  prevailed. 

An  interesting  instance  of  good  diagnosis  was  made  by  the  French  at  Vera  Cms  in  1861.  In 
the  spring  the  vomito  prevailed,  and  then  disappeared.  Some  months  afterwards,  cases  of  a 
disease  occurred  so  like  yellow  fever  that  they  were  at  first  taken  to  be  that  disease,  but  on  a 
closer  examination  they  were  found  to  be  clearly  paroxysmal,  and  to  yield  to  quinine. — JRec,  de 
Mem.  de  Mid.  MUit.  1863. 

*  Yellow  fever,  by  G.  F.  Bone,  Assist-Surg.  to  the  Forces. 

f  For  example,  in  the  same  barrack,  the  windward  rooms  have  been  quite  healthy,  and  the 
leeward  rooms  attacked.  Men  in  the  latter  have  ceased  to  have  cases  of  the  disease  when 
moved  to  tiie  former  locality.    (See  a  good  case  in  Bone,  op.  cit.  p.  18.) 
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consider  that  the  incubative  peiiod  is  longer  than  nemally  supposed,  probably 
often  fourteen  or  sixteen  daja.  In  the  case  of  a  ship  it  seems  desirable  not 
to  consider  danger  over  until  at  least  twenty  days  have  elapsed  since  the  cure 
or  death  of  the  last  case^  and  even  at  that  time  to  thoroughly  fumigate  the 
ship  with  chlorine  and  nitrous  acid  before  the  cargo  is  touched  Men  wolf- 
ing on  board  such  a  ship  should  work  by  relays,  so  as  not  to  be  more  than 
an  hour  at  a  time  in  the  hold* 

In  case  men  sick  with  yellow  fever  must  be  received  into  a  barrack  or 
hospital,  they  should  be  isolated,  placed  in  the  best  ventilated  rooms  at  the 
top  of  the  house,  if  possible,  or,  better  still,  in  separate  houses,  and  all  dis- 
charges mixed  with  zinc  sulphate  and  zinc  chloride,  and  separately  disposed 
of,  and  not  allowed  to  pass  into  any  closet  or  latrina 

2.  The  introduction  by  drinking-waters  not  being  disproved,  care  should 
be  taken  that  the  possibility  of  this  mode  of  introduction  be  not  overlooked 

3.  Perfect  sewerage  and  ventilation  of  any  station  would  probably  in  great 
measure  preserve  from  yellow  fever,  but  in  addition^  in  the  yellow  fever  zone, 
elevation  is  said  to  have  a  very  great  effect,  though  the  confusion  between 
malarious  fevers  and  the  vomito  renders  the  evidence  on  this  point  lees 
certain,  and  the  late  introduction  into  Newcastle  in  Jamaica  (4200  feet),  and 
the  frequent  occurrence  at  Xalapa  ^4330  feet),  as  well  as  its  prevalence  on 
high  points  of  the  Andes  (9000  feet)  (A«  Smith),  show  that  the  effect  of  mere 
elevation  has  been  overrated  Still,  as  a  matter  of  precaution,  stations  in  all 
yellow-fever  districts  should  be  on  elevations  above  2000,  and  if  possible  3000 
feet 

4.  If  an  outbreak  of  yellow-fever  occur  in  a  barrack,  it  is  impossible  then 
to  attempt  any  cleansing  of  sewers ;  the  only  plan  is  to  evacuate  the  barracka 
This  has  been  done  many  times  in  the  West  Indies  with  the  best  effectsi  As 
a  preventive  measure,  also,  evacuation  of  the  barracks,  and  encampment  at 
some  little  distance,  is  a  most  useful  plaa  Before  the  barrack  is  re-occupied, 
every  possible  means  should  be  taken  to  cleanse  it ;  sewers  should  be 
thoroughly  flushed ;  walls  scraped,  lime-washed,  and  fumigated  with  nitrous 
acid  If  a  barrack  cannot  be  altogether  abandoned,  the  ground-floors  should 
be  disused  There  are  several  instances  in  which  persons  living  in  the  lowest 
storey  have  been  attacked,  while  those  above  have  escaped 

5.  In  aU  buildings  where  sick  are,  or  where  yellow-fever  prevails,  there 
should  be  constant  fumigation  with  nitrous  acid,  which  seems  to  be,  as  far  as 
we  know,  the  best  disinfectant  for  this  diseasa 

6.  If  it  appears  on  board  ship,  take  the  same  precautions  with  r^ard  to 
evacuations,  bedding,  &c  Treat  all  patients  in  the  open  air  on  deck,  if  the 
weather  permit ;  run  the  ship  for  a  colder  latitude ;  land  all  the  sick  as  soon 
as  possible,  and  cleanse  and  fumigate  the  ship. 

Internal  Cause, — Eecent  arrival  in  a  hot  country  has  been  usually  assigned 
as  a  cause,  but  the  confusion  between  true  yellow  fever  and  severe  febricula 
(ardent  fever  or  causus)  and  malarious  fevers,  renders  it  uncertain  how  far  this 
cause  operates,  t    Still,  as  a  matter  of  precaution,  the  present  plan  of  three  or 

*  Dr  Perry  (op.  cii,)  coDsiders  quarantine  naeleBS,  and  advises  a  most  rigorous  STstem  of 
disinfection.  He  cites  eight  instances  of  the  introduction  of  yellow  fever  through  a  strict 
quarantine,  seven  to  New  Orleans  and  one  to  Pensacola. 

-f-  In  the  old  times  in  Jamaica  it  was,  however,  always  noticed  that  the  worst  attacks  occurred 
in  regiments  during  the  first  twenty-four,  and  especially  the  first  twelve  months.  In  thirteen 
epidemics  in  different  regiments,  four  occurred  in  less  than  six  months  after  landing,  seven  in 
less  than  twelve  months,  and  two  in  less  than  twenty-four  months.  But  it  has  been  stated 
that  residence  in  one  place,  though  it  may  secure  against  the  yellow  fever  of  that,  does  not 
protect  against  the  disease  in  another  locality.  It  is  much  to  be  wished  that  all  these  asser- 
nons  which  abound  in  books  should  be  tested  by  figures.  That  is  the  only  way  of  coming  to 
a  decision. 
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four  yeans'  Mediterranean  service  before  passing  to  the  West  Indies  seems 
desiiabla  Different  races  possess  the  peculiar  habit  which  allows  the  external 
cause  to  act  in  very  different  degrees  ;  this  is  marked  in  the  cases  of  negroes 
and  mulattoes  as  compared  with  white  men,  but  even  in  the  European  nations 
it  has  been  supposed  that  the  northern  are  more  subject  than  the  southern 
nations.     Of  the  sexes,  women  are  said  to  be  less  liable  than  men. 

This  predisposition  is  increased  by  fatigue,*  and  it  is  said,  especially  when 
combined  with  exposure  to  the  sun ;  by  drinking,  and  by  improper  food  of 
any  kind  which  lowers  the  tone  of  the  body. 

No  prophylactic  medicine  is  known  ;  quinine  is  quite  uselesa 
Little,  therefore,  can  be  done  to  avert  the  internal  causes,  except  care  in  not 
imdergoing  great  fatigue,  temperance,  and  proper  food.     The  external  condi- 
tions are  t^  most  important  to  attend  to. 

Deng7te. 

This  disease,  which  has  attracted  much  attention  of  late  years,  appears  to 
bear  some  relation  to  yeUow  fever,  not  in  its  pathological  characters,  but  in 
the  time  of  its  appearance  and  geographical  distribution.  It  has,  however, 
prevailed  in  Asia,  where  yellow  fever  has  hitherto  been  unknown.  In 
Egypt  (according  to  Yauvray)  it  is  seen  at  the  time  of  the  date-harvest,  and 
is  known  as  "  date  fever."  In  other  parts  of  the  world  it  has  been  attributed 
to  vegetable  emanations.  Although  its  symptoms  are  those  of  blood-poisoning, 
it  may  be  doubted  if  this  is  due  to  vegetable  emanations  only.  'No  preventive 
is  known,  but  as  it  is  accompanied  with  an  eruption,  it  would  probably  be 
reasonable  to  deal  with  it  as  with  other  eruptive  diseases,  such  as  measles. 

CJwlera, 

External  Cavse, — ^As  in  the  case  of  yellow  fever,  we  have  no  certain  clue 
to  the  origin  of  cholera,  f  and  in  some  respects  the  propagation  of  the  disease 
is  very  enigmatical  The  way,  for  example,  in  which  the  disease  has  spread 
over  vast  regions,  and  has  then  entirely  cUsappeared,]:  and  the  mode  in  which 
it  seems  to  develop  and  decline  in  a  locality,  in  a  sort  of  regular  order  and  at 
certain  seasons,  are  facts  which  we  can  only  imperfectly  explain. 

But  as  far  as  preventive  measures  are  concerned,  the  researches  of  the  last 
few  years  seem  to  have  given  us  indications  on  which  we  are  bound  to 
act,  though  they  are  based  only  on  a  partial  knowledge  of  the  laws  of  spread 
of  this  poison. 

These  indications  are — 

1.  The  portability  of  the  disease,  t.a.,  the  carriage  of  cholera  from  one  place 
to  another  by  persons  ill  with  the  disease,  both  in  the  earliest  stage  (the  so- 
called  premonitory  diarrhoea),  and  the  latter  period,  and  in  convalescence.  § 
The  carriage  by  healthy  persons  coming  from  infected  districts  is  not  so 
certain ;  but  there  is  some  evidence.  ||     It  is  clear  this  last  point  is  a  most 

*  Arnold,  Bilious  Remittent  Fever,  1840,  p.  82. 

t  The  researches  of  Lewis  and  of  D.  D.  Ciinningham  in  India,  and  of  Eberth*  of  Ziirich,  have 
shown  that  no  specific  germ  has  been  yet  discovered,  and  have  disproved  the  fungoid  and  other 
origins  proposed  by  Hallier,  &c. 

X  There  is,  of  course,  no  doubt  that  the  common  autumnal  cholera,  however  much  it  may 
resemble  superficially  the  Indian  cholera,  is  quite  a  separate  disease. 

§  With  respect  to  convalescence,  the  only  evidence  I  know  of  is  given  by  Volz,  quoted  by 
Hirsch,  Jahresb.  fUr  ges.  Med.  1868,  band  ii.  p.  221. 

II  Especially  in  the  Mauritius  outbreaks,  where  parties  of  coolies  coming  from  places  where 
cholera  prevailed,  but  being  themselves  healthy,  gave  cholera  to  other  parties  of  coolies  who 
had  arrived  from  India,  and  had  no  disease  among  them.  Dr  Adams  (Army  Medical  Report, 
vol.  vi.  p.  848),  in  his  excellent  Report  on  Cholera  in  Malta,  states,  "  There  are  many  pointed 

*  Zur  KcnntutM  der  Bactcriiiitcb'ju  Mykosen.    Von  J.  C.  J:^ berth,  1878. 

2h 
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important  one,  in  wliich  it  is  desirable  to  have  more  complete  evldenca  The 
occasional  carriage  by  soiled  clothes,  though,  not  on  the  whole  common,  has 
also  evidence  in  its  favour.  All  these  points  were  affirmed  by  the  Vienna 
conference  of  1874.  Even  Pettenkofer  admitted  that  man  is  the  carrier  of 
the  disease  germ,  although  the  localUy  may  be  the  means  of  rendering  it 
potent  On  the  other  hand,  Dr  J.  M.  Cuningham  (Ninth  Annual  Report 
of  the  Sanitary  Comnussioner  with  the  Grovemment  of  India)  makes  a  tabula 
rasa  of  everything,  denies  the  transportability  of  the  disease  either  by  persons 
or  by  water,  and  says  there  is  a  mysterious  factor  still  to  be  sought  for.  His 
evidence,  however,  cannot  be  considered  as  conclusiva 

Whatever  may  be  the  final  opinion  on  all  these  points,  we  are  bound  to  act 
as  if  they  were  perfectly  ascertaiued.  It  is  usually  impossible  to  have  rigid 
quarantines ;  for  nothing  short  of  absolute  non-commimication  would  be 
useful,  and  this  is  impossible  except  in  exceptional  cases.  For  persons  very 
slightly  ill,  or  who  have  the  disease  in  them  but  are  not  yet  apparently  ill,  or 
possibly  who  are  not  and  will  not  be  ill  at  all,  can  give  the  disease,  and 
therefore  a  selection  of  dangerous  persons  cannot  be  made.  Then  as  the 
incubative  stage  can  certainly  last  for  ten  or  twelve  days,  and  there  are  some 
good  cases  on  record  where  it  has  lasted  for  more  than  twenty,  it  is  clear  that 
quarantine,  unless  enforced  for  at  least  the  last  period  of  time,  may  be  uselesa 
The  constant  evasions  also  of  the  most  strict  cordon  render  such  plans  always 
useless.  An  island,  or  an  inland  village,  far  removed  from  commerce,  and 
capable  for  a  time  of  doing  without  it,  may  practice  quarantine  and  preserve 
Itself ;  but,  in  other  circumstances,  both  theory  and  actual  experience  show 
that  quarantine  faik.^ 

This  difficulty,  however,  of  carrying  out  efficient  isolation  is  no  argument 
against  taking  every  precaution  against  communication,  and  keeping  a  strict 
watch  and  control  over  every  possible  channel  of  introduction.  In  this  way, 
by  isolation  of  the  individual,  or  of  bodies  of  men,  as  far  as  possible,  and  by 
looking  out  for  and  dealing  with  the  earliest  case,  an  outbreak  may  perhaps 
be  checked,  especially  by  discovering  the  diarrhcsal  attacks,  and  by  using 
disinfectants  both  to  the  discharges  and  to  linen,  f  In  the  case  of  troops 
coming  from  infected  districts,  they  should  be  kept  in  separate  buildings  for 
twenty  days,  and  ordered  to  use  only  the  latrines  attached  to  them,  in  which 
disinfectants  should  be  freely  used. 

2.  The  introduction  of  the  disease  into  any  place  by  persons  is  considered 
by  most  observers  to  be  connected  with  the  choleraic  discharges,  either  when 
newly  passed,  or,  according  to  some,  when  decomposing.  The  reasons  for  this 
are  briefly  tliese  :  the  portability  being  certain,  the  thing  carried  is  more, 
likely  to  be  in  the  discharges  from  the  stomach  and  bowels  than  from  the  skin 

facts  to  show  that  cholera  may  be  introduced  and  communicated  to  susceptible  persona  by 
healthy  individuals  from  infected  districts." 

*  When  circumstances  are  favourable  (as  respects  traile  and  intercourse),  however,  good 
quarantine  may  be  successful  even  on  the  mainland.  This  was  shown  in  Algeria  in  1861. 
See  Dr  Dukerley's  Notice  sur  les  Mesures  de  Preservation  prises  i  Batna  (Algerie)  pendant  le 
Cholera  de  1867,  Paris,  1868,  for  a  very  interesting  account  of  those  successful  measures  of 
which  strict  isolation  and  constant  hygienic  measures  were  the  principal  So  also  in  America 
Dr  \yoodward  states  (Circular  on  Cholera,  No.  5,  Surgeon-General's  Office,  Washington,  1867) 
that  **  the  general  tenor  of  Army  experience  is  strongly  in  favour  of  Quarantine."  Quarantine 
on  land  was  condemned  by  the  Vienna  Conference,  but  recommended  on  the  Red  Sea  and  the 
Caspian.  Id  Europe,  however,  only  rigorous  inspection  was  recommended,  with  various  rules 
for  preventing  spread  as  much  as  possible. 

f  The  Indian  Government  are  now  cautiously  attempting  to  limit  the  spread  of  cholera  by 
superintending  and  controlling  the  pilgrimages,  whi^h  are  so  common  a  cause  of  the  spread  of 
cholera  in  India.  The  report  of  the  Cholera  Committee  (Inspector- G€neral  Mackenzie,  Colonel 
8ilva,  and  Dr  Ranking)  to  the  Madras  Government,  published  at  Madras  in  186S,  gives  a  great 
deal  of  important  evidence  on  this  point,  and  in  addition  lays  down  excellent  niles  for  the 
management  of  pilgrimages. 
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or  breatli  (the  urine  is  out  of  the  question),  and  for  these  reasons  :  Water 
can  communicate  tlie  disease,  and  this  could  only  be  by  contamination  with 
the  discharges  ;  water  contaminated  by  discharges  has  actually  given  the 
disease,  as  in  Dr  Macnamara's  cases  ;  in  some  cases  a  singularly  local  origin 
is  proved,  and  this  is  nearly  always  a  latrine,  sewer,  or  receptacle  of  discharges, 
or  a  soil  impregnated  with  choleraic  evacuations  ;  soiled  Hnen  has  sometimes 
given  it,  and  this  is  far  more  likely  to  be  from  discharges  than  from  the  per- 
spiration ;  animals  (white  mice  and  rabbits)  have  had  cholera  produced  in 
them  from  feeding  on  the  dried  discharges.  Finally,  in  the  history  of  the 
portability  of  cholera,  there  are  many  instances  in  which,  while  there  has  been 
decidedvintroduction  by  a  diseiased  person  into  a  place,  there  has  been  no  im- 
mediate relation  between  that  person  and  the  next  case  ;  in  other  words,  the 
cause  must  be  completely  detachable  from  the  first  case,  and  must  be  able  to 
act  at  a  distance  from  his  body  ;  it  \b  therefore  far  more  probable  that  the 
discharges  are  this  carrying  agency,  than  that  any  effluvia  should  pass  off  from 
the  lungs  and  skin  which  could  spread  to  a  great  distance. 

Enough  has  been  said  to  show  that  the  discharges  must  receive  the  most 
careful  attentioa  Every  discharge  ought  to  be  disinfected  with  strong  sub- 
stances liberally  used  ;  the  best  are  carbolic  acid  (in  large  quantity),  per- 
chloride  of  iron,  chloride  of  zinc,  chloride  of  lime,  or,  if  none  of  these  are  at 
hand,  good  quicklime  (see  Disinfectants).  Although  the  results  of  disinfec- 
tion of  the  discharges  have  not  hitherto  been  encouraging,  the  plan  has  seldom 
been  completely  tried.  All  latrines  should  be  disinfected,  sewers  flushed, 
carbolic  acid  poured  down  them,  and  every  means  taken  to  keep  them  venti- 
lated. 

What  should  be  done  with  the  disinfected  discharges  ?  Should  they  be 
allowed  to  pass  into  sewers,  or  buried  in  the  ground  1  They  must  in  some 
way  be  got  rid  of.  Sewers  certainly  afford  an  easy  mode  of  disposing  of 
them  ;  and  as  the  discharges  are  mixed  with  much  water,  and  are  rapidly 
swept  away  in  them,  and  as  the  temperature  of  the  sewers  is  low,  .and 
decomposition  is  delayed,  it  is  quite  possible  that  sewers  may  be  a  means  of 
freeing  a  town  from  choleraic  discharges  more  easily  than  any  other  plan. 
And  it  appears  to  be  a  fact,  that  in  the  well-sewered  towns  in  England  the 
cholera  of  1865  and  1866  never  attained  any  wide  spread.  In  large  towns, 
also,  there  are  no  other  means  of  disposing  of  the  discharges.  But  may  not 
sewers  be  a  means  of  dissemination,*  and  thus,  as  in  some  outbreaks  of  enteric 
fever,  be  a  source  of  danger  1  And  again,  when  sewerage  is  poured  over  land, 
as  it  wUl  be  soon  throughout  all  England,  are  we  quite  sure  that  no  choleraic 
effluvia  will  pass  off,  or  that  the  choleraic  particles  passing  into  the  ground 
may  not  develop  there,  as  Pettenkofer  supposes  is  the  case  1  I  know  of  no 
facts  to  enable  us  to  decide,  and  I  do  not  think  we  ought  at  present  to  form 
an  opinion  on  the  probability  of  mischief  arising  in  this  way,  but  it  should, 
at  any  rate,  make  us  still  more  urgent  in  the  use  of  disinfectants  to  all 
discharges. 

Again,  as  to  disposal  in  the  earth,  if  Pettenkofer  is  correct,  a  loose  moist 
earth  is  the  place  where  the  supposed  germ  of  cholera  acquires  its  power. 
The  last  place  we  should  put  a  choleraic  discharge  would  be  the  earth  ;  and 
there  would  be  even  an  argument  against  the  use  of  the  earth  plan  of  dealing 
with  sewage.  Still,  as  there  is  much  to  be  said  against  Pettenkofer's  views, 
and  as  in  small  towns  and  villages  there  is  only  the  alternative  of  allowing 
the  discharges  to  pass  into  cesspools  or  streams,  or  to  be  disposed  of  in  the 

*  Tliat  these  may  be  so,  in  a  particular  way,  I  have  rendered  probable  in  my  Report  on 
Cholera  in  Southampton  (Sixth  lieport  of  the  Medical  Officer  to  tae  Privy  Council,  p.  251) ; 
but  stiU  there  is  very  little  evidence  on  this  point. 
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earth,  I  think  the  safest  course  is  to  deeply  bury  all  disinfected  discharges, 
care  being  taken  to  place  them  at  a  distance  from  houses  and  from  sources  of 
water  supply. 

That  hnen  and  bedding  should  be  carefully  disinfected,  needs  no  argument 
(see  chapter  on  Disinfection).  In  some  English  towns  all  cholera  clothing 
has  been  burnt,  but  whether  this  measure  is  necessary  or  not  is  uncertain. 
But  thorough  steeping  and  boiling.before  washing  is  essential,  as  washerwomen 
have  certainly  suffered  in  many  cases. 

3.  The  introduction  of  the  agent  by  the  medium  of  the  air  is  generally 
admitted,  on  the  plea  that  cases  occur  in  which  any  other  mode  of  entrance  is 
impossible.  It  is  also  held  by  some  that,  existing  in  the  air  it  can  be  carried 
for  great  distances  by  winds ;  and  some  observers  indeed  believe  this  to  be  its 
usual  mode  of  transit,  though  this  opinion  appears  to  me  opposed  to  all  we 
know  of  its  spread. 

Without  attempting  to  decide  the  point  or  to  state  the  limits  of  the  trans- 
mission, it  is  a  matter  of  prudence  to  act  as  if  the  winds  did  carry  the  poisoi). 
The  Indian  rule  is  to  march  at  right  angles  to  tbe  wind,  and  never  against  it 
or  with  it  if  it  can  be  avoided.  The  spreading  by  the  winds  in  India  has 
been  usually  ascribed  to  the  custom  of  throwing  all  the  cholera  evacuations  on 
the  ground ;  there  they  get  dried,  and  then  are  lifted  by  the  wind  and  driven 
to  other  parts.  This  seems  probable,  but  no  decided  proof  has  been  given  ; 
and  an  argument  against  it  may  be  raised  on  the  difficulty  of  accounting  for 
the  immunity  of  adjacent  places  if  such  transmission  were  common.  So  also 
the  use  of  aerial  disinfectants  in  cholera  is  rendered  imperative  by  the  chance 
that  the  cause  may  be  in  the  air.  The  Vienna  Conference  affirmed  trans- 
mission by  the  air,  but  only  to  a  short  distance,  and  never  faster  than  man 
travels.  They  also  recognised  the  great  safeguard  afforded  by  deserts,  as  the 
disease  has  never  been  known  to  be  imported  into  £ygpt  or  Syria  across  the 
desert  by  caravans  from  Mecca.* 

4.  The  occasional,  perhaps  frequent,  introduction  by  water  seems  certain. 
It  was  unanimously  affirmed  at  the  Vienna  Conference,  even  by  Pettenkofer. 
It  is  a  good  plan  always  to  change  the  source  of  supply,  to  use  lain  water  if 
no  other  fresh  source  is  procurable  ;  and  in  every  case  to  boil,  and  filter 
through  animal  charcoal,  and  to  use  also  potassium  permanganate.!  I^ 
remains  yet  uncertain  whether  a  water  which  gives  cholera  is  always 
chemically  impure,  or  whether  the  choleraic  matter  may  be  in  so  small  a 
quantity  as  to  be  absolutely  indetectable.  In  the  two  cases  I  have  examined 
in  which  the  water  was  the  cause,  it  was  highly  impure.  In  India  it  is  now 
ordered  that  all  the  water  should  be  boiled.  (G.  0.  C.  C.  No.  192,  Clause 
63.)t 

5.  The  introduction  by  food  has  been  noted  in  some  cases  (although  the 
Vienna  Conference  decided,  by  11  to  7,  that  present  facte  do  not  warrant  a 

*  On  this  point  the  history  of  Chili  is  interesting,  m  cholera  has  never  reached  it  It  is 
separated  on  the  north  from  Peru  by  the  desert  of  Attacania,  and  from  the  Argentine  Con- 
feneration  on  the  cast  by  the  Andes  range,  to  which  circumstances  its  immunity  hitherto  from 
epidemic  diseases  has  been  ascribed  by  the  inhabitants. 

t  In  the  very  able  Report  on  Epidemic  Cholera  in  the  United  States  Army  (Circular  No.  6, 
War  Department ;  Surgeon-General's  Office,  Washington),  is  what  appears  to  be  a  good  instance 
of  the  effect  of  changing  the  supply.  At  New  Orleans  rain,  and  in  some  cases  distilled  water, 
was  supplied  instead  of  river  water,  with  the  apparent  effect  of  checking  the  spread  (p.  xviL) ; 
see  also  the  cases  of  Utrecht  and  Rotterdam,  as  reported  by  Buys-Ballot. 

J  Forster  of  Breslau  (Die  Verbreitung  der  Cholera  durch  die  Bninnen,  1878)  uiiges  two  recom- 
mendations which  he  tninks  will  prevent  cholera  in  the  future— lst>  Lead  to  every  town,  even 
if  at  great  cost,  abimdant  and  pure  water,  as  indeed  was  done,  he  says,  much  better  2()00  years 
ago  than  now.  2d,  Protect  the  ground  from  coutaraination  in  any  way  from  excrements,  and 
banish  all  cesspits.  The  ground  must  be  absolutely  pure,  and  this  can  only  be  if  all  {gsaX 
matter  ut  removed  to  a  distance. 
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decision).     Every  article  of  food,  solid  and  liquid,  should  therefore  be  passed 
in  review,  and  the  cooking  arrangements  gone  over  step  by  step.* 

6.  The  localisation  of  cholera  is  a  marked  feature  in  its  history,  f  It  is 
often  as  marked  as  in  yellow  fever,  and  may  be  confined  to  a  very  small  area. 
At  other  times,  iu  India,  the  "  tainted  district "  may  be  of  some  extjBnt. 
From  this  fact  of  localisation  arises  the  important  rule  of  always  leaving  the 
locality  when  practicable,  and  in  a  large  town  of  clearing  out  the  house  where 
cholera  has  happened.  In  India  the  present  rule  is  to  march  the  men  and 
encamp  in  a  healthy  spot  at  some  little  distance,  changing  the  encamping 
ground  from  time  to  time.  On.  the  whole,  this  has  acted  well,  and  should  be 
adhered  to,  though  occasionally  it  has  failed,  generally,  however,  I  believe, 
from  error  in  choice  of  locality.  The  men  should  be  tented ;  the  tents  should 
be  well  ventilated,  and  often  struck  and  repitched ;  an  elevated  spot  should  be 
chosen,  and  damp  and  low  soils  and  river  banks  avoided.  Orders  lay  down 
with  precision  the  exact  steps  to  be  taken  by  a  regiment  when  cholera 
threatens.  X  This  rule  of  marching  out  muat,  of  course,  be  subject  to  some 
exceptions.  It  has  been  advised  that  it  should  not  be  done  in  the  rainy  season 
in  India.  This  must  depend  on  the  locality.  I  have  been  informed  that  it 
has  sometimes  answered  well,  even  in  heavy  rains ;  but  in  other  cases  the 
rains  may  be  too  heavy.  No  absolute  rule  can  be  laid  down ;  but  the  circum- 
stances which  are  allowed  to  set  aside  the  grand  rule  of  evacuation  of  a  tainted 
place  shoidd  be  unequivocal 

In  connection  with  change  of  locality,  the  opinions  of  Pettenkofer  should 
be  borne  in  mind.  Pettenkofer  believes  that,  of  all  conditions,  the  effect  of 
soil  is  the  most  important  It  is  necessary,  then,  to  consider  particularly  the 
nature  of  the  soil  where  the  fresh  camps  are  to  be  placed,  and  to  select  the 
perfectly  dry  and,  if  possible,  pure,  impermeable,  uncontaminated  soils,  and  to 
prevent  the  cholera  discharges  from  percolating  through  the  ground. 

7.  Men  sick  from  cholera  are  also  best  treated  in  well-ventilated  tents, 
whenever  the  season  admits  of  it  Even  in  cold  countries,  up  to  the  end  of 
October  or  the  mitldle  of  November,  tents  can  be  used  if  properly  warmed. 
In  India  it  should  be  a  rule  to  treat  every  cholera  patient  in  a  tent,  as  far  as 
circumstances  permit  it 

Infernal  Gatises. — General  feebleness  of  health  gives  no  predisposition,  nor 
is  robust  health  a  safeguard ;  some  even  have  thought  that  the  strongest  men 
suffer  most  Great  fatigue,  and  especially  if  continued  from  day  to  day, 
greatly  predisposes  ;  of  this  there  seems  no  doubt  §  No  certain  influence  has 
yet  been  traced  to  diet^  although  it  has  been  supposed  that  a  vegetable  diet 
and  alkahnity  of  the  intestinal  contents  may  predispose.     It  does  not  appear 

*  See  Dr  Fairweather's  Delhi  case  in  the  Sanitary  Report  of  the  Punjab  for  1871 ;  aUo 
given  in  my  Report  on  Hygiene,  in  the  Anny  Medical  Report,  vol.  xiii.  (1873). 

t  Snrgeon  P.  CuUen  (Indian  Medical  Gazette,  Ist  July  1873),  notices  a  very  singular  case 
of  localisation  at  Etarsi. 

X  The  order  in  India  is,  if  a  single  case  occur  in  a  barrack,  to  vacate  that  part  of  the  bar* 
rack,  and  to  encamp  the  men  in  the  cantonment.  If  a  second  case  occur  among  the  body 
of  men  thus  removed,  they  are  again  moved,  and  the  building  or  tent  is  vacated  and  purified. 
If  a  third  case  occur  in  this  body  of  men  within  a  week,  they  are  removed  to  the  preparatory 
camp. 

Buildings  are  purified  by  scraping  and  washing  walls  with  hot  caustic  limewash ;  boiling 
punkah  fringes,  ropes,  curtains,  &c.,  and  using  chloride  of  lime  or  other  disinfectant.  Tents 
are  purified  by  being  fumigated  with  either  chlorine,  nitrous  acid,  or  sulphurous  acid,  and  then 
exposed  to  the  weatner  for  ten  days.  Railway  carriages,  after  occupation  by  troops  carrying 
cholera,  are  purified  by  washing  with  boiling  water  containing  in  each  gallon  a  wineglassful  of 
carbolic  acid,  and  burning  sulphur  in  the  closed  carriages  for  two  hours.  If  ^oops  are 
moved  by  rail,  they  are  not  to  use  latrines,  but  trenches  are  to  be  dug  for  them  (G.  0.  C.  C), 
No.  193. 

§  There  are  many  instances  of  the  effects  of  long  marches.    See  Orton,  Loriioer^  and  Tbom 
quoted  in  Brit,  and  For.  Med.  Chir.  Rev.,  July  18^,  pp.  85-87. 
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that  insufficient  diet  has  any  great  effect,  though  there  is  some  slight  evidence 
that  scurvy  increases  the  mortality,  and  perhaps  the  predisposition.^  The 
strictest  temperance  does  not  preserve  from  attacks  ;  but  every  one  agrees  that 
spirits  are  no  protection,  and  that  debauchery  increases  liability. 

0;f  pre-existing  diseases,  it  has  been  supposed  that  cardiac  affections  and 
pulmonary  emphysema  predispose ;  the  evidence  is  very  unsatisfactory.  If 
Beale's  observations  be  correct,  post-mortem  examinations  often  show  previous 
affection  of  the  villi  and  mucous  membranes  of  the  intestines  generally  ;  but 
it  is  very  desirable  there  should  be  more  proof  of  this. 

Diarrhoea  predisposes,  and  any  causes  which  lead  to  diarrhoea,  especially 
impure  water,  dietetic  errors,  &c.,  should  be  carefully  looked  after. 

With  regard  to  prophylactic  measures  (except  in  respect  to  proper  diet,  free 
ventilation,  and  pure  water)  nothing  has  been  yet  made  out  Quinine  has 
been  recommended,  and  should  certainly  be  given,  especially  in  malanous 
countries,  as  it  is  a  fact  that  the  choleraic  poison  and  malaria  may  act 
together,  and  even  give  a  slight  periodical  character  to  choleraic  attacks,  which 
is  never  seen  in  non-malarious  districts,  and  is  therefore  merely  grafted  on 
cholera.  Peppers,  spices,  &o.,  have  been  used ;  but  I  am  not  aware  of  any 
good  evidence.  All  diarrhoea  should  be  immediately  checked,  and  this  is 
well  known  to  be  the  most  important  point  connected  with  the  prevention  of 
the  internal  causea  The  universal  order  in  India  is,  that  any  man  going 
twice  in  one  day  to  the  latrine  should  report  himself ;  and  non-commissioned 
officers  are  usually  stationed  at  the  latrines  to  watch  the  men.  The  reason  of 
this  rule  should  be  fully  explained  to  the  men.  In  two  attacks  of  cholera  in 
India,  I  found  it  almost  impossible  to  get  the  men  to  report  themselves 
properly ;  the  slight  diarrhoea  of  early  cholera  is  so  painless  that  they  think 
nolhing  of  it.  f  In  England  and  Grermany  house  to  house  visitation  has  been 
found  very  useful,  f 

Typhus  Exanthemaiictia  {Spotted  Typhus). 

External  Cause, — ^An  animal  poison,  origin  unknown,  but  communicable 
from  person  to  person,  probably  through  the  excretions  of  the  skin  and  lungs 
floating  in  the  air.  Not  known  to  be  communicated  by  water  or  food.  Its 
spread  and  its  fatality  are  evidently  connected  with  overcrowding  and  debility 

*  For  some  evidence  as  to  scurvy,  see  Pearce  and  Shaw  on  the  Cholera  of  the  jail  at  Caliciit. 
— Madras  Medical  Journal,  July  1868. 

i*  I  have  taken  several  points  nx>m  Mr  Dickinson's  useful  little  pamphlet  on  the  Hygiene  of 
Indian  Cholera,  1863. 

X  Great  importance  has  been  attached  to  the  meteorological  condition  attending  outbreaks 
of  cholera ;  they  do  not  appear  to  be  very  important,  except  in  two  or  three  cases. 

1.  Temperature. — A  high  temperature  favours  the  spread  by  increasing  the  putrefaction  of 
tiie  stools,  and  by  augmenting  generally  the  impurity  of  the  air.  When  cnolera  has  prevailed 
at  a  low  temperature  (it  has  been  severe  at  a  temx)erature  below  freezing),  the  drinking  water 
has  possibly  been  the  cause. 

2.  Pressure  has  no  effect.  The  old  observation  of  Prout,  that  the  air  is  heavier  in  cholera 
epidemics,  has  never  been  confirmed. 

5.  Moisture  in  Air. — Combined  with  heat,  this  seems  -an  accessory  cause  of  importance  pro- 
bably by  aiding  transmission.  Moisture  in  the  ground,  combined  with  heat  of  the  soil,  has 
always  been  recognised  as  an  aiding  cause  of  great  importance. 

4.  Dryness  of  Air  seems  decidedly  to  check  it. 

b-  Rain  sometimes  augments,  sometimes  checks  it.  This,  perhaps,  depends  on  the  amount 
of  rain,  and  on  whether  it  renders  the  drinking  water  more  or  less  pure.  A  very  heavy  rain  is 
a  great  purifier. 

6.  Movement  of  Air. — It  is  certainly  worst  in  the  stagnant  atmospheres,  as  in  the  cases  of 
all  the  specific  poisons. 

7.  Electricity  is  not  known  to  have  any  effect.  This  was  particularly  examined  by  Mr  Lamont 
in  Munich,  one  of  the  most  celebrated  physical  philosophers  of  our  time,  but  with  entirely 
negative  resulte. 

8.  Ozone  has  no  effect,  either  in  its  presence  or  absence.  (Schultze,  Voltotine,  De  Wethe« 
Lamont,  Strambio,  Wunderlich.) 
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of  body  from  deficient  food  That  it  can  be  produced  by  overcrowding 
ia  yet  uncertain.*  The  preventive  measures  may  be  thus  shortly  summed 
up  : — ^Adopt  isolation!  of  patients ;  use  the  freest  ventilation  (5000  to  6000 
cubic  feet  per  head  per  hour  or  more)  ;  evolve  nitrous  acid  and  chlorine  fumes ; 
thoroughly  fumigate  with  sulphurous  acid,  heat  (to  240**  Fahr.),{  wash,  and 
expose  to  air  all  bedding  (including  mattresses)  and  clothes.  This  last  point 
is  extremely  important  In  fact,  it  may  be  said  that,  for  the  prevention  as 
well  as  treatment  of  typhus,  the  cardinal  measures  are  abundance  of  pure  air 
and  pure  water.  Whenever  practicable,  treat  aU  typhus  patients  in  tents,  or 
wooden  huts  with  badly-joined  walls,  not  in  hospit^  Fumigate  tents  and 
scrape  and  limewash  huts,  and  remove  earth  from  time  to  time  from  the  floors. 
A  number  of  typhus  patients  should  never  be  aggregated;  they  must  be 
dispersed ;  and  if  cases  begin  to  spread  in  on  hospital,  clear  the  ward,  and 
then,  if  the  disease  continues,  the  hospital  itself ;  then  wash  with  chloride  of 
lime,  and  then  limewash  or  scrape  walls  and  floors,  and  thoroughly  fumigate 
with  nitrous  acid.  It  has  been  often  shown  that  even  exposure  to  weather, 
bad  diet,  and  insufficient  attendance,  are  less  dangerous  to  the  patients  than 
the  aggregation  of  cases  of  typhus  (see  especially  p.  353). 

Internal  Caiises. — ^A  special  condition  of  body  is  necessary,  as  in  the  case 
of  smallpox,  and  one  attack  protects  to  a  great  extent  from  another.  The 
nature  of  the  internal  condition  is  unknown ;  but  general  feebleness  from  bad 
diet,  overwork,  exhaustion,  and  especially  the  scorbutic  taint,  greatly  increase 
the  intensity  of  the  disease  in  the  individual,  and  perhaps  aid  its  spread. 
These  conditions,  then,  must  be  avoided.  But  the  strongest  and  best  health 
is  no  guanmtee  against  an  attack  of  typhus: 

Bubo  or  Oriental  Plague  {Pali  Plague  in  India).^ 

The  preventive  measures  should  be  the  same  as  in  typhus,  to  which  this 
disease  shows  great  analogy.  The  history  of  the  plague  at  Cairo  (from  which 
it  has  been  now  banished  for  many  years,  simply  by  improving  the  ventilation 
of  the  city),  1 1  and  the  disappearance,  after  sanitary  improvements,  of  the  Pali 
plague  in  India,  and  its  recurrence  on  the  cessation  of  preventive  measures, 
show  that,  like  typhus,  the  bubo  plague  is  easily  preventibla  Elevation,  as 
in  so  many  other  specific  diseases,  has  a  considerable  effect ;  the  village  of 
Alum  Dagh,  near  Constantinople  (1640  feet  above  the  sea),  and  freely 
ventilated,  has  never  been  attacked;  the  elevated  citadel  of  Cairo  has 
generally  been  spared ;  and  when  Barcelona  was  attacked,  the  elevated  citadel 
also  escaped. 

*  During  the  French  war  of  1870,  although  there  was  much  crowding,  wretchedness,  and 
misery  in  Paris,  and  particularly  in  Metz,  there  was  but  little  typhus ;  it  was  nothing  like  the 
amount  in  the  first  riapoleon's  time  (Grellois,  Uistoire  M^dicale  du  blocus  de  Metz,  1872, 
Chauffard,  Acad€mie  de  M^icine.) 

•Y  By  the  term  isolation,  I  imply  the  placing  a  patient  in  a  separate  building,  not  in  another 
room  in  the  same  building ;  in  the  case  of  smaHpoz,  typhus,  and  scarlet  fever,  this  partial  isola- 
tion, though  sometimes  successful,  cannot  be  depended  upon.  K  a-  room  must  be  chosen  in 
the  same  building,  choose  the  top  story,  if  a  room  can  be  there  found. 

X  This  temperature  is  perhaps  higher  than  necessary :  recent  experiments  have  shown  that 
there  is  great  danger  of  charring  at  so  high  a  temperature. 

§  The  Pali  plague  (Maha  Murree),  which  was  most  common  in  Rajpootana,  was  evidently 
propagated  by  the  filthy  habits  of  the  inhabitants  (see  Ranken  and  others),  and  was  some  years 
i^o  almost  entirely  sot  rid  of  by  sanitary  measures.  Subsequently,  these  were  n^lected,  and 
the  disease  returned.  It  is  now,  £  believe,  again  greatlv  lessened.  Hirsch  has  pointed  out 
that  the  Pali  plague  differs  from  the  Egyptian  plague,  in  having  a  marked  lung  disease,  and  in 
this  it  resembles  the  black  death  in  the  fourteenth  century,  with  which  Hirsch,  in  fact,  con- 
siders it  identical. 

!{  Stamm,  in  Pappenheim's  Beitrage,  1862-3,  p.  80.  The  measures  adopted  in  Cairo  were 
levelling  some  hillocks,  which  stopped  the  air  from  blowing  over  the  city,  filing  up  some 
marshes,  and  adopting  a  better  moae  of  buriaL  The  peculiar  sepulture  customs  of  tb«  Copta 
have  indeed  ewn  been  assigned  as  the  sole  cause  of  the  origin  of  plague. 
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Typhoid  or  Enteric  Fever. 

External  Cmise. — A  poison  of  animal  origin ;  one  mode  of  propagation  is 
by  the  intestinal  discharges  of  persons  sick  of  the  disease  ;  other  modes  of 
origin  and  transmission  are  not  disproved.  There  is  doubtless  a  frequent 
transmission  of  the  disease  b j  the  diarrhoea  of  mild  cases  which  are  often  not 
diagnosed.  There  is  some  evidence  that  pei^sons  considered  convalescent  may 
carry  the  disease,*  but  it  is  possible  that  this  may  have  been  owing  to  badly 
washed  clothes.  The  mode  of  entrance  into  the  body  is  both  by  air  and 
water.  (See  pages  47  and  127).)  Entrance  by  food  (milk)  has  been  lately 
also  proved.  As  means  of  arresting  the  disease,  isolate  the  patients ;  receive 
all  evacuations  (faeces  and  urine)  into  the  vessels  strictly  kept  for  one  sick 
person ;  place  zinc  chloride,  or  ferrous  sulphate,  or  carbolic  acid,  &a,  in  the 
vessels ;  never  empty  any  evacuation  into  a  closet,  sewer,  or  cesspool ;  bury  it 
several  feet  deep,  and  mix  it  well  with  eartL  Fumigate,  and  heat  to  240"t 
Fahr.,  all  clothes  and  bedding.  Use  nitrous  acid  fumes  in  the  wards.  As 
means  of  prevention,  attend  especially  to  the  purity  of  the  drinking  water, 
and  to  the  disposal  of  sewage ;  although  the  origin  of  typhoid  merely  from 
putrefying  non-typhoid  sewage  is  not  considered  at  present  to  be  probable,  it 
is  not  disproved,  and  it  is  certain  that  the  disease  may  spread  by  the  agency 
of  sewers  and  fsecal  decomposition.  A  single  case  of  typhoid  fever  should  at 
once  be  held  to  prove  that  something  is  wrong  with  the  mode  of  getting  rid 
of  the  excretions.  If  neither  water  nor  sewers  can  be  proved  to  be  in  fault, 
consider  the  milk  and  other  food  supply. 

Interned  Causes. — As  a  first  attack  preserves  in  a  great  measure  from  a 
second,  a  peculiar  condition  of  body  is  as  essential  as  in  smallpox  ;  and  looking 
to  the  special  effect  produced  on  Peyer's  patches,  and  to  the  fact  that  at  the 
period  of  life  when  these  patches  naturally  degenerate,  the  susceptibility  to 
typhoid  fever  materially  lessens,  or  even  ceases,  it  seems  possible  that  the 
internal  cause  or  necessary  second  condition  is  the  existence  of  these  patches, 
the  structures  in  which  are  brought  into  an  abnormal  state  of  activity  by  the 
direct  or  indin'^ct  action  of  the  poison  on  them.  The  other  internal  causes  are 
anything  which  causes  gastro-intestinal  disorder,  such  as  bad  water,  and 
general  feebleness. 

Relapsing  Fever. 

No  preventive  measures  have  been  yet  pointed  out,  to  my  knowledge, 
but  the  occurrence  of  the  disease  in  times  of  famine  seems  to  indicate  that 
feebleness  and  inanition  are  necessary  internal  causes. 

Bilious  Remittent  Fevers. 

Under  this  vague  term,  a  disease  or  diseases,  which  in  many  points  are  like 
relapsing  fever,  but  yet  are  not  identical  (Marston),  have  been  described  as 
occurring  especially  in  Egypt  (Griesinger),  and  in  the  Levant  generally.  It 
has  been  lately  described  by  Drs  Marston  and  Boileau|  at  Malta.  The  exact 
causes  are  not  known ;  but  in  some  of  the  writings  of  the  older  army  surgeons, 
the  fevers  which  are  produced  by  foul  camps  (in  addition  to  typhoid)  appear 
to  have  a  close  resemblance  to  the  bilious  remittent  fevers  of  the  Medi- 
terranean. They  appear  to  be  -  connected  with  bad  sanitary  conditions,  but 
their  exact  causation  is  not  clear. 

*  Gietl.  Die  Ursaclien  der  enterischen  Typhna  in  Milnchen,  1865,  pp.  74  and  94. 

t  Probably  220"  would  be  sufficient  if  the  temperature  reached  every  part.    Seetmder  Dis- 

I!fFECTIOW. 

J  Army  Med.  Reports,  vols.  iii.  and  viiL 


ERUPTION  FEVERS — ^ERYSIPELAS,  489 

Gerehro-Spindl  Meningitis, 

This  disease,  whicli  has  occasionally  been  noticed  in  France,  and  especially 
among  soldiers  for  the  last  forty  years,  has  within  the  last  few  years  appeared 
in  several  parts  of  Germany,  and  a  few  cases  among  civilians  have  occurred  in 
England.  It  seems  to  depend  on  a  specific  agent,  but  very  little  is  yet  known 
about  it  It  does  not  appear  to  be  contagious.  No  preventive  measures  can 
be  at  present  suggested. 

* 

The  Eruptive  Fevers, 

The  method  of  employing  disinfectants  in  these  diseases  is  noted  in  the 
chapter  on  Disinfectants. 

Smallpox  is  guarded  against  in  the  army  by  repeating  vaccination  in  the 
case  of  recruits,  and  by  occasional  re-vaccination  of  all  the  men  in  a  reguiient. 
In  Dr  Balfour's  statistical  reports,  great  attention  is  always  paid  to  this  im- 
portant point,  and  the  evidence  from  foreign  armies  prove  the  necessity  of 
careful  re- vaccination. 

If  the  disease  does  occur,  the  use  of  chlorine,  iodine,  and  nitrous  acid 
thrown  up  into  the  air,  should  not  be  forgotten,  in  addition  to  all  usual 
measures  of  isolation*  (in  separate  buildings)  and  sanitary  appliances. 

In  the  case  of  scarlet  fever  and  measles,  nothing  definite  is  known  with 
regard  to  prevention,  except  that  a  good  sanitary  condition  seems  to  Isssen 
their  intensity,  and  probably  their  spread.  The  evidence  with  regard  to 
belladonna  in  scarlet  fever  is  contradictory,  but  on  the  whole  unfavourable. 
When  the  disease  is  actually  present,  fumigations,  as  in  smallpox,  should  be 
used.  All  the  discharges  should  be  disinfected,  and  the  skin  well  rubbed 
over  with  camphorated  oil  and  a  little  weak  carbolic  acid. 

The  most  difficult  case  is  when  either  measles  or  scarlet  fever  appears  on 
board  ship,  and  especially  if  children  are  on  board.  If  the  weather  permit, 
the  best  plan  is  then  to  treat  all  patients  on  the  upper  deck  under  an  awning. 
If  this  cannot  be  done  (and  scarlet  fever  patients  must  not  be  exposed  to  cold), 
they  must  be  isolated  as  much  as  possible,  and  the  place  constantly  fumigated. 
Both  in  scarlet  fever  and  smallpox  there  is  some  evidence  to  show  that  the 
incubative  period  may  be  very  long.f 

Perhaps,  in  the  present  state  of  evidence,  it  might  be  desirable  to  try  the 
prophylactic  eflFects  of  belladonna  on  board  ship,  directly  the  first  case  occurs. 

Erysipelas  {Hospital  or  Ej/idemic). 

External  Cause. — It  is  well  known  that  in  the  surgical  wards  of  hospitals 
erysipelas  occasionally  occurs,  and  then  may  be  transmitted  from  patient  to 
patient  The  exact  causes  of  its  appearance  have  not  been  made  out,  but  it 
is  evidently  connected  with  overcrowding  and  impure  air.  Moisture  of  the 
floors,  causing  constant  great  humidity  of  air,  has  also  been  supposed  to  aid 
it  It  is  much  more  common  in  fixed  hospitals  than  in  tents  and  huts,  and 
indeed  is  exceedingly  rare  in  the  two  latter  casea  The  agencies  or  agent  can 
scarcely  be  supposed  to  be  other  than  putrefying  organic  matter  and  pus  cells 
passing  into  and  accumulating  in  the  air.|  They  or  it  would  appear  to  be 
really  generated  during  the  process  of  suppuration  of  wounds,  and  at  present 
the  production  of  a  transmissible  agent  in  this  way  is  one  of  the  best  examples 
we  have  of  the  origin  of  a  contagion  de  novo.     It  is  remarkable  that  pus  cells 

*  Buchanan  gives  a  good  example  of  the  advantages  of  isolation  in  the  case  of  Cheltenham, 
where  smallpox  was  introduced  into  the  town  six  times,  but,  in  consequence  of  proper  hospital 
accommodation  for  all  classes,  never  made  good  its  footing. 

■  +  See  a  case  by  Bryson  (Trans.  Soc' Science  Assoc.  1862,  p.  677),  for  a  case  in  which  the 
incubative  period  of  smallpox  was  thirty-one  days.    In  scarlet  lever  it  is  sometimes  even  longer. 

X  See  page  101. 
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derived  from  purulent  sputa  do  not  cause  erysipelas  in  medical  wards,  but 
this  may  be  from  a  want  of  open  wounds  to  give  the  necessary  personal  con- 
dition. 

When  hospital  erysipelas  has  onco  appeared  iji  a  ward,  nothing  will  avail 
except  complete  clearance  of  the  ward,  scraping  the  floors,  and  often  the 
walls,  washmg  with  chloride  of  lime,  and  then  with  solution  of  caustic  lime, 
and  thorough  fumigation  with  chlorine  and  nitrous  acid  alternately.  The 
erysipelatous  cases  should  be  placed  in  well- ventilated  tent&  If  this  cannot 
be  done,  then  nitrous  acid  and  chlorine  fumigations  must  be  constantly  used 
in  the  wards,  charcoal  trays  be  placed  round  the  bed  of  the  erysipelatous 
patient,  and  excessive  ventilation  employed. 

Considering  the  undoubted  benefici&d  influence  of  tent  life,  it  may  be  a 
question  whether,  even  in  civil  life,  hospitals  which  possess  gardens  should 
not,  during  the  sununer,  treat  their  surgical  cases  with  suppurating  wounds 
in  the  tenta**^  In  many  continental  towns  the  large  hospitals  have  now 
wooden  barrack-like  huts  attached  to  them,  in  which  the  surgical  cases  are 
treated. 

Of  course,  extreme  care  in  conservancy  of  wards  or  tents,  the  immediate 
removal  of  dl  dressings,  great  care  in  dressing  wounds,  so  that  neither  by  in- 
struments, sponges,  Imt,  or  other  appliances,  pus  eells  or  molecular  organic 
matter  shall  be  inoculated,  are  matters  of  familiar  hospital  hygien&  The  use 
of  carbolic  acid,  as  introduced  by  Professor  Lister,  will,  it  is  hoped,  greatly 
lessen  the  chances  of  spread  in  the  case  of  erysipelas  as  well  as  of  hospital 
gangrene.! 

Internal  Causes. — ^Nothing,  I  believe,  is  known  on  this  point,  except  that 
there  must  be  some  abrasion  or  wound  of  the  surface  or  of  the  passages  near 
the  surface,  as  the  vagina  or  throat  The  erysipelas  commences  at  the  point 
of  abrasion.  If  there  is  no  open  wound,  the  atmospheric  impurity  seems  to 
have  no  bad  effect  on  the  persons  who  are  exposed  to  it,  but  it  would  be  in- 
teresting to  know  if  some  forms  of  internal  disease  are  not  produced.  Is  it 
possible  that  some  forms  of  tonsillitis  and  diphtheritic-like  inflammation  of  the 
throat  may  be  caused  in  this  way,  although  there  is  no  solution  of  continuity  % 

Hospital  Gangrene, 

Almost  the  same  remarks  apply  to  hospital  gangrene  as  to  erysipelas.  One 
of  the  most  important  facts  which  has  been  pointed  out  by  many  writers,  and 
which  has  been  thoroughly  proved  by  the  American  and  the  Italian  wars,  is 
that  perfectly  free  ventilation  prevents  hospital  gangrena  Hammond,  the  late 
Surgeon-General  of  the  United  States  Army,  declares  J  that  only  one  instance  has 
come  to  his  knowledge  in  which  hospital  gangrene  has  originated  in  a  wooden 
pavilion  hospital,  and  not  one  which  has  occurred  in  a  tent  Kraus  also,  from 
the  experience  of  the  Austrians  in  1859,  states  that  it  never  could  be  dis- 
covered that  gangrene  orginated  in  a  tent  On  the  contrary,  cases  <A  gangrene 
at  once  commence  to  improve  when  sent  from  hospital  wards  into  tents.  On 
the  other  hand,  the  tenacity  with  which  the  organic  matters  causing  the 
gangrene  adhere  to  walls  is  well  known. 

The  measure  to  be  adopted  in  wards  when  hospital  gangrene  oceors,  and 

*  See  Hammond's  Hygiene,  1863 ;  Krans'  Das  Eranken  nnd  Zerstreunngs-System,  1861 ; 
and  a  Eeport  on  Hygiene,  by  tiie  author,  in  the  Army  Medical  Report,  lor  1862,  for  the  effects 
of  tents  on  erysipelas  and  hospital  gangrene. 

+  I  was  informed,  in  Munich,  that  Lister's  system  has  completely  banished  hospital  gan- 
grene &om  that  city,  and  1  believe  the  same  result  has  been  noticea  in  other  German  towns. 
(F.  de  C.) 

X  Hygiene,  p.  897. 
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the  ward  cannot  be  at  once  evacuated,  aie  the  same  as  for  erysipelas.*  It  is 
not  necessary  to  do  more  than  allude  to  the  undoubted  transference  by  dirty 
sponges,  &C.,  and  to  the  beneficial  effects  of  carbolic  acid  dressings. 

SECTION  n. 
VARIOUS  Non-specific  diseases. 

Dysentery  and  Diarrhoea, 

At  present  there  is  no  evidence  that  the  dysentery  arising  from  various 
causes  has  different  anatomical  characters,  or  runs  a  different  course,  except 
perhaps  in  the  case  of  malarious  dysentery.    The  chief  causes  are — 

1.  Impure  Water  (p.  42). — Both  Annesley  and  Twining  have  directed  atten- 
tion to  this  cause,  in  their  accounts  of  Indian  dysentery..  It  is  scarcely  possible 
that,  with  common  attention,  this  cause  should  not  be  discovered  and  removed. 

2.  Impure  Air. — ^The  production  of  dysentery  and  diarrhoea  from  the 
effluvia  of  putrefying  animal  substances  is  an  opinion  as  old  as  Cullen,  and 
probably  older  ;  and  there  seems  little  doubt  of  its  correctness.  The  gases 
and  vapours  from  sewers  also  will,  in  some  persons,  cause  diarrhoea  (pages 
127,  et  seq.)  ;  and  also  effluvia  from  the  foul  bilge-water  of  ships. f  On  the 
other  hand,  very  disagreeable  effluvia  from  many  animal  substances,  as  in  the 
case  of  bone-burners,  fat-boilers,  &c.,  do  not  seem  to  cause  diarrhoea  In 
India  there  appears  to  be  a  decided  relation  between  the  prevalence 
of  dysentery  and  overcrowding  and  want  of  ventilation  in  barracks ;  massing 
a  large  number  of  men  together  is  certainly  an  accessary  cause  of  great 
weight.  J 

The  air  from  very  foul  latrines  has  caused  dysentery  in  numerous  cases. 
Pringle,  and  many  other  army  surgeons,  record  casea§  In  war  this  is  one 
of  the  most  common  causes.  The  occasional  production  of  dysentery  from 
sewage  applied  to  land,  seems  to  me  to  be  proved  by  Clouston's  observations  on 
the  causes  of  the  attack  of  dysentery  in  the  Cumberland  Asylum  (Medical 
Tim£8  and  Gazette,  June  1865).  Still  sewage  matter  has  been  often  applied 
in  this  way  without  bad  effects.  In  Dr  Clouston's  case  the  sewage  was  300 
yards  from  the  ward  where  the  dysentery  occurred.  Calm  and  nearly  stag- 
nant nights,  or  with  a  gentle  movement  of  air  from  the  sewage  towards  the 
ward,  were  the  conditions  which  preceded  most  of  the  attacks. 

Of  all  the  organic  effluvia,  those  from  the  dysenteric  stools  appear  to  be 
the  worst  Some  evidence  has  been  given  to  show  that  dysentery  arising 
from  a  simple  cause  (as  from  exposure  to  cold  and  wet),  when  it  takes  on  the 
gangrenous  form,  and  the  evacuations  are  very  foetid,  produces  dysentery  in 
those  who  use  the  latrines,  or  unclean  closets,  into  which  such  gangrenous 
evacuations  are  passed.  If  correct,  this  is  a  most  interesting  point,  as  it  seems 
to  show  the  origin  of  a  conmiunicable  poison  de  novo.     Possibly,  in  aU  these 

*  With  regard  to  pyeemia,  observations  show  that  one  of  the  external  causes  is  foetid  organic 
emanations.  Spencer  Wells  (Med.  Times  and  Gazette,  1826)  states,  that  in  1859  the  mortality 
fh>m  pyaemia  was  great  in  some  wards  over  a  dissecting  room.  On  removing  all  the  cases  alter 
operation  to  the  opposite  side  of  the  building,  pyaemia  almost  disappeared.  Other  similar 
cuses  are  on  record. 

t  Fonssagrives  (Traits  d'Hygi^ne  Navale,  p.  60)  records  a  good  case  of  this  kind.  It  com- 
menced after  a  gale  at  sea  had  stirred  up  the  bilge,  and  on  clearing  it  out  the  attack  ceased. 

X  Wood  on  the  Health  of  European  Soldiers  in  India,  1864,  p.  45,  et  seq. 

§  Sir  James  M'Grigor,  Vignes  (who  gives  many  cases  from  the  French  experience  in  the 
Peninsula),  Chomel,  Copland  ;  see  also  the  Die.  des  Sciences  M^.  Art.  VysentSrie.  D'Arcet 
(Ann.  d'Hygi^e,  vol.  zii.  p.  890)  records  a  good  case,  in  which  a  whole  regiment  was  aflfected 
in  the  Hanoverian  war,  from  having  used  too  long  the  same  trench  as  a  latrine.  The  disease 
disappeared  when  anoUier  was  dug. 
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cases,  effluvia,  or  organic  matters,  or  particles  disengaged  from  the  putrefying 
evacuations,  act  at  once  on  the  anus,  and  the  disease  then  spreads  up  by  con- 
tinuity. 

There  is  some  reason,  also,  to  think  that  retaining  dysenteric  stools 
in  hospital  wards  spreads  the  disease  ;  and,  perhaps,  in  this  case,  the  organic 
particles  floating  up  may  be  swallowed,  and  then  act  on  the  mucous  membrane 
of  the  colon.  In  the  epidemic  of  dysentery  in  Sweden  in  1859,  there  was 
good  evidence  to  show  that  it  spread  by  means  of  the  diarrhoeal  and 
dysenteric  evacuations.* 

In  addition  to  removal  of  the  sources  of  all  these  effluvia,  fumigations  with 
nitrous  acid  and  with  chlorine  should  be  practised  in  all  dysenteric  wards  as 
in  the  case  of  typhoid  fever,  the  stools  must  be  mixed  with  disinfectants,  and 
immediately  removed  from  the  wards  and  buried. 

3.  Improper  Food. — Any  excess  in  quantity,  and  many  alterations  in  quality 
(especially  commencing  decomposition  in  the  albuminates,  and,  perhaj>s,  the 
rancidity  of  the  fatty  substances)  cause  diarrhoea,  which  will  pass  into 
dysentery  (see  the  chapter  on  Food).  But  the  most  important  point  in  this 
direction  is  the  production  of  scorbutic  dysentery.  A  scorbutic  taint  plays  a 
far  more  important  part  in  the  production  of  dysentery  than  is  usually 
imagined,  and  there  is  now  no  doubt  that  the  fatal  dysentery,  which  formerly 
was  so  prevalent  in  the  West  Indies,  was  of  this  kind.  Much  of  the  Indian 
dysentery  is  also  often  scorbutic. 

4.  Exposure  to  Cold  and  Wet. — ^Exposure  to  cold,  especially  after  exertion, 
and  extreme  variations  of  temperature,  have  been  assigned  as  the  chief  cause 
of  dysentery  by  numerous  writers  ;  f  great  moisture  hais  been  assigned  by 
some  writers  (Twining,  Annesley,  Griesinger)  as  a  cause  ;  and  great  dryness 
of  the  air  by  others  (Mouat)  j  while  a  third  claas  of  observers  have  considered  * 
the  amount  of  moisture  as  quite  immatenal 

Hirsch,J  after  summing  up  the  evidence  with  respect  to  temperature  with 
great  care,  decides  that  sudden  cold  after  great  heat  is  merely  a  "  causa 
occa^onalis^*  §  which  may  aid  the  action  of  the  more  potent  cause  of 
dysentery.  This,  probably,  is  the  true  reading  of  the  facta  The  amount  of 
moisture  in  the  atmosphere  would  appear  to  be  a  matter  of  no  moment 

Although  we  cannot  assign  its  exact  causative  value,  the  occurrence  of  chill 
is,  of  course,  as  a  matter  of  prudence,  to  be  carefully  guarded  against ;  and 
especially  chills  after  exertion.  It  is  when  the  body  is  profusely  perspiring, 
and  is  then  exposed  to  cold,  that  dysentery  is  either  produced,  or  that  other 
causes  are  aided  in  their  action.  In  almost  all  hot  countries  chilling  of  the 
abdomen  is  considered  particularly  hurtful,  and  shawls  and  waist-bands 
(kummerbund  of  India)  are  usually  wom.[I  ' 

♦  British  and  Foreign  Med.-Ohir.  Rev.  Jan.  1866,  p.  140. 

f  A  few  only  can  be  noted  ;  StoU,  ZimmerraanB,  Huxhara,  Durandean,  Willan,  Irvine,  James 
Johnson,  Annesley^  Bampfield,  Moiehead,  Vignes,  Fergusson,  &c.  Feirgusson  says-—"  True 
dysentery  is  the  offspring  of  heat  and  moisture ;  of  moist  cold  in  any  shape  after  excessive  heat. 
Kothing  that  a  man  can  put  into  him  would  ever  give  him  true  dysentery." 

±  Handbuch  der  Historisch-Oeopaph.  Pathol,  band  ii.  p.  234.  I 

I  The  so-called  "  hill  diarrhoea,'  which  was  formerly  prevalent  on  some  of  the  hill  sanitaria  I 
in  India,  especially  on  the  spurs  of  the  Himalayas,  has  oeen  attributed  to  the  effect  of  cold 

and  moisture,  and  sudden  changes  of  temperature.  Bnt,  as  remarked  by  Dr  Alexander  Grant, 
many  hill  stations  have  these  atmospheric  conditions  without  having  any  hill  diarrhoea.  I 
learn  from  some  gentlemen  who  have  paid  much  attention  to  this  subject,  that  there  is  great 
reason  to  suppose  the  hill  diarrhoea  to  oe  entirely  unconnected  with  either  elevation  or  climate. 
In  some  cases  it  has  been  clearly  caused  by  bad  water,  possibly  by  suspended  scales  of  mica  | 

in  the  water  (see  page  40) ;  in  other  cases,  its  exact  causes  remained  unexplained.  Of  lats 
years  it  has  lessened  in  amount  at  all  stations,  and  will  probably  disappear. 

II  It  is  a  remarkable  circumstance,  that  in  temperate  climates  the  most  common  months  for 
dysenteric  epidemics  are  the  hot  months — June  to  September.  Taking  North  America  and 
j^orthem  and  Western  Europej  Hirach  has  assembled  546  outbreaks.    Of  these^  176  occumd 


LIVER  DISEASES  (INDTAN).  493 

5.  Malaria  has  been  assigned  as  another  cause ;  and  it  was  noticed,  especially 
by  the  older  writers,  that  the  dysentery  was  then  often  of  the  kind  termed 
"  Dysenteria  Incruenta  " — ^the  stools  being  copious,  serous,  and  with  little 
blood  ;  in  fact,  a  state  somewhat  resembling  cholera. 

Very  great  difference  of  opinion  has  prevailed  in  regard  of  this  opinion.* 
Possibly  the  "  malarious  dysentery "  is  in  part  connected  with  the  use  of 
marsh  water.  More  evidence  is  desirable,  certainly,  with  regard  to  this 
point ;  but  it  seems  probable,  from  the  observations  of  Annesley  and  Twining, 
that  marsh  water  has  an  effect  in  this  direction. 

Liver  Diseases  {Indian). 

The  production  of  diseases  of  the  liver  is  so  obscure,  and  so  many  states  of 
hepatic  disorder  are  put  together  under  the  term  "  hepatitis,"  that  it  is 
impossible  to  treat  this  subject  properly  without  entering  fully  into  the 
question  of  causes.  But,  as  this  could  not  be  done  here,  I  must  content 
myself  with  a  short  summary  of  the  preventive  measures  which  appear  to  be 
of  the  greatest  importance. 

I  have  long  been  convinced  that  many  cases  of  hypersemia,  bilious  conges- 
tion, and  enlargement  of  the  liver,  with  increase  of  cell-growth  and  connective 
tissue  (but  without  tendency  to  abscess),  and  enlargement  and  partial  fatty 
degeneration  of  the  liver  cells,  are  caused  simply  by  dietf  I  had  a  good 
opportunity  of  observing  this  on  landing  in  India  in  1842  with  an  European 
regiment,  J  and  the  experience  of  more  than  twenty  years  has  made  me  certain 
that  the  observation  was  correct.  " 

Very  similar  opinions  have  been  expressed  by  Macnamara,§  and  Norman 
Chevers  has  also  pointedly  alluded  to  this  subject.  || 

The  supply  of  food  supplied  to  the  soldier  in  India  has  erred  in  two  ways : 
it  is  too  much  in  quantity,  especially  when  the  amount  of  exercise  is  limited. 
Macnamara  has  calculated  that  each  European  soldier  in  Bengal  consumed  (at 
the  time  he  wrote  in  1855)  76  ounces  of  solid  {i.e.,  water  containing)  food 
daily,  so  that  there  must  have  been  an  excess  of  all  the  dietetic  principles. 
Then,  in  every  case,  there  was  added  to  this  a  very  large  amount  of  condi- 
ments (spices  and  peppers),  articles  of  diet  which  are  fitted  for  the  rice  and 
vegetable  diet  of  the  Hindu,  but  are  particularly  objectionable  for  Europeans. 
In  the  West  Indies,  where  the  diet  has  never  been  so  rich  in  condiments, 
liver  diseases  have  always  been  comparatively  infrequent 

Some  orders  for  improving  the  cooking  in  India  were  issued  by  Lord 
Strathnaim,  and  if  these  are  carried  out,  and  if  medical  officers  would 
thoroughly  investigate  the  quantity  of  food  taken  by  the  men,  and  compare 
it  with  their  work,  and  examine  into  the  cooking,  it  ia  quite  certain  that  many 
cases  of  dyspepsia  and  hepatitis  would  be  prevented. 

In  cases  not  simply  of  hypersemia  and  bilious  congestion,  but  of  abscess,  it 
is  probable  that  a  certain  number  are  consecutive  to  dysentery,  and  are  caused 

in  summer ;  228  in  sammer  and  autnmn  ;  107  in  autumn ;  only  16  in  spring ;  and  19  in  winter. 
This  does  not  look  as  if  (K)ld  had  any  effect    The  heat  of  summer  is  far  more  influential. 

♦  The  very  varying  opinions  are  ^ven  very  folly  by  Hirsch.  Morehead's  great  authority  is 
altogether  against  the  presumed  action  of  malaria ;  out  possibly  here,  as  in  many  other  cases, 
Vie  snail  have  to  draw  a  complete  distinction  between  malarious  and  non-malarious  dysentery. 

t  In  the  ^at  and  admiraole  works  of  Banald  Martin  and  Morehead,  the  influence  of  diet  m 
producinff  liver  affections,  though  alluded  to,  has  been  passed  over  much  too  lightly.  Annesley, 
on  the  other  hand,  has  fully  recognised  the  immense  influence  of  diet  (vol.  i.  p.  192). 

X  Remarks  on  the  Dysentery  and  Hepatitis  of  India,  by  E.  A.  Parkes,  M.B.,  1846,  p.  228. 

§  Indian  Annals,  1855.  Dr  Macnamara  found  a  most  extraordinary  amount  of  fatty  de- 
generation of  the  liver. 

II  Health  of  Europcnn  Troops  in  India,  Indian  Annals,  1858,  p.  109 ;  it  is  particularly  recom- 
^mended  that  this  chapter  should  be  carefully  perused. 
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by  the  absorption  of  putrid  maters  from  the  intestine,*  which  are  arrested  by 
the  liver,  and  there  set  up  suppuration.  There  is  no  true  pyaemia  or  in- 
flammation of  the  vena  portse  as  a  rula  When  caused  by  phlebitis  or  special 
affection  of  the  vena  portse,  the  suppuration  is  in  the  course  of  the  vena  portfie, 
or  at  any  rate  commences  there.  The  reason  why  some  cases  of  dysentery 
cause  abscess  and  others  do  not,  is  uncertain.  The  prevention  of  tibia  form. 
of  abscess  is  involved  in  the  prevention  of  dysentery. 

In  other  cases  of  abscess,  however,  there  is  no  antecedent  dysentery,  bat 
there  are  collections  of  pus  or  foetid  debris  somewhere  else,  which  act  in  the 
same  way  by  allowing  absorption.  There  are,  however,  other  cases  in  which 
no  such  causes  have  been  pointed  out,  and  the  genesis  of  these  cases 
of  abscess  remains  quite  obscure.  Much  effect  has  been  attributed  to  the  in- 
fluence of  sudden  changes  of  temperature ;  to  the  rapid  supervention  of  an. 
exceedingly  moist  and  comparatively  cold  air  on  a  hot  season,  whereby  the 
profuse  action  of  the  skin  is  suddenly  checked  ;  and  to  the  influence  of 
malaria.  But  the  extraordinary  disproportion  of  cases  of  abscess  in  different 
parts  of  the  world  seems  to  negative  all  these  surmises. 

One  fact  seems  to  come  out  clearly  from  Dr  Waring's  observations,  viz., 
that  recent  arrival  in  India  is  favourable  to  the  occurrence  of  abscess,  and  that 
(all  kinds  of  abscesses  being  put  together)  50  per  cent  occur  in  men  under 
three  years'  service.  No  length  of  residence,  however,  confers  perfect  im- 
munity. It  would  be  very  important  to  determine  whether  the  eflfect  of 
recent  arrival  is  marked,  both  in  cases  of  abscess  consecutive,  and  in  those 
anterior,  to  dysentery. 

It  is  possible,  also,  that  some  entozoic  influence  may  be  at  work,  especially 
in  some  parts  of  India,  and  hydatid  disease  of  the  liver  or  other  diseases  of  the 
same  class  may  be  more  common  than  is  supposed. 

In  the  absence  of  perfect  knowledge,  great  care  in  preserving  from  chills, 
and  proper  diet,  are  the  only  preventive  measures  which  can  be  suggested  for 
primary  hepatic  abscess. 

Insolation.     (See  page  431  et  8eq.) 

Under  this  convenient  term,  a  number  of  cases  are  put  together  which  seem 
to  be  produced  by  one  or  more  of  the  following  causes : — 

External  Caiues,—!.  Direct  rays  of  the  sun  on  the  head  and  spine.  Adopt 
light  coverings,  covered  with  white  cotton  ;  permit  a  good  current  of  air  be- 
tween the  head  and  the  covering,  and  use  a  light  muslin  or  cotton  rag,  dipped 
in  water,  over  the  head  under  the  cap.  2.  Heat  in  the  shade,  combined 
especially  with  stagnant  and  impure  air.  In  houses  (and  men  have  been 
attacked  with  insolation  both  in  tents  and  barracks)  means  ( \n  always  be 
taken  to  move  the  air,  and  thus  keep  it  pure,  even  if  it  cannot  be  cooled.  In 
tents  the  heat  is  often  exceedingly  great,  simply  from  the  fact  that  there  is 
not  sufficient  movement  of  air ;  in  the  tropics  a  simple  awning  is  much  better 
than  tents,  and  if  the  awning  is  sloped  a  little,  the  top  of  the  slope  being 
towards  the  north,  the  movement  of  air  will  be  more  rapid  than  if  the  canvas 
be  quite  flat  But  in  the  dry  season,  in  the  tropics,  the  men  should  sleep  in 
the  open  air  in  all  non-malarious  districts,  when  they  are  on  the  march  or  in 
campaigns. 

The  general  prophylaxis  has  been  thus  summed  up  by  Professor  Maclean 
("  Reynolds'  System  of  Med.,"  vol  ii  p.  157)  :— "  Men  will  bear  a  high 
temperature  in  the  open  air  with  comparative  impunity,  provided  (a)  it  is  not 

•  It  is,  however,  remarkable  bow  mony  cases  of  dysentery  occur  without  prodncing  he]>fttic 
abscess  ;  still  our  {general  knowledge  of  the  causation  of  disease  njakes  it  highly  probable  that 
dysentery  acts  in  this  way.   Is  it  the  sloughing  dysentery  which  is  followed  by  hepatic  abseess  ? 
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too  long  continued  ;  (b)  that  the  dress  be  reasonably  adapted  to  the  tempera- 
ture ;  (c)  that  the  free  movement  of  the  chest  be  not  interfered  with." 

Internal  Causes. — ^It  is  only  known  that  spirit  drinking,  even  in  moderation, 
powerfully  aids  the  external  causes  of  insolation ;  even  wine  and  beer  probably 
have  this  effect  Tea  and  coffee,  on  the  other  hand,  probably  lessen  the 
susceptibility. 

A  full  habit  of  body,  or  any  tendency  to  fatty  heart  or  emphysematous 
lungs,  have  been  supposed  also  to  predisposa 

It  seems  certain  that  any  embarrassment  of  the  pulmonary  circulation  aids 
the  action  of  the  heat,  and  therefore  the  most  perfect  freedom  from  belts  and 
tight  clothes  over  the  chest  and  lieck  is  essential 

Great  exhaustion  from  fatigue  aids  the  action,  either  from  failure  of  the 
heart's  action  or  want  of  water.  In  this  case  diffusible  stimuli,  such 
as  ammonia,  tincture  of  red  lavender,  tincture  of  cardamoms,  dca,  with  strong 
coffee,  are  the  best  preventivea  Spirits  should  not  be  given  unless  the  ex- 
haustion be  extreme,  and  the  diffusible  stimuli  cannot  be  obtained.  A  small 
quantity  in  hot  water  may  then  be  tried. 

Ck>ld  baths,  and  especially  cold  douching  to  the  head  and  spine,  are  most 
useful  as  preventive  as  well  as  curative  measures. 

Phthisis  Pvlmcmalis. 

In  respect  of  causes,  we  must  distinguish  those  usually  rapid  cases  of  tuber- 
culosis which  arise  from  hereditary  constitutional  causes,  or  from  the  influence 
of  exanthemata  (especially  measles),  or  of  typhoid,  or  other  fevers,  and  which 
run  their  course  with  implication  of  several  organs  at  an  early  stage,  and  the 
more  chronic  forms  of  phthisis,  in  which  the  lung  in  adults  is  the  flpst  seat  of 
the  disease,  and  other  organs  are  secondarily  affected.  Several  distinct 
diseases  are  confounded  under  the  one  term  of  phthisis,  and  it  is  therefore  not 
possible  at  present  to  trace  out  their  precise  origin. 

Taking  only  the  common  cases  of  subacute  or  chronic  phthisis,  it  has  been 
already  intimated  that  most  European  armies  have  been  found  to  furnish  an 
undue  proportion  of  such  casea* 

A  few  years  ago  much  influence  was  ascribed  to  food  as  a  cause  of  phthisis  \ 
the  occurrence  of  a  sort  of  dyspepsia  as  a  forerunner  (though  this  does  not 
seem  very  common),  and  the  great  effect  of  the  treatment  by  diet  (by  cod-liver 
oil),  seemed  to  show  that  the  fault  lay  in  some  peculiar  malnutrition^  which 
affected  the  blood,  and  through  this  the  lungs. 

Probably  there  is  truth  in  this  ;  but  of  late  years  the  effects  of  conditions 
which  influence  immediately  the  pulmonary  circulation  and  the  lungs  them- 
selves have  attracted  much  attention.  The  effect  of  want  of  exercise  (no 
doubt  a  highly  complex  cause,  acting  on  both  digestion  and  circulation),  and 
of  impure  air,  have  been  found  to  be  very  potent  agencies  in  causing  phthisis, 
and  conversely,  the  conditions  of  prevention  and  treatment  which  have  seemed 
most  useful  are  nutritious  food  and  proportionate  great  exercise  in  the  free  and 
open  air.  So  important  has  the  last  condition  proved  to  be,  that  it  would 
appear  that  even  considerable  exposure  to  weather  is  better  than  keeping 
phthisical  patients  in  close  rooms,  provided  there  be  no  bronchitis  or  tendency 
to  pneumonia  or  pleurisy. 

Three  points,  then,  are  within  our  control  as  regards  phthisis — ^arrangement 
of  food,  exercise,  and  pure  air. 

*  See  p.  128,  and  the  Sections  on  Home  and  Foreign  Service.  There  are  two  valuable  pieces 
of  evidence  of  phthisical  and  scrofulous  disease  being  developed  in  a  healthy  population  troni 
impure  air,  viz.,  Mr  Morgan's  essay  on  Phthisis  on  the  West  Coast  of  Scotland  (Brit,  and 
For.  Med.  Ghir.  Bev.),  and  the  analogous  case  of  Western  Canada,  given  by  Mr  MackeleaTe 
(Medical  Times  and  Gazette,  Aug.  18(58). 
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That  food  should  contain  a  good  deal  of  the  nitrogenous  and  fatty  principles 
if  phthisis  is  apprehended.  Milk  has  been  long  celebrated,  and  lately  the 
koumiss  of  Tartary  has  obtained  a  great  reputation  in  Eussia  as  an  agent  of 
cura* 

Exercise  is  of  the  greatest  importance,  and  it  would  seem  quite  clear  that 
this  must  be  in  the  open  air.  The  best  climates  for  phthisis  are  perhaps  not 
necessarily  the  equable  ones,  but  those  which  permit  the  greatest  number  of 
hours  to  be  passed  out  of  the  hous& 

In  the  house  itself,  attention  to  thorough  ventilation,  i.e,,  to  constant^ 
though  imperceptible  movement  of  the  air,  is  the  point  to  be  attended  to. 

In  the  case  of  soldiers,  it  must  also  be  seen  that  no  weights  or  straps  impede 
the  circulation  of  blood  through  the  lungs  and  heart 

The  effect  of  a  wet  subsoil  in  the  causation  of  phthisis  (see  p.  331  for 
Buchanan's  observations)  must  not  be  overlooked.  Whatever  may  be  the 
exact  amount  of  truth,  we  are  bound  to  act  as  if  it  were  certain. 

That  the  syphilitic  disease  of  the  lungs  has  sometimes  a  completely  phthisical 
character  is  tolerably  clear,  but  syphilis  will  not  account  for  the  amount  of 
phthisis  in  the  army.  The  influence  of  masturbation  in  producing  phthisis  is 
uncertain. 

Scurvy, 

The  peculiar  state  of  malnutrition  we  call  scurvy  is  now  known  not  to  be 
the  consequence  of  general  starvation,  though  it  is  doubtless  greatly  aided  by 
this.  Men  have  been  fed  with  an  amount  of  nitrogenous  and  fatty  food 
sufficient  not  only  to  keep  them  in  condition,  but  to  cause  them  to  gain  weight, 
and  yet  l^ve  got  scurvy.  The  starches  also  have  been  given  in  quite  sufficient 
amount  without  preventing  it.  It  seems,  indeed,  clear  that  it  is  to  the 
absence  of  some  of  the  constituents  of  the  fourth  dietetic  group,  the  salts,  that 
we  must  look  for  the  cause,  t 

Facts  seem  to  show  with  certainty  that  in  the  diet  which  gives  scurvy 
there  is  no  deficiency  of  soda  or  of  iron,  lime,  or  magnesia,  or  of  chloride  of 
sodium.  Nor  is  the  evidence  that  salts  of  potash  or  phosphoric  acid  are 
deficient  at  all  satisfactory.  And  when  we  think  of  the  quantity  of 
phosphoric  acid  which  must  have  been  supplied  in  many  diets  of  meat^  and 
cerealia,  which  yet  did  not  prevent  scurvy,  it  seems  very  unlikely  that  the 
absence  of  the  phosphates  can  have  anything  to  do  with  itt 

The  same  may  be  said  of  sulphur.  Considering  the  quantity  of  meat  and 
of  leguminosdB  which  some  scorbutic  patients  have  taken,  it  is  almost  impos- 
sible that  deficiency  in  sulphur  should  have  been  the  cause. 

By  exclusion,  we  are  led  to  the  opinion  that  if  the  cause  of  scurvy  is  to  be 
found  in  deficiency  of  salts,  it  must  be  in  the  salts  whose  acids  form  car- 
bonates in  the  system.  For,  if  we  are  right  in  looking  to  a  deficiency  in  the 
fourth  class  of  alimentary  principles  as  the  cause  of  scurvy,  and  if  neither  the 
absence  of  soda,  potash,  lime,  magnesia,  iron,  sulphur,  or  phosphoric  acid  can 

*  It  is  now  a  good  deal  used  in  this  country. 

t  For  a  good  deal  of  evidence  up  to  1848,  I  beg  to  refer  to  a  review  I  contributed  on 


powers  of  fresh  meat  in  large  quantities  and  especially  raw  meat  (j 
Arctic  Expedition),  will  not  only  prevent,  but  will  cure  scurvj'.  Kane  found  the  raw  meat  of 
the  walrus  a  certain  cure.  For  the  roost  recent  evidence  and  much  valuable  information,  see 
the  Report  of  the  Admiralty  Committee  on  the  Scurvy  which  occurred  in  the  Arctic  Expedition 
of  187M  (Blue-Book,  1877). 

X  Professor  Galloway  of  Dublin,  and  Mr  Anderson  of  Coventry,  have  lately  written  pam- 
phlets uipng  the  claims  of  potash  and  phosphoric  acid  to  attention,  but  without  bringing  any 
ireah  evidence  of  sufficient  importance  to  support  their  views. 
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he  the  cause  (and  it  is  probable  it  is  not  so),  then  tbe  only  mineral  ingredients 
which  remain  are  the  combinations  of  alkalies  with  those  acids  which  form 
carbonates  in  the  system,  viz.,  lactic,  citric,  acetic,  tartaric,  and  malic.  That 
these  acids  are  most  important  nutritional  agents  no  one  can  doubt.  The  salts 
containing  them  are  at  first  neutral,  afterwards  alkaline,  from  their  conversion 
into  carbonates  ;  they  thus  play  a  double  part,  and  moreover,  when  free,  and 
in  the  presence  of  albumen  and  chloride  of  sodium,  these  acids  have  peculiar 
powers  of  precipitating  albumen,  or  perhaps  of  setting  free  hydrochloric  acid. 
Whatever  may  be  their  precise  action,  their  value  and  necessity  cannot  be 
doubted.  Without  them,  in  fact,  one  sees  no  reason  why  there  should  not 
be  a  contiuual  excess  of  acid  iil  the  system,  as  during  nutrition  a  continual 
excess  of  acids  (phosphoric,  sulphuric,  uric,  hippuric)  is  produced,  sufficient, 
even  when  the  ^ts  with  decomposable  acid  are  supplied,  to  render  all  ex- 
cretions (urinary,  cutaneous,  intestinal)  acid.  The  only  mode  of  supplying 
alkali  to  the  acids  formed  in  the  body  is  by  the  action  of  the  phosphates, 
which  is  limited.  The  only  manufacture  of  alkali  in  the  body  is  the  formation 
of  ammonia,  so  that  these  salts  are  most  important  as  antacids.  Yet  it  is  not 
solely  the  absence  of  alkali  which  produces  scurvy,  else  the  disease  would  be 
prevented  or  cured  by  supply  of  pure  or  carbonated  alkalies,  which  is  not  the 
casa 

When,  in  pursuing  the  argument,  we  then  inquire  whether  there  is  any 
proof  of  the  deficiency  of  these  particular  acids  and  salts  from  the  diets  which 
cause  scurvy,  we  find  the  strongest  evidence  not  only  that  this  is  the  case, 
but  that  their  addition  to  the  diet  cures  scurvy  with  great  certainty.*  They 
will  not,  of  course,  cure  coincident  starvation  arising  from  deficiency  of  food 
generally,  or  the  low  intercurrent  inflammations  which  occur  in  scurvy,  or  the 
occasionally  attendant  purpura,  but  the  true  scorbutic  condition  is  cured 
with  certainty. 

Of  the  five  acids,  it  would  appear  unlikely  that  the  lactic  should  be  the 
most  efficacious.  If  so,  how  is  it  that  in  starch  food,  during  the  digestion  of 
which  lactic  acid  is  probably  formed  in  large  quantities,  scurvy  should  occur  1 
Is,  in  such  a  case,  an  alkali  necessary  to  insure  the  change  of  the  acid  into  a 
carbonate  1  How  is  it  that  scurvy  will  occur  with  a  milk  diet,  though, 
doubtless,  milk  is  a  good,  though  not  perfect  preservative  ? 

Vinegar  is  an  old  remedy  for  scurvy,  and  acetic  acid  is  known  to  be  both 
a  preventive  of  (to  some  extent)  and  a  cure  for  scurvy.  But  it  has  always 
been  considered  much  inferior  to  both  citric  and  tartaric  acids.  Possibly,  as 
in  the  case  of  lactic  acid,  an  alkali  should  be  supplied  at  the  same  time,  sp 
as  to  enable  the  acid  to  be  more  rapidly  transformed. 

Tartaric,  and  especially  citric  acids,  when  combined  with  alkalies,  have 
always  been  considered  to  be  the  antiscorbutic  remedies,  par  excellence,  and 
the  evidence  on  this  point  seems  very  complete,  f 

*  This  was  moat  dearly  shown  in  the  last  Arctic  Expedition  (1875-6).  The  rations  on  board 
ship  daring  winter  were  ample,  containing  dried  potatoes  and  other  vegetables,  preserved  vege- 
tables,  pickles,  bottled  fruits,  vinegar,  and  a  daily  ration  of  lime  juice,  besides  raisins  and 
currants.  In  the  sledge  expeditions  all  these  were  cut  off  except  two  ounces  of  preserved 
potatoes,  an  inadequate  ration  under  any  circumstances.  The  meat  was  pemmican  and  bacon, 
and  there  was,  of  course,  no  fresh  bread.  The  result  was,  that  this  imperfect  diet,  conjoine<l 
with  most  laborious  work,  produced  a  severe  outbreak  of  scurvy  which  nearly  proved  fatal  to 
the  whole  party.  The  rapidity  with  which  the  sick  recovered,  on  being  supplied  with  lime 
juice  and  more  favourable  diet,  was  noticeable  (see  Beport,  <w.  cit). 

f  It  is  based  on  a  very  wide  experience,  and  should  not  oe  aet  aside  by  the  statements  of 
men  who  have  seen  only  three  or  four  cases  of  scurvy,  often  oomplicated,  which  happen  not 
to  have  been  benefited  by  lemon  juice.  The  progress  of  preventive  medicine  is  checked  by 
assertions  drawn  from  a  very  limited  experience,  yet  made  with  great  confidence.  We  must 
remember  tbat  many  cases  of  scoivy  are  complicated— that  the  tme  Morbntic  oon<)ition,  ifiaiu- 

2i 
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Of  malic  acid  little  is  known  as  an  antiscorbutic  agent,  but  it  is  well 
worthy  of  extended  trials. 

Deficiency  of  fresh,  vegetables  implies  deficiency  in  the  salts  of  these  acids, 
and  scurvy  ensues  with  certainty  on  their  disuse.  Its  occurrence  is,  however, 
greatly  aided  by  accessary  causes,  especially  deficiency  in  food  generally,  by 
cold  and  wet,  and  mental  and  moral  depression. 

The  preventive  measures  of  scurvy  are,  then,  the  supply  of  the  salts  of 
citric,  tartaric,  acetic,  lactic,  and  malic  acids,  and  of  the  acids  themselves,  and 
perhaps  in  the  order  here  given,  and  by  the  avoidance,  if  it  can  be  done,  of 
the  other  occasional  causes. 

Experience  seems  to  show  that  the  supply  of  these  acids  in  the  juices  of 
the  fresh  succulent  vegetables  and  fruits,  especially  the  potato,  the  cabbage, 
orange,  lime,  and  grape,  is  the  best  form.  But  fresh  fruits,  tubers,  roots,  and 
leaves  are  better  than  seeda  The  leguminosse,  and  many  other  vegetables, 
are  useless. 

Fresh,  and  especially  raw  meat  is  also  useful,  and  this  is  conjectured  to  be 
from  its  amount  of  lactic  acid  ;  but  this  is  uncertain. 

The  dried  vegetables  are  also  antiscorbutic,  but  far  less  so  than  the  fresh ; 
and  the  experience  of  the  American  War  is  not  so  favourable  to  them  as 
might  have  been  anticipated.  Do  the  citric  and  other  acids  in  the  dried 
vegetables  decompose  by  heat  or  by  keeping  ?  It  would  be  very  desirable  to 
have  this  question  settled  by  a  good  chemist  We  know  that  the  citric  acid 
in  lemon  juice  gradually  decomposes.  It  does  not  follow  that  it  should  be 
quite  stable  in  the  dried  vegetables. 

The  measures  to  be  adopted  in  tiine  of  war,  or  in  prolonged  sojourn  on 
board  ship,  or  at  stations  where  fresh  vegetables  are  scarce,  are — 

1.  The  supply  of  fresh  vegetables  and  fruits  by  all  the  means  in  our  power. 
Even  unripe  fruits  are  better  than  none,  and  we  must  risk  a  little  diarrhoea 
for  the  sake  of  their  antiscorbutic  properties.  In  time  of  war  every  vegetable 
should  be  used  which  it  is  safe  to  use,  and,  when  made  into  soups,  almost  all 
are  tolerably  pleasant  to  eat 

2.  The  supply  of  the  dried  vegetables,*  especially  potato,  cabbage,  and 
cauliflowers ;  turnips,  parsnips,  <fec,  are  perhaps  less  useful ;  dried  peas  and 
beans  are  useless.  As  a  matter  of  precaution,  these  dried  vegetables  should 
be  issued  early  in  a  campaign,  but  should  never  supersede  the  fresh 
vegetables. 

3.  Good  lemon  juice  should  be  issued  daily  (1  oz.),  and  it  should  be  seen 
that  the  men  take  it 

4.  Vinegar  (^  oz.  to  1  oz.  daily)  should  be  issued  with  the  rations,  and  used 
in  the  cooking. 

5.  Citrates,  tartrates,  lactates,  and  malates  of  potash,  should  be  issued  in 
bulk,  and  used  as  drinks,  or  added  to  the  food.  Potash  should  be  selected 
as  the  base,  as  there  is  seldom  any  chance  of  the  supply  of  soda  being 
lessened.  The  easiest  mode  of  issuing  these  salts  would  be  to  have  packets 
containing  enough  for  one  mess  of  twelve  men,  and  to  instruct  the  men  how 
important  it  is  to  place  them  in  the  soups  or  stewa  Possibly  they  might  be 
mixed  with  the  salt,  and  issued  merely  as  salt 

tion,  and  low  inflammation  of  variouis  oigans,  lungs,  spleen,  liver,  and  muscles,  may  be  ali 

S resent  at  the  same  time.    (See  also  page  825,  footnote.)    See  also  paper  by  Dr  Balfe,  of  the 
eamen's  Hospital.    (1877.    Reprinted  from  the  Lancet. ) 

*  Probably  oried  fhiits,  such  as  raisins  and  currants  (which  contain  some  add  and  vegetable 
salts)  are  useful  as  antiscorbutics.  The  American  pemmican  contains  them,  and  men  are  said 
to  live  upon  it  for  months  toother  without  suffering  from  scurvy.  It  appears  to  have  been 
that  kind  of  pemmican  on  which  the  crew  of  the  Polaris  lived,  who  drifted  op  an  iceberg  for 
dz  months.    Other  dried  fhdts,  such  as  apples  would  probably  also  be  efficacious. 
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Military  OpMhalmia, 
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The  term  "military  ophthalmia''  is  often  applied  particularly  to  that 
disease  in  which  the  peculiar  grey  granulations  form  on  the  palpebral  con- 
junctiva. But  any  severe  form  of  purulent  ophthalmia  spreading  in  a  regi- 
ment is  often  classed  under  the  same  heading.  Diseases  of  the  eyes  are  a 
source  of  very  considerable  inefficiency  in  the  army,  and  even  a  casual  visitor 
to  the  Eoyal  Victoria  Hospital  must  be  struck  by  the  large  number  of  men  he 
will  meet  with  who  have  some  afifection  of  the  eyes.  A  reference  to  the 
Army  Medical  Eeports  will  also  show  what  great  attention  is  being  paid  to 
this  import£int  subject  by  military  surgeons,  especially  by  my  coUeague, 
Professor  Longmore.* 

Epidemics  of  military  ophthalmia  (grey  or  vesicular  granulations,  and 
rapid  purulent  ophthalmia),  seem  to  have  been  uncommon,  or  perhaps 
unknown,  on  the  large  scale  in  the  wars  of  the  eighteenth  century. 

The  disease,  as  we  now  see  it,  is  one  of  the  legacies  which  Kapoleon  left 
to  the  world.  His  system  of  making  war  with  little  intermission,  rapid 
movements,  abandonment  of  the  good  old  custom  of  winter  quarters,  and 
intermixture  of  regiments  from  several  nations,  seem  to  have  given  a  great 
spread  to  the  disease,  and  though  the  subsequent  years  of  peace  have  greatly 
lessened  it,  it  has  prevailed  more  or  less  ever  since  in  the  French,  Frussidn, 
Austrian,  Bavarian,  Hanoverian,  Italian,  Spanish,  Belgian,  Swedish,  and 
Eussian  armies,  as  well  as  in  our  own.  It  has  also  been  evidently  propagated 
among  the  civil  population  by  the  armies,  and  is  one  more  heritage  with  which 
glorious  war  has  cursed  the  nations. 

In  some  cases,  as  in  the  Danish  army,  it  has  been  absent  till  manifestly 
introduced  (in  1851) ;  in  other  instances  it  has  been  supposed  to  originate 
spontaneously  from  overcrowding  and  foul  barrack  atmosphere,  and  from 
defective  arrangements  for  ablution.!  Here,  as  in  so  many  other  cases,  we 
find  that  the  question  of  origin  de  naoo,  however  important,  need  not  be 
mixed  up  with  that  of  the  necessary  preventive  measures.  What  is  important 
for  us  is  to  know— first,  that  it  is  conta^ous,  that  is,  transmissible ;  and, 
secondly,  that  if  not  produced,  its  transmissibility  is  singularly  aided  by  bad 
barrack  accommodation. 

The  measures  to  be  adopted  if  military  ophthalmia  prevails — 

1.  Good  Ventilation  and  Purity  of  the  Air, — In  the  Hanoverian  army, 
Stromeyer  reduced  the  number  of  cases  in  an  extraordinary  degree,  simply 
by  good  ventilation.  The  only  explanation  of  this  must  be  that  the  dried 
particles  of  pus  and  epithelium,  instead  of  accumulating  in  the  room,  were 
carried  away,  and  did  not  lodge  on  the  eyelids  of  the  healthy  men.  The 
evolution  of  ammonia  from  decomposing  urine  has  also  been  assigned  as  a 
cause,  and  this  would  be  also  lessened  by  good  ventilation. 

It  would  appear  likely  that  bad  barrack  air  predisposes  to  granular  con- 
junctivitis by  producing  some  peculiar  state  of  the  palpebral  conjunctiva  and 
glands  (Stromeyer  and  Frank),  and  if  a  diseased  person  then  introduces  the 
specific  disease,  it  spreads  with  great  rapidity,  or  possibly,  as  Mr  Welch's 


*  Ophthalmoscopes  are  now  issued  to  the  different  stations,  and  an'Ophthalmosoopic  Manual 
has  been  drawn  up  by  Mr  Lon^ore  for  the  use  of  army  medical  officers.  As  fldving  a  good 
survey  of  military  ophthalmia  m  the  British  army,  the  excellent  papers  of  Dr  FnuK  (Army 
Medical  Report  for  1360)  and  Dr  Marston  (Beale's  Archives)  should  be  also  referred  to.  A 
very  interesting  paper  has  also  been  published  by  Mr  Welch,  22d  regiment  (Army  Medical 
Beport,  vol.  v.  p.  494, 1865),  on  the  Causes  aiding  the  Development  of  Granulations  at  Malta. 
A  warm,  moist,  impure  atmosphere  is  shown  to  have  a  great  influence. 

t  See  Dr  Frank's  papers  (Army  Medical  Report  for  1860,  p.  406)  for  some  remarks  on  its 
spontaneous  origin. 
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facts  seem  to  show,  the  impure  atmosphere  is  the  great  cause,  and  contagion 
only  secondary. 

2.  Careful  Ablution  Arrangements, — An  insufficient  supply  of  water  for 
cleansing  basins,  and  the  use  of  the  same  towels,  are  great  means  of  spreading 
the  disease,  if  it  has  heen  introduced  Whenever  men  use  the  same  basins, 
they  should  be  taught  to  thoroughly  cleanse  them ;  and  it  would  be  well  if, 
in  every  military  ablution  room,  the  men  were  taught  not  only  to  allow  the 
dirty  water  to  run  away,  but  to  refill  the  basin  wi9i  water,  which  the  next 
comer  would  let  off  before  filling  with  fresh  water  for  himself.  If  some 
mechanism  could  be  devised  for  this,  it  would  be  very  useful  The  same 
towel  is  a  most  common  cause  of  propagation ;  or  a  diseased  man  using  always 
the  same  towel  may  reinoculate  himsell  The  towels  should  be  very 
frequently  washed  (probably  every  day),  and  should  be  dried  in  the  open  air, 
never  in  the  ablution  room  or  barrack. 

In  some  cases  special  ablution  arrangements  may  cause  a  good  deal  of 
granular  conjunctivitis.  In  1842  and  1843  I  witnessed,  in  a  regiment  newly 
landed  in  India  from  England,  a  very  great  number  of  cases  of  this  kind ;  the 
supply  of  water  was  very  insufficient,  many  men  used  the  same  basins,  which 
were  very  imperfectly  cleaned ;  the  same  basins  were  used  for  washiag,  and 
also  for  dyeing  clothes ;  at  that  time  the  men  in  the  cold  months  wore 
trousers  of  a  black  drill,  and  when  the  dye  came  off  they  were  accustomed  to 
rudely  replace  it ;  they  themselves  ascribed  the  very  prevalent  ophthalmia  to 
the  irritating  effect  of  the  particles  of  the  dye  left  in  the  basins,  and  getting 
into  the  eyes.  There  were  enormous  granulations  on  both  upper  and  lower 
lids,  and  the  disease  was  beUeved  to  be  communicable,  but  whether  the 
affection  was  strictly  to  be  classed  with  the  vesicular  granulations  I  do  not 
know. 

3.  In  some  cases  the  use  of  the  bedding  (pillows  and  pillow  cases),  which 
has  been  used  by  men  with  grey  granulations,  has  given  the  disease  to  others, 
and  this  has  especially  occurred  on  board  transports.  In  time  of  war 
especially  this  should  be  looked  to.  If  any  cases  of  ophthalmia  have  occurred 
on  board  ship,  all  the  pillows  and  mattresses  should  be  washed,  fumigated, 
and  thoroughly  aired  and  beaten.  The  transference  has  been  in  this  case 
direct,  particles  of  pus,  (fee,  adhering  to  the  pillow  and  mattresses,  and  then 
getting  into  the  eyes  of  the  next  comers. 

4.  Immediately  the  disease  presents  itself,  the  men  should  be  completely 
isolated,  and  allowed  to  have  no  communication  with  their  comrades.  It  has 
been  a  great  question  whether  a  Grovemment  is  justified  in  sending  soldiers 
home  to  their  friends,  as  the  disease  has  been  thus  carried  into  previously 
healthy  villages.  It  would  seem  clear  that  the  State  should  bear  its  own 
burdens,  and  provide  means  of  isolation  and  perfect  cure,  and  not  throw  the 
risk  on  the  friends  and  neighbours  of  the  soldier. 

An  important  matter  to  remember  in  connection  with  grey  granulations 
is,  that  relapses  are  veiy  frequent ;  a  man  once  affected  has  no  safety 
(Warlomont) ;  simple  causes  of  catarrh  and  inflammation  may  then  reinduce 
the  specific  grey  granulations  with  their  contagious  characters  ;  so  that  a  man 
who  has  once  had  the  disease  is  a  source  of  danger,  and  should  be  watched. 

Venereal  Diseases  in  the  Army, 

It  is  convenient  for  our  purpose  to  put  together  all  diseases  arising  from 
impure  sexual  intercouise,  whether  it  be  a  simple  excoriation  which  has  been 
inoculated  with  the  natural  vaginal  mucus  or  with  leucorrhoeal  discharges,  and 
which  may  produce  sonifi  inguinal  swelling,  and  may  either  get  well  in  a  few 
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days  or  last  for  several  days ;  or  whether  it  be  an  inflaininatioB  of  the  uxothia 
produced  by  specific  (or  non-specific  ]  leucorrhoeal  ?)  discharge ;  or  whether  it 
be  one  of  the  forms  of  syphllia  now  diagnosed  as  being  in  all  probability 
separate  and  special  diseases,  having  particular  courses  and  terminationa 

In  the  army  men  enter  the  hospital  from  all  these,  causes,  and  from  the 
remoter  effects  of  gonorrhoea  or  syphilis,  orchitis,  gleet,  stricture,  bladder  and 
kidney  affection ;  or  syphilitic  diseases  of  the  skin,  bones,  eyes,  and  internal 
organa 

The  gross  amount  of  ineffici^icy  in  the  army  is  tolerably  well  known,  but 
it  will  require  a  few  more  years  before  the  several  items  of  the  gross  amount 
are  properly  made  out  This  arises  partly  from  an  occasional  great  difficulty 
in  the  diagnosis  of  true  infecting  syphilis,  and  partly  from  a  want  of 
uniformity  in  nomenclature. 

The  comparative  amount  of  army  and  civil  venereal  diseases  is  not  known, 
because  we  have  no  statistics  of  the  civil  amount.  It  is  no  doubt  great  It 
is  a  question  whether  a  large  m^ority  of  the  young  men  of  the  upper  and 
middle  classes  do  not  suffer  in  youth  from  some  form  of  venereal  diseases. 
In  the  lower  classes  it  is  perhaps  equally  common. 

The  sequences  are  most  serious ;  neglected  gleet,  stricture,  secondary  and 
tertiary  syphilis,  are  sad  prices  to  pay  for  an  uiilawful  (in  some  cases  a 
momenta^)  gratification ;  and  in  the  army  the  State  yearly  suffers  a  large 
pecuniary  loss  from  inefficiency  and  early  invaliding.  In  campaigns  the 
inefficiency  from  this  cause  has  sometimes  been  great  enough  to  alarm  the 
generals  in  command,  and  to  increase  considerably  the  labour  and  sufferings 
of  the  men  who  are  not  affected 

The  preventive  measures  against  venereal  diseases  are — 

1.  Continence. — The  sexual  passion  in  most  men  is  very  strongs 
Providence  has,  indeed,  made  it  strong  enough  to  lead  men  to  defy  aU.  dangers, 
and  to  risk  all  consequences.  It  has  been  supposed  by  some  that,  in  early 
manhood,  continence  is  impossible,  or  if  practised,  is  so  at  the  risk  of  other 
habits  being  formed,  which  are  more  hurtful  than  sexual  intercourse,  with  all 
its  dangersL  But  this  is  surely  an  exaggeration  ;  the  development  of  this 
passion  can  be  accelerated  or  delayed,  excited  or  lowered,  by  various  measures, 
and  continence  becomes  not  only  possible,  but  easy. 

For  delaying  the  advent  of  sexual  puberty  and  desire,  two  plans,  in  addition 
to  the  restraints  of  religious  duty,  can  be  suggested — absence  from  exciting 
thoughts  and  temptation,  and  the  systematic  employment  of  muscular  and 
mental  exercisa  The  minds  of  the  young  are  often  but  too  soon  awakened 
to  such  matters,  and  obscene  companions  or  books  have  lighted  up  in  many  a 
youthful  breast  ihsitfeurd'enfer  which  is  more  dangerous  to  many  a  man  than 
the  sharpest  fire  of  ttie  battlefield  would  be.  Among  young  soldiers  this  is 
especially  the  case  ;  while,  in  spite  of  the  exciting  hterature  of  the  day,  and 
of  the  looseness  of  some  of  the  older  boys  at  the  public  schools,  or  at  the  uni- 
versities, the  moral  tone  of  the  young  gentlemen  of  our  day  is  better  than  it 
was  some  half  century  ago,  the  conversation  of  the  classes  from  which  the 
soldier  is  drawn  is  still  coarse  and  lewd  as  in  the  middle  ages.  There  is  too 
olose  a  mixture  of  the  sexes  in  the  English  cottages  for  much  decency,  and  the 
young  recruit  does  not  often  require  the  tone  of  the  barrack  to  destroy  his 
modesty.  In  fact,  it  is  possible  that,  in  good  regiments,  he  will  find  a  higher 
moral  tone  than  in  the  factory  or  the  hi^est  field. 

We  must  trust  to  a  higher  cultivation,  and  especially  to  religious  influences, 
to  introduce  among  the  male  youth  of  this  nation,  in  aU  its  grades,  a  purer 
moral  tone,  so  that  the  safeguard  of  modesty  and  religious  scruples  may  be 
cultivated,  and  not  destroyed.    In  the  army,  the  Qxample  of  the  officers,  and 
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their  exertions  in  this  way,  would  do  great  tilings,  if  we  could  hope  that  the 
high  moral  tone  which  happily  exists  in  some  cases  could  inspire  alL 

If  exciting  and  lewd  conversation  and  thoughts  should  he  discouraged  by 
moral  and  religious  teaching,  it  is  not  the  less  necessary  to  save  the  yonsg 
from  temptation.  The  youth  of  this  nation  are  now  sorely  tempted,  for  in 
our  streets  prostitution  is  at  every  comer.  Whatever  may  he  the  objection 
to  police  regulations,  we  have  surely  a  right  to  demand  that  the  present  system 
of  temptation  shall  be  altered.  It  may  not  be  easy  to  exclude  all  prostitutes, 
especidly  of  the  better  class  (whose  calling  is  less  easily  brought  home  to 
them),  from  public  thoroughfares,  but,  practically,  open  prostitution  can  be 
recognised  and  made  to  disappear  from  our  streets.  It  has  been  said  our  police 
regulations  are  sufficient  for  this  ;  they  have  never  yet  proved  so  ;  and  in  no 
European  country  but  England  is  prostitution  so  open  and  so  undisguised.* 

In  the  Acts  passed  in  1864,t  1866,  and  1869,  and  in  the  Licensing  Act  of 
1872  (Acts  of  the  greatest  importance,  as  the  first  steps  in  an  efficient  legiala^ 
tion),  authority  has  been  now  taken  to  prevent  prostitutes  from  assembling 
in  the  publichouses,  and  to  a  certain  extent  sources  of  temptation  have  been 
removed. 

If  young  men  can  thus  escape  an  appeal  to  their  passions,  continence  is 
much  more  easy. ,  There  are  times  when  the  strictest  virtue  may  well  dread 
such  an  appeal.  Human  nature  is  but  too  weak,  and  needs  every  saf ^^aaid 
it  can  get. 

As  aids  to  continence,  great  physical  and  mental  exertion  axe  most  powerful 
It  would  seem  that,  during  great  exercise,  the  nervous  energy  is  expended  in 
that  way,  and  erotic  thoughts  and  propensities  are  less  prominent ;  so  also 
with  mental  exercise,  in  perhaps  a  less  degree.  The  establishment  of  athletic 
sports,  gymnasia,  and  comfortable  reading-rooms  in  the  army,  may  be  expected 
to  have  some  influence. 

Temperance  is  a  great  aid  to  continence.  In  the  army,  the  intemperate 
men  give  the  greatest  number  of  cases  of  syphilis  ;  and  when  a  man  gets  an 
attack,  it  is  not  infrequently  found  that  he  was  drunk  at  the  time. 

The  measures  which  promote  continence  are  then — 

(a)  The  cultivation  of  a  religious  feeling,  aild  of  pure  thought  and  conversa- 
tion among  the  young  soldiers,  by  every  means  in  our  power. 
Eemoving  temptation  and  occasions  to  sin. 

Constant  and  agreeable  employment,  bodily  and  mentally  ;  as  idleness 
is  one  great  cause  of  debauchery. 

(d)  Temperance. 

2.  Marriage. — It  is  very  doubtful  whether  those  who  condemn  early 
marriages  among  the  working  classes,  on  account  of  improvidence,  are  entirely 
right  in  their  aigument.  The  moral  effect  of  prolonged  cehbacy  has  seldom 
been  considered  by  them.  Probably  the  early  mairiages  are  the  salvation  of 
the  working  youth  of  this  coimtry ;  and  in  the  present  condition  of  the  labour 
market,  the  best  thing  a  working-man  can  do  is,  as  early  a  possible,  to  make 
his  home,  and  to  secure  himself  both  from  the  temptations  and  expenses  of 
bachelorhood.  In  the  case  of  the  soldier  the  conditions  are  different  for 
different  men ;  the  private  soldier  who  has  enlisted  for  long  service  (12  years, 

*  The  effect  of  this  upon  tlie  Tiitaoiis  female  population  is  very  serious.  Every  servant  in 
London  sees  the  fine  clothes  and  hears  of  the  idle  laznrioiis  lives  of  the  women  of  the  town, 
and  knows  that  occasionally  respectable  marriage  ends  a  life  of  vice.  What  a  temptation  to 
abandon  the  hard  work  and  the  drudgery  of  service  for  such  a  career,  of  which  she  sees  only 
the  bright  side  !  It  is  a  temptation  from  which  the  State  should  save  her.  She  sihoald  see 
prostitution  as  a  degraded  calling  only,  with  its  restrictions  and  its  inconveniences. 

t  An  Act  for  the  Prevention  of  Contagious  Diseases  at  Certain  Naval  and  Milituy  Statiooa^ 
1864 ;  an  Act  for  the  better  Prevention,  &c.«  1866  (dted  as  Contagious  Diseases  Ac^  1866). 
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and  piospect  of  renewal)  cannot  marry  for  seyen  years,  and  then  only  7  per 
cent  can  many  with,  leave.  It  was  difficult  to  aroid  this,  and  the  conse- 
quences were  certainly  most  serious.  Under  the  new  system  of  six  years'  en- 
listment, and  passage  into  the  reserve,  a  soldier  will  not  marry  at  aJl,  and  it 
is  of  course  desirable  he  should  not  do  so.  If  he  enlists  at  eighteen, 
at  twenty-four  he  will  be  free  ;  and  if  kept  in  full  occupation,  and  as  far  as 
possible  shielded  from  temptation,  the  burden  of  celibacy  will  not  weigh  upon 
hiuL  Continence  would  be  desirable  for  his  health,  and  for  the  welfare  of  his 
future  offspring.  The  short  service  now  introduced  may  indeed  greatly  influ- 
ence this  matter,  and  certainly  has  removed  from  pressing  discussion  the 
question  of  marrige  in  the  infLt^  of  thearmy.        ^^ 

3.  Precaidione  against  the  Disease, — ^Admitting  that,  in  the  case  of  a  body 
of  unmarried  men,  a  certain  amount  of  prostitution  will  go  on,*  something 
may  be  done  to  prevent  disease  by  extreme  cleanliness,  instant  ablution,  and 
by  the  use  of  zinc,  alum,  and  iron  washes,  or  similar  lotions  after  connection, 
and  by  the  constant  use  by  prostitutes  of  similar  washes.  It  may  seem  an 
offence  against  morality  to  speak  of  such  things ;  but  we  must  deal  with  things 
as  they  are  ;  and  our  object  now  is  not  to  enforce  morality,  but  to  prevent 
disease.  The  use  in  brothels  of  these  measures  appears  to  be  more  efficacious 
than  any  other  plan.  In  some  of  the  French  towns  the  use  of  lotions  and  wash- 
ings is  rigorously  enforced,  with  the  effect  of  lessening  disease  considerably. 

4.  Detection  and  Ours  of  Diseased  Men  and  Women, — In  the  case  of  the 
soldier  who  has  medical  advice  at  hand,  it  seems  of  the  greatest  importance  to 
have  instant  medical  aid  at  the  first  sign  oi  disease.  Bui,  instead  of  this,  the 
soldier  conceals  his  aUment  as  long  as  possible,  because  he  will  be  sent  to 
hospital,  put  under  stoppages,  &c.  A  late  regulation  has  made  this  even  more 
stringent,  but  surely  its  wisdom  may  be  questioned.  Surely  the  soldier 
should  be  encouraged  to  make  immediate  application,  and  he  should  certainly 
not  be  punished  for  a  fault  which  his  sup^ors  commit  with  impunity,  and 
for  whidi  the  State  is  in  part  answ^»ble  by  enforcing  celibacy.  Our  object 
IB  to  preserve  the  man's  health  and  services  for  the  State ;  we  shall  not  accom- 
plish this  hj  ignoring  what  is  a  common  consequence  of  his  conditions  of 
servica  Health  inspections,  which  are  not  now  obligatory,  ought,  in 
my  opinion,  to  be  made  weekly  by  the  surgeon.  I  believe  these  inspections, 
when  carefully  made,  to  be  of  the  greatest  service.  Some  medical  officers  used 
to  consider  th«n  derogatory  to  themselves,  and  slurred  them  over.     I  cai^ 

*  WUle  saying  thi&  and  wlule  dealing  with  what  actually  exists,  I  do  not,  for  a  moment, 
sliare  the  opinions  of^those  who  look  on  prostitution  not  only  as  a  necessity,  but  as  a  ffood — as 
a  shield  against  worse  vices,  and  as  a  guard  against  attempts  on  married  virtue.  One  feels 
instinctively  that  such  arsniments,  however  plausible  at  first  sight,  are  untrue.  In  fact,  they  do 
sot  bear  investigation.  I>evelop  the  case  to  a  general  rule  (as  Paley  advised  to  be  done  in  all 
aigoments),  and  its  fallacy  i»  manifest  The  more  prostitution  is  extended,  the  more  encroach- 
jnent  does  it  make  on  marria^;e — the  safeguard  of  the  human  race.  In  its  smallest  degree  it 
does  this.  If  extended,  prostitution  would  begin  to  shake  the  very  structure  of  society,  for  the 
relation  of  the  sexes,  the  improvement  of  both  men  and  women,  and  the  ears  and  culture  of  the 
of&pring,  would  become  enoangered.  The  more  it  is  considered,  the  more  clearly  will  the  ter- 
rible consequences  of  on  extended  prostitution  come  out  But  apart  from  this  general  view,  the 
effect  on  the  individual  man  is  disastrous,  even  if  h^  escape  venereal  disease.  Association  with 
a  single  woman  is  a  safegusffd  agninst  excess  ;  but  if  tue  appetite  is  stimulated  by  constant 
variety,  it  is  impossible  to  avoid  excess,  and  its  enfeebling  effects  on  the  body.  It  is  worse 
than  polygamy,  as  sexual  intercourse  with  different  females  is  more  varied.  In  polygamy,  also, 
it  is  well  known  that  our  common  notion  of  a  ^reat  number  of  wives  is  erroneous  ;  a  sto^  is 
put  by  the  expense ;  and  in  the  polygamous  nations  the  majority  of  men  have  only  one  wife. 
Whenever  station  or  riches  enable  a  man  to  have  more,  he  pays  for  his  gratification  by  an 
enfeebled  health,  and  by  a  dmnerate  offspring. 

It  is  not  without  physiological  cause  that  Christianity  has  forbidden  prostitution,  in  terms 
which  make  us  understand,  even  better  than  the  writings  of  Terence  or  Juvenal,  how  wide- 
spread and  deadly  was  the  prostitution  of  antiquity,  and  how  the  strength  and  wellbeing  of 
men  were  being  undermined.    Is  there  no  danger  that  we  Qiay  require  similar  waraiogi  7 
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neither  participate  in,  nor  indeed  understand,  a  feeling  of  thm  kind ;  it  0eem0 
to  me  a  matter  of  duty,  which  should  be  done  as  consden^onsly  as  possible. 
I  know  from  personal  experience  of  health  inspections  in  the  army  how  mmy 
men  are  caught  in  an  early  stage  of  syphilis  and  gonorrhcea,  and  the  disease 
is  forthwith  cured,  or  greatly  mitigated.  Some  suppose  they  are  derogatory 
to  the  men ;  but  they  were  practised  for  many  years,  and  no  sudi  feeling  was 
excited. 

It  has  been  also  proposed  to  detect  and  cnre  the  disease  in  prostitates.  A 
great  outcry  has  been  raised  against  this  proposal,  which  is  yet  a  matter  of 
precaution  which  the  State  is  sorely  bound  to  take.  A  woman  chooses  to 
follow  a  dangerous  trade — as  dangerous  as  if  she  stood  at  the  comer  of  a  street 
exploding  gunpowder.  By  practising  this  trade  she  ought  at  once  to  bring 
herself  under  the  law,  and  the  State  must  take  what  precautions  it  can  to  pre- 
yent  her  doing  mischief.  The  State  cannot  prevent  prostitution.  We  shall 
see  no  return  to  the  stem  old  Scandinavian  law  which  punished  the  prostitute 
with  stripes  and  death  ;  but  it  is  no  more  interference  with  the  liberty  of  the 
subject  to  prevent  a  woman  from  propagating  syphilis,  than  it  would  be  to 
prevent  her  propagating  smallpox. 

The  difficulty  is  to  detect  when  she  is  diseased.  Abroad,  an  elaborate 
system  is  in  use  for  this  purpose  ;  brothels  are  registered,  and  their  inmates 
regularly  examined.  In  this  country  such  a  system  seems  to  many  people  too 
like  a  recognition  of  the  inevitableness  of  prostitution,  and  to  a  certain  extent 
a  sanction  of  it.  It  does  not  present  itself  to  me  in  this  light,  but  as  a  simple 
matter  of  precaution.  A  custom  exists  which  we  cannot  set  aside ;  let  us  ob- 
viate its  effects  as  best  we  may,  while,  at  the  same  time,  by  higher  culture  and 
better  religious  teaching,  we  endeavour  to  gradually  remove  the  custom.* 

A  partial  adoption  of  this  plan  has  been  commeDced  by  the  military  and 
naval  authorities  in  this  country,  and  Acts  have  been  passed  (1864, 1866,  and 
1869)  by  means  of  which  the  prostitutes  of  certain  military  and  naval  sti^ons 
are  brought  under  supervision.!  The  important  clause  in  the  Act  for  1866 
is  clause  15,  which  provides  that  when  an  information  is  made  on  oath  that 
a  woman  is  a  common  prostitute,  living  within  the  limits  of  any  place  to 
which  the  Act  applies,  or  having  been  within  those  limits  for  the  purpose  of 
prostitution,  a  justice  may  issue  notice  to  such  woman,  through  the  superin- 
tendent of  police,  to  appear  for  medical  examination.  She  is  then  kept  under 
continued  inspection,  and  certified  Lock  Hospitals  are  provided  for  her  treat- 
ment if  she  is  discovered  to  be  ilL  Clause  36  is  also  an  impwtant  one  ;  it 
imposes  a  penalty  of  £20,  or  imprisonment,  with  or  without  hard  labour,  on 
any  brothel-keeper  or  owner  of  a  house  who,  having  reasonable  cause  to  know 

*  Those  TOTSODS  who  shut  their  eyes  to  tiie  eDormous  prostrtntion  of  this  country,  as  ef  «U 
others,  or  think  nothing  can  be  done  because  It  is  impossible  to  deal  with  private  or  "  sly  * 
prostitution,  and  with  the  higher  grades  of  the  calling,  should  remember  that  some  moyement 
in  the  interest  of  the  unhappy  girls  themselv<es  is  necessary.  In  the  low  brothels  in  London 
the  system  is  a  most  cruel  one.  A  girl  is  at  first  well  treated,  and  encouraged  to  fkU  into  debt 
to  her  employer.  As  soon  as  she  ia  fairly  iuTolved,  she  is  a  slave }  there  is  no  relief  till  she 
can  make  no  more  money,  when  she  is  cast  out.  Surely  something  should  be  done  to  save  her. 
Possibly  it  might  be  well  to  try  the  plan  of  recognising  no  debts  fh>m  a  girl  to  the  proeuicss  or 
brothel-keeper,  and  to  also  devise  means  for  at  once  giving  her  the  means  of  release  from  her 
life  if  she  desires  it.  Also,  if  such  houses  must  exist — and  who  can  venture  to  hope  they  will 
not  ? — ^they  may  at  least  be  made  less  indecent^  quieter,  and  safer  from  theft,  and  even  murder. 
At  present,  the  system,  as  it  exists,  is  a  gigantic  scandal  to  Christianity,  andf  JeannePa  singular 
work  has  lately  shown  how  curious  a  parallel  there  is  between  modem  prostitution  and  that 
which  dimmed  the  splendour,  and  peitiaps  hastened  the  fall,  of  Imperial  and  Pagan  Borne. 
Eighteen  centuries  after  the  death  of  Chnst,  are  we  still  at  such  a  point  f 

t  The  military  stations  named  in  the  Contagious  Diseases  Act  in  1866,  are  Portsmouth,  Ply- 
mouth, and  Devonport:  Woolwich.  Chatham,  and  Sheemess ;  Aldershot,  Windsor,  Colchester, 
Bhomcliffe,  Curragh,  Cork,  and  Queenstown,  Others  have  since  been  added.  Adjoiuiiur 
parishes  are  in  many  oases  included. 
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a  woman  to  be  a  prostitate,  and  to  be  affeeted  with  a  contagions  diseaaey 
allows  her  to  resort  to  the  house  for  the  purpose  of  prostitution* 

This  Act  came  into  force  on  the  1st  October  1866  ;  and  in  some  stations, 
as  at  Aldershot,  it  was  really  more  than  half  a  year  after  this  time  before  it 
could  be  put  into  force. 

Admisdons  of  Primary  Venereal  Sore  per  1000  of  Strength, 


Stations  undee  the  Act. 

1M7. 

1868. 

1889. 

1870. 

1871. 

1872. 

187S. 

1874.* 

1876.* 

1876* 

Plymouth,     . 

76 

66 

74 

68 

60 

69 

«7 

86 

29 

27 

Portsmouth, . 

116 

86 

62 

61 

41 

40 

44 

48 

30 

27 

Chatham, 

71 

63 

41 

47 

66 

49 

41 

3S 

17 

33 

Woolwich,     . 

88 

46 

62 

43 

68 

60 

60 

47 

69 

42 

Aldershot,     . 

81 

77 

63 

67 

66 

62 

72 

62 

46 

47 

Dover,      .     . 

132 

111 

80 

80 

24 

47 

88 

87 

27 

30 

Stations  not  under  the  Act. 

London,    .     . 

163 

148 

144 

160 

190 

199 

186 

179 

187 

146 

Sheffield, .    . 

163 

107 

146 

77 

126 

98 

71 

49 

87 

119 

Manchester,  . 

177 

116 

160 

92 

70 

98 

91 

106 

89 

113 

Dublin,    .     . 

129 

139 

180 

128 

117 

166 

136 

96 

73 

76 

Isle  of  Wight, 

69 

108 

129 

64 

66 

67 

37 

89 

89 

64 

Belfast,     .     . 

89 

66 

^2 

43 

61 

78 

103 

64 

44 

67 

Since  the  passing  of  these  Acts  there  has  been  a  most  decided  decrease  in 
the  number  of  primary  yenereal  sores  at  all  the  military  stations  under  the 
Acts,  compared  with  non-protected  stations.  And  this  is  the  more  satisfactory, 
because  the  frequent  movement  of  the  troops,  and  the  number  of  stations 
where  there  is  no  control  of  disease,  render  the  working  of  the  Acts  difficult. 
The  record  for  the  years  1867-76  at  a  few  stations  will  show  the  decrease  (see 
above). 

Of  course,  it  is  difficult  to  compare  garrison  and  commercial  towns^  still  the 
above  figures  show  a  decided  decline  in  the  controlled  stations. 

But  ti^e  following  figures,  kindly  given  me  by  Dr  Balfour,  are  quite  con- 
vincing. 

In  1871  and  1872  there  were  fourteen  stations  under  the  Contagious 
Diseases  Act,  with  a  mean  strength  of  51,400  men ;  putting  against  these  other 
fourteen  stations  not  under  the  Act,  with  an  average  strength  of  19,953  men, 
we  have  the  following  ratio  : — 

Admismon  per  1000  of  Strength, 


Priinuy 
Venereal  Sore. 

Oonorrhoea. 

StfttioiM  under  the  Act,      .    lj^y\* 
Stations  not  under  the  Act,  |  ^|Z»' 

60-0 
68*8 

98-4 
128-2 

116-9 
105-1 

107-4 
106-9 

It  must  be  remembered  that  at  present  gonorrhoea  baa  not  been  touched 
by  the  Act,  for  want  of  hospital  accommodation,  so  that  the  equal  amount  of 
gonorrhoea  of  the  two  classes  shows  that  the  enormous  lessening  of  primary 


Stoppage  of  pay  in  force.- 
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venereal  sore  in  the  controlled  stations  is  owing  to  a  real  diminution  of  sypliilisf 
and  not  to  lessened  frequency  of  intercourse.*  This  is  proved  again  by  the 
following  figures  given  me  by  Dr  Balfour. 

In  1864,  the  year  before  the  Act  came  into  operation,  the  average  admissions 
at  all  the  stations  from  primary  venereal  sore  were  108*6  per  lOOO.  In  1872, 
at  the  uncontrolled  stations,  the  number  was  still  higher,  being  123*2,  so  that 
syphilis  had  not  declined  in  the  uncontrolled  stations.  But,  aa  already  said, 
in  the  controlled  stations  in  1872,  the  admissions  were  only  53'3.  Therefore, 
the  gain  to  the  State  in  the  controlled  stations  was  (108*6-53-3)  55  admissions 
less  per  1000  of  strength  ;  and  in  a  mean  strengtn.  of  50,000  men  the  State 
was  saved  the  cost  of  2750  cases  of  primary  venereal  sore  in  that  year,  and 
the  men  were  saved  the  enormous  injury  to  their  health,  which  would  other- 
wise have  resulted. 

Let  the  facts  be  put  in  another  form.  Taking  the  first  seven  years  that  the 
Acts  were  in  operation  (before  the  introduction  of  the  stoppage  regulation  in 
1873),  viz.,  1865-72  (though  in  the  early  years  the  operation  was  partial  and 
imperfect),  we  have  the  following  figures  : — 


Admission  per  1000  of  Strength,  1865-72  inclusive. 


All  stations  not  under  the  Act  (mean  ) 

strength  32,528  men),      .     .     .  j 

Stations  under  the  Act  (mean  strength  ) 

30,765  men), ) 


Primary  Soretr 

1031 
62*8 


Gonorrluea. 

111*9 
115*0 


There  was  therefore  a  practical  identity  in  gonorrhoeal  admissions,  but  the 
annual  admissions  for  primary  venereal  sores  were  reduced  in  the  controlled 
stations  by  40*3  per  1000.  In  the  eight  years  the  State  was  therefore  saved 
very  nearly  10,000  cases  of  syphilis  ;  and  supposing  each  demanded  twenty 
days  of  treatment  (which  is  moderate),  200,000  days  of  sickness  have  been 
saved  in  eight  years. 

Such,  then,  has  been  the  operation  of  the  Act  under  many  disadvantages, 
but  this  has  not  been  its  only  beneficial  effect. 

The  Act  at  the  large  stations  has  done  great  good  in  some  other  directions, 
especially  as  regards  the  women.  Many  women  have  been  reclaimed  ;  the 
horrible  juvenile  prostitution  has  almost  ceased,  and  comparative  decency  has 
been  taught  in  the  hospitals.  Still  the  Act  is  too  feebly  drawn,  and  too 
partially  carried  out,  to  cope  entirely*  with  the  eviL  The  prostitutes  are  not 
thoroughly  under  inspection  ;  many  are  not  inspected  at  all ;  neighbouring 
towns  send  in  prostitutes ;  and  hospital  accommodation  is  insufficient 


*  In  the  retnni  for  1876,  we  find  the  following  r— 


Primarr 
Venereal  Sore. 

Gonorrhoea. 

14  Stations  under  the  Act,  \ 
strength  48,620,     .        .  > 

14  Stations  not  under  the  \ 
Act,  strength  18,790,     .  { 

83 

88 

«8 
89 

A II  the  stations  not  nnder  the  Act,  grouped  together,  show  a  mean  strength  of  88,073,  with 
2,416  admissions  for  primary  yenereied  sores,  or  63  per  1000,  against  33  per  1000  in  the  stations 
under  the  Act  The  diiference  is  thus  maintained  m  the  stations  under  the  Act.  Much  has 
been  made  by  the  opponents  of  the  Acts,  of  the  fact  that  the  men  (since  1873)  have  been 
subjected  to  stoppages,  which  has  (presumably)  led  to  conoealmeDt  iA  disease.  But  it  is 
obvious  that  if  this  be  the  case,  the  influence  must  aifect  all  stations  equally,  yet  we  stiU. 
find  the  highest  ratios  (even  in  gonqirhcea)  in  the  non-protected  stations. 
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The  prostitutes  from  surronnding  districts  not  in  the  Act  also  come  into 
these  towns  and  camp,  either  remaining  for  a  few  days  and  then  disappearing, 
or,  if  diseased,  stopping  till  they  can  get  admitted  into  hospital  Ee^ments 
coming  from  other  quarters  not  under  the  Act ;  men  coming  from  furlough  or 
detachment,  also  introduce  the  disease ;  in  fact,  the  means  of  evasion  and  of 
re-introduclion  are  numerous. 

One  consequence  of  the  Contagious  Diseases  Act  was  to  make  public  the 
most  frightful  state  of  things  among  the  women  of  our  garrison  towns.  The 
vivid  picture  of  the  Chatham  prostitute's  life,  drawn  by  Mr  Berkeley  Hill,* 
was  no  exaggeration.  Eeports  from  the  Lock  hospitals  at  other  places  would, 
if  published,  have  borne  out  all  Mr  Hill  alleged.  Shocking  as  these  dis- 
closures are,  and  mortifying  as  they  may  be  to  our  national  pride,  it  is  by  far 
the  best  plan  to  have  them  made.  An  evil  like  this  must  not  be  treated  in 
the  shade  ;  it  will  never  be  overcome  till  the  public  know  its  proportions  ;  the 
deadly  mists  which  cling  round  and  poison  the  very  basis  of  society  can  be 
dispersed  only  when  the  healing  light  of  the  sun  falls  on  them.  It  ia  at  any 
rate  encouraging  to  learn  that  the  effect  of  the  Act  has  been  greatly  to  improve 
the  manners  and  habits  of  the  women — ^to  impose  some  restraint  on  them, 
and  to  restore  to  them  something  that,  in  comparison  with  their  former  life, 
may  be  called  decency. 

*  British  Medical  Joumal,  1867. 


CHAPTER    XIX. 

DISINFECTION. 

Thb  term  "  disinfectant,"  which,  has  now  come  into  popular  nse,  has  unfor- 
tunately been  employed  in  several  senses.  By  some  it  is  applied  to  every 
agent  which  can  remove  impurity  from  the  air  ]*  by  others,  to  any  substance 
which,  besides  acting  as  an  air  purifier,  can  also  modify  chemical  action,  or 
restrain  putrefaction  in  any  substance^  the  efEuvia  from  which  may  contamin- 
ate the  air ;  while,  by  a  third  party,  it  is  used  only  to  designate  the  substances 
which  can  prevent  infectious  diseases  from  spreading,  by  destroying  their 
specific  poisons.  This  last  sense  is,  I  conceive,  the  most  correct,  and  it  is 
that  which  is  solely  used  here.  The  mode  in  which  the  poisons  are  destroyed, 
whether  it  be  by  oxidation,  deoxidation,  or  arrest  of  growth,  is  a  matter  of 
indifference,  .provided  the  destruction  of  the  poison  is  accomplished.  The 
general  terra,  "  air  purifier,"  is  given  in  this  work  to  those  agents  which  in 
any  way  cleanse  the  air,  and  which  therefore  include  disinfectants  (see  page 
135  for  the  Air  Purifiers),  and  the  term,  "Sewage  Deodorants,"  to  those 
substances  which  are  used  to  prevent  putrefaction  in  excreta,  or  in  waste 
animal  or  vegetable  matters,  or  to  remove  the  products  of  putrefaction  (see 
page  398  for  the  Sewage  Deodorants). 

The  chief  human  diseases  which  are  supposed  to  spread  by  means  of 
special  agencies  (conveniently  designated  under  the  name  of  "  contagia"),t  are 
the  exanthemata ;  typhus  exanthematicus ;  enteric  (typhoid)  fever ;  relapsing 
fever ;  yellow  fever ;  paroxysmal  and  the  allied  remittent  fevers ;  dengue ; 
cholera ;  bubo-plague ;  influenza  ;]  hooping-cough ;  diphtheria ;  erysipelas ; 
dysentery  (in  some  cases)  ;  puerperal  fever ;  syphilis ;  gonorrhoea ;  glanders ; 
farcy ;  and  mahgnant  pustide.  There  are  some  few  others  more  uncommon 
than  the  above. 

The  term  "  disinfectant "  might  also  be  applied  to  substances  destroying 
entozoa,  or  epiphytes  or  entophytes,  but  there  is  a  disadvantage  in  giving  it 
so  extended  a  meaning. 

It  has  long  been  a  belief  that  the  spread  of  the  infectious  diseases  might 
be  prevented  by  destroying  the  agencies  in  some  way,  and  various  fumiga- 
tions, fires,  and  similar  plsms  have  been  employed  for  centuries  during  great 
epidemics. 

In  order  to  apply  "  disinfection,"  in  the  modem  sense  of  the  term,  we 
ought  to  know — let,  the  nature  of  these  contagious  agencies ;  2(2,  the  media 
through  which  they  spread ;  and  Sd,  the  effect  produced  upon  them  by  the 
chemical  methods  which  are  supposed  to  destroy  or  modify  them. 

1.  The  Nature  offhe  Contagia,l 
This  point  is  at  present  the  object  of  eager  inquiry.     In  the  case  of  one  or 

*  Tardieu,  for  example.  Diet.  d'Hyg.  art  Disinfection,  and  many  other  authors. 

i*  It  will  be  seen  that  tae  old  distinctions  between  infectious  and  contagious  diseases,  and 
between  miasmata  and  contagia,  are  not  adhered  to.  They  were  at  no  time  thoroughly  defi« 
nite,  and  are  now.  I  think,  better  abandoned. 

t  For  a  fuller  description  on  some  of  these  topics  than  can  be  given  here,  I  beg  to  refer  to 
my  Report  on  Hygiene  for  1872  (Army  Medical  Department  Blue  Book,  vol.  xiii). 
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two  of  the  above  diseases,  tlie  question  lias  been  narrowed  to  a  small  comp^^. 
In  yaiioloas  and  vaccine  dischaige,  and  in  glanders,  the  poison  oertauily  exists 
in  the  form  of  solid  particles,  which  can  be  seen  by  high  powers  as  glistening 
X)oint8  of  extreme  minuteness.*  In  cattle  plague  blood  serum  there  are  also 
excessively  small  particles  discovered  by  Beale,  which  are  probably  the 
poison.  The  size  of  the  particles  supposed  to  be  oontagia  is  most  minute ; 
some  of  them  are  not  more  than  ^(^^(^^  of  an  inch,  and  Beale  believes  that 
there  may  be  smaller  still  to  be  discovered  with  higher  powers.  Chauveau 
has  washed  the  vaccine  solid  particles  in  water ;  tl^  water  did  not  become' 
capable  of  giving  the  disease ;  the  washed  particles  retained  their  power. 
The  epidermic  scales  of  scarlet  fever  and  the  pellide  of  the  diphtheric 
membrane  certainly  contain  the  respective  poisons,  and  after  exposure  to  the 
air  for  weeks,  and  consequent  drying,  still  retain  their  potency.  It  is  more 
likely  that  solid  matters  should  thus  remain  unchanged  than  liquids,  but  it 
has  not  yet  been  proved  that  this  is  so,  and  at  present  the  exact  physical  con- 
dition of  the  contagia  of  the  other  infectious  diseases  remains  doubtful 

The  extraordinary  power  of  increase,  and  capability  of  producing  their 
like,  possessed  by  some  of  the  contagia  when  placed  under  special  fostering 
circumstances,  as  in  the  bodies  of  susceptiUe  animals,  lead  to  the  belief  that 
they  are  endowed  with  an  independent  life.  The  old  doctrines  that  they  are 
simply  either  poisonous  gases  or  animal  substances  in  a  state  of  chemical 
change,  and  capable  of  communicating  this  change,  or  that  like  the  so-called 
ferments  (ptyalin,  pancreatin,  diastase,  emulsin),  they  split  up  certainTbodies 
they  meet,  are  not  now  in  favour. 

The  retention  of  the  power  of  contagion  for  some  time,  and  its  final 
loss,  the  destruction  of  the  power  by  antiseptics  which  do  not  affect  the  action 
of  such  bodies  as  ptyalin  or  diastase,  and  the  peculiar  incubative  period  which 
is  most  easily  explained  by  supposing  a  gradual  development  of  the  active 
agent  in  the  body,  are  more  in  accordajice  with  the  hypothesis  of  independent 
life  and  power  of  growth. 

The  independent  living  nature  of  the  contagia  is  a  belief  which  has  long 
been  held  in  various  forms.  At  the  present  time  there  are  three  views,  each 
of  which  has  some  arguments  in  its  favour. 

(1.)  The  particles  are  supposed  to  be  of  animal  origin,  bom  in,  and  only 
growing  in  the  body  ;  they  are,  in  fact,  minute  portions  of  bioplasm  (to  use 
I)r  Beale's  phrase),  or  protoplasm.! 

This  is  the  old  doctrine  of  ^*  fomites  "  expressed  in  a  scientific  form,  and 
supported  by  a  fact  which  was  not  known  untU  lately.  This  is  that  the 
independent  life  ascribed  to  these  particles  of  bioplasm  is  no  assumption,  since 
we  are  now  aware  that  many  of  the  smaU  animal  cells  or  bioplastic  molecules 
are  virtually  independent  organisms,  having  movements,  and  apparently 
searching  for  food,  grooving,  and  dying. 

This  view  explains  singularly  well  the  fact  of  the  frequent  want  of  power 
of  the  contagia  of  one  animal  to  affect  another  family ;  a^,  for  example,  the 
non-transference  of  many  human  diseases  to  brutes,  and  the  reverse.  It  also 
partly  explains  the  non-recurrence  of  the  disease  in  the  same  animal  by 
supposing  an  exhaustion  of  a  special  limited  supply  of  food,  which  cannot  be 

*  The  observations  of  Chauvean,  Beale,  and  Burdon-Sanderson,  and  still  more  recently,  -of 
Braidwood  and  Vacher,  prove  this  very  Important  point  by  what  seems  indisputable  evidence. 
It  does  not  follow  that  all  small  bodies  are  in  such  fluids  the  "  contagia/'  but  the  experiments 
prove  that  some  of  them  must  be.  In  many  kinds  of  blood  there  are  numerous  small  particles, 
derived,  according  to  Riess,  from  Tetrograae  metamoiphoais  of  white  blood  cells,  and  whfoh 
have  no  contagious  property. 

f  This  view  has  been  advocated  with  great  force  by  Beale  (Disease  Germs,  2d  edition);  and 
Morris  (The  Germ  Theory  of  Disease,  2d  edition). 
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restored,  since  it  may  be  supposed  that'  some  particular  bodily  structure  is 
altogether  destroyed,  as,  for  example,  Peyer's  patches  may  be  in  enteric  fever. 
One  objection  to  this  view  is,  on  the  other  huid,  that  living  animal  particles 
die  with  great  rapidity  after  exit  from  the  body,  while  the  contagia  do 
certainly  last  for  some  considerable  time.* 

(2.)  The  particles  have  been  conjectured  to  be  of  fungoid  nature,  and  to 
simply  grow  in  the  body  after  being  introduced  ab  extemo.  This  view  is 
supported  by  the  peculiarities  of  the  rapid  and  enormous  growth  of  fungi,  by 
their  penetrative  powers  and  splitting  up  action  on  both  starchy,  fatty,  and 
albuminoid  substances,  and  by  the  way  in  which  certain  diseases  of  m^n  and 
of  animalst  are  undoubtedly  caused  by  them.  It  is  clearly  a  view  'which 
would  explain  many  phenomena  of  the  contagious  diseases,  and  has  been  sup- 
ported by  the  experimental  evidence  of  HaUier  and  many  others  who  have 
believed  either  that  they  have  invariably  identified  special  fungi  in  some  of 
these  disaases,  or  that  they  have  succeeded  in  cultivating  fungi  from  particles 
of  contagia.  At  the  present  time,  however,  the  evidence  of  true  and  recognis- 
able and  special  fungi  being  thus  discovered  and  grown,  and  forming  the 
efficient  causes,  is  very  much  doubted  by  the  best  observers.  The  micrococci 
of  Hallier,  supposed  to  be  formed  by  the  disintegration  of  the  protoplasm  of 
fungi,  and  which  Hallier  considers  can  again  develop  to  fungi,  are  looked 
upon  by  many  as  mere  detritus.  J 

(3.)  The  particles  of  contagia  are  thought  to  be  of  the  nature  of  the 
"  Schizomycetes,"  t.e.,  of  that  class  of  organisms  which  Nageli  has  separated 
from  the  f imgi,  and  which  form  the  lowest  stratum  at  present  known  to  us  of 
the  animate  world.  They  are  termed  Bacteria,  Zoogloea,  Microzymes,  Vibrios, 
Monads,  &c.  Their  relation  to  the  fungi,  or  to  the  Oscillarineae,  to  which 
they  £ire  perhaps  closer,  is  yet  a  matter  of  warm  debate. 

That  these  creatures  are  concerned  in  many  diseases  is  clear.§  Lister's 
genius  first  brought  their  practical  importance  forward,  and  the  late  researches 
of  Klebs,  Eecklinghausen,  and  others,  have  shown  how  great  a  part  they  play 
in  the  production  of  Septicaemia.  The  carbuncular  disease  of  cattle  and 
sheep  (splenic  apoplexy)  is  also  intimately  connected  with  Bacteria  ;  and  if 
the  observations  of  Coze  and  Feltz  are  correct,  the  same  is  true  of  typhoid 
fever.  Ferdinand  Cohn  has  lately  asserted||  that  even  the  glistening  particles 
of  vaccine  lymph  are  Bacteria.  Bacteria  have  been  proved  to  cause  disease  of 
the  intestinal  mucous  membrane,  the  uterus,  the  kidneys,  and  the  heart,  and 
they  play  some  part  in  hsemorrhagic  smallpox. 

I  ■■■I      ■■■■■■■   — ^^  I      .     I         — ^— ■i^^^-^^^i^^»^        ■  ^^^.—  ■ .  ■  I  I      I  ■«  ■  —^^^^  ^1     ■    ■ 

*  A  modification  of  this  view  under  the  name  of  the  Glandular  Origin  of  Diseane,  ia  advo- 
cated by  Dr  B.  W.  Richardson,  F.R.S.  (Address  to  the  Sanitaiy  Institute  of  Great  Biitam, 
Leamington,  1877,  Nature^  No.  414,  Oct.  4.  1877,  p.  480).  Admitting  that  the  disease  poiaoE 
generally  comes  from  without,  he  looks  upon  its  action  as  catalytic,  causing  an  altered  glandular 
secretion  or  a  change  in  the  blood,  the  changed  secretion  reacting  on  the  nervous  centre  sup- 
plying the  gland  or  glands.  He  also  conceives  that  during  epidemic  periods  a  strong  nervous 
impression  may  have  the  same  effect  as  the  direct  introduction  of  poison  firom  without,  so  that 
the  disease  may  occasionally  arise  spontaneously.  He  looks  upon  many  diseases  as  hereditanr, 
in  the  sense  that  the  condition  of  the  child  resembles  that  of  tne  parent,  and  wiU  therelbrs  be 
open  to  similar  influences. 

•f*  Not  only  some  skin  and  hair  diseases  of  men  and  animals,  and  diseases  of  insects  and 
fishes  are  caused  by  the  growth  of  fungi  which  fall  on  the  surface  of  the  body,  or  are  drawn 
into  the  mouth,  but  internal  diteases  are  caused  by  the  growth  of  undoubted  fungi,  as 
Aspergillus. 

X  The  supposed  fungus,  which  Klein  (Reports  of  the  Medical  Officer  of  the  Privy  Councfl, 
new  series,  rio.  vi.  1875]  thought  he  had  discovered  in  the  patches  of  tvphoid  ulceration,  was 
shown  by  Creighton  to  oe  merely  an  altered  condition  of  nbrine  simulating  an  independent 
organism  (see  Proceedings  of  the  Roval  Society,  June  15, 1876). 

t$  For  a  short  summary  of  this  subject,  see  my  Report  on  Hygiene  for  1872,  in  the  Army 
Med.  Depart.  Blue  Book,  vol.  xiii. 

Ij  Virchow's  Archiv.  band  iv.  p.  229  (1872). 
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Yet  it  is  certain  that  in  some  of  the  epidemic  diseases  there  are  no  Bacteria. 
In  cholera,  Lewis  and  Cunningham'have  failed,  in  spite  of  the  most  persever- 
ing search,  to  find  Bacteria  (or  fungi)  in  the  discharges  or  blood  of  cholera. 

The  reasons  for  attributing  in  many  cases  great  influence  to  the  Bacteria, 
which  are  undoubtedly  present,  are  obvious  enough. 

They  are  so  widely  spread  in  nature  (in  air,  it  is  believed,  and  in  water)  ; 
their  powers  of  growth,  by  division,  are  so  wonderful ;  their  food  (ammonia, 
phosphates,  and  perhaps  starches  or  sugars)  is  so  plentiful,  and  their  tenacity 
of  life  so  great,  that  it  is  no  wonder  great  consequence  is  now  attached  to  them. 
Yet  it  is  their  very  universality  which  is  the  strongest  argument  against  the 
view  that  they  constitute  the  contagia  of  any  of  the  specific  diseases,  and  any 
one  who  considers  the  peculiar  spread  of  the  contagious  diseases  will  admit  the 
force  of  this  objection.  To  meet  this  objection,  it  has  been  surmised  that  they 
are  not  the  contagia,  but  merely  their  carriers.  This  view  haa  not  been 
defined, ;  but  as  the  plasma  of  Bacteria  is  albuminoid,  it  may  perhaps  be  taken 
to  mean  that  while  the  Bacteria  are  usually  harmless,  their  plasma  may 
become,  in  certain  cases,  altered  in  composition,  and  then  becomes  poisonous 
in  different  specific  ways.  Bacteria  feeding  in  the  blood  of  a  typhus  patient 
will  become  nourished  with  morbid  plasma,  and  thus,  so  to  speak,  it  is  diseased 
Bacteria  which  become  dangerous.  We  get  here  beyond  the  range  of  present 
observation,  and  are  conscious  how  impossible  it  is  with  our  present  instru- 
ments to  investigate  such  an  hypothesis.^ 

The  belief  wluch  some  entertain  that  the  Schizomycetes  are  the  efficient 
agents  of  the  contagious  diseases  has  led  to  a  number  of  experiments  on  the 
destruction  of  Bacteria  by  heat  and  by  chemical  agents,  in  the  belief  that  the 
doctrine  of  disinfection  was  thereby  elucidated.  This  could  hardly  be  the 
case,  unless  we  are  certain  that  the  Bacteridia  are  the  contagia,  which  is  not 
the  case  in  some  of  those  diseases,  and  not  proved  to  be  so  in  any.  Disinfec- 
tion must  rest  at  present  on  its  own  experimental  evidence. 

The  belief  in  the  part  played  by  Bacteridia  has  led  also  to  much  interest 
being  taken  in  the  discussion  on  ferments,  and  in  the  question  of  spontaneous 
generation,  as  it  is  imagined  that  a  due  might  thus  be  found  to  the  origin,  de 
novo,  of  the  contagia.  Mr  Darwin's  doctrine  of  Pangenesis  has  even  been 
pressed  into  the  discussion,  though  it  rather  makes  the  darkness  greater  than 
before.  It  is  curious  to  find  so  practical  a  matter  as  that  of  disinfection 
brought  into  relation  with  some  of  the  most  subtle  and  controverted  questions 
of  the  day;  but  the  important  bearing  which  the  acceptance  of  one  or  other  of 
these  views  would  have  on  the  practice  of  disinfection  is  evident. 

If  the  "  contagia  "  are  simply  excessively  minute  portions  of  bioplastic 
particles,  in  Beale's  sense,  we  may  be  sure  they  will  be  easily  killed  ;  a  heat 
far  below  that  of  boiling  water,  and  very  weak  chemical  agents,  destroy  aU 
signs  of  vitaKty  in  animal  cells  and  molecules.  We  might,  therefore,  hope 
much  from  disinfection.  Fungi  in  water  are  destroyed  by  a  comparatively 
low  heat ;  while  in  dry  air  Penicillium  glaucum  is  not  completely  destroyed, 
according  to  Pasteur,  till  127°  C.  ( =  270°  Fahr.),  and  XHdium  aurantiacum 
dies  at  about  the  same  temperature.  On  the  contrary,  the  Bacteroid  bodies 
are  often  extremely  stable.  Lex  found  a  temperature  of  127°  C.  or  262°-6 
Fahr.  insufficient  to  kill  them,  and  after  boiling  them  for  half  an  hour  they 
still  showed  vital  movements  ;  and  in  Calvert's  experiments  a  heat  of  no  lef  s 
than  400°  Fahr.  (  =  204°  C.)  was  required  to  thoroughly  destroy  them,  and 


*  For  farther  information  tee  the  Address  in  Medicine  by  W.  Roberts,  M.D.,  F.R.S.,  deli- 
Tered  at  the  Manchester  meeting  of  the  British  Medical  Association,  1877,  (Biit.  Med.  Journal, 
No.  867,  Aug.  11,  1377,  p.  168).  Also  Professor  TyndaU's  papers  in  the  Royal  Society's  Pro- 
ceedings and  Transactions  (see  Transactions^of  the  Koyal  Society,  1876,  part  i.  p.  27}. ; 
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some  kinds  seem  unaffected  even  by  strong  adds  and  caustic  alkalies.* 
Sanderson  found  that  Bacteria  in  water  are  not  developed  in  fluids  heated  to 
366"*  Fahr.  or  even  boiled.  Disinfection^  if  Bacteridia  are  to  be  destroyed, 
would  be  then  a  matter  of  much  greater  difficulty.  Important  in  all  ways, 
this  question  of  the  nature  of  contagia  is  especially  so  in  a  practical  sense,  viz., 
that  of  the  easy  or  difficult  destruction  of  these  agents. 

2.  The  Media  in  which  the  Contagia  are  spread. 

Our  knowledge  of  this  point  is  far  more  defined,  and  may  be  thus 
summarised : — 

The  special  and  distinctive  phenomena  of  each  disease  are  usually  attended 
with  special  implication  of  some  part  of  the  body,  and  it  is  especially  theee 
parts  which  contain  the  contagia.  In  these  parts  there  is  frequently  rapid 
growth,  and  if  the  parts  are  on  the  surface,  frequent  detachment.  The  pus 
and  epidermis  of  smallpox ;  the  epidermis  and  the  mouth  and  throat  epithelium 
of  scarlet  fever  ;  the  skin  and  bronchial  secretions  of  measles  ;  the  stools  con- 
taining the  discharged  detritus  of  Peyer's  glands  in  typhoid  fever  ;  the  dis- 
charges of  cholera  ;  the  discharges  and  eruptions  of  syphilis,  glanders,  farcy, 
and  malignant  pustule,  are  instances  of  this.  In  typhus  fever  l^e  skin  is  greatly 
affected,  and  it  is  generally  supposed  that  it  is  from  the  skin  that  the  virus 
spreads,  since  this  disorder  is  so  easily  carried  by  clothes ;  the  same  is  the  case 
with  plague.  In  fact,  those  parts  of  the  body  which  are  the  breeding-places 
of  the  contagious  particles  give  off  the  poison  in  greatest  amount.  The  por- 
tions of  the  body  thus  thrown  off,  and  containing  the  contagia,  may  then  pass 
into  air,  or  find  their  way  into  water  or  food,  and  in  this  way  be  introduced 
by  breathing,  drinking,  or  eating,  or  through  broken  sur&oes  of  the  body. 

The  principles  of  disinfection  ought  evidently  then  to  deal  with  the  poisons, 
at  their  seats  of  origin,  as  far  as  these  are  accessible  to  us.  It  was  the  instinct 
of  genius  which  led  Dr  William  Budd  to  point  out  that  the  way  to  prevent 
the  spread  of  scarlet  fever  is  to  attack  the  skin  from  the  very  first  \  to  destroy 
the  poison  in  the  epidermis,  or  failing  that,  to  prevent  the  breaking  up  and 
passage  into  the  air  of  the  particles  of  the  detached  epidermic  scales.  Oily 
disinfectant  inunctions  of  the  skin,  and  the  most  complete  disinfection  of  the 
clothing  which  touches  the  skin  of  the  patient,  are  the  two  chief  moans  of 
arresting  the  spread  of  scarlet  fever.  The  rules  for  smallpox  are  almost 
identical,  though  it  is  more  difficult  to  carry  them  out ;  and  they  have  to  be 
supplemented  by  aerial  disinfection.  In  enteric  fever  the  immediate  destruc- 
tion of  all  particles  of  poison  in  the  stools  by  very  strong  chemical  reagents, 
and  the  prevention  of  the  poison  getting  into  sewers  or  drinking  water  or  food, 
are  the  measures  obviously  demanded  by  the  peculiarities  of  this  spedal 
disease. 

The  more  completely  these  points  are  investigated,  and  the  more  perfectly 

*  Bastian  has,  however,  Rtated  (Proceedings  of  Royal  Society,  No.  148,  p.  224,  March  1873) 
that  bacteria  and  vibrios  are  killed  at  a  much  lower  temperature  :  his  experiments  show  that 
a  brief  exposure  to  a  temperature  of  70°  C.  (—  158"  Fahr.^  either  killed  the  germs  of  bacteria, 
or  completely  deprived  them  of  their  powers  of  multiplication.  The  diflference  of  the  state- 
ments on  such  a  point  as  this  is  remarkable.  Tyndall  (Proc.  Boy.  Soc.  No.  178,  p.  569)  has 
since  pointed  out  what  appears  to  be,  at  least,  a  partial  explanation  of  the  above  discrepandet. 
He  shows,  that  whilst  prolonged  boiling  failed  to  sterilize  an  infusion,  successive  heatings  fer 
a  short  time,  even  below  the  boiling-point,  were  successful.  The  explanation  proposed  is,  that 
during  the  period  of  latency  the  spores  are  in  a  hard  state  capable  of  resisting  high  temperature, 
but  that  just  before  the  period  of  active  germination,  they  become  softened,  and  therefore, 
amenable  to  the  influence  of  heat.  As,  however,  spores  in  various  stages  may  exist  in  the  same 
fluid,  successive  heatings  are  necessary  so  as  to  arrest  each  group  at  the  proper  time ;  but  by 
repeating  the  heatings  Aut&oiently  often  an  infttBian  may  be  sterilised  at  a  point  below  the 
boiling  point  of  watei; 
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tlie  breeding  places  in  the  body  are  known^  the  more  precise  will  be  our  means 
of  disinfection. 

To  restrict  the  term  disinfectant  to  chemical  agents  in  the  air  seems  far  too 
narrow  a  view,  and  has  tbe  disculvantage  of  leading  to  attempts  at  destroying  the 
poisons  in  what  is  the  most  uncertain  and  difficult  method.* 

3.  T?ie  ^ect  'produced  on  the  CorUagia  by  Chemical  Agents,  or  h^  or  cold, 

in  different  Diseases,^ 

Our  knowledge  of  this  point  is  very  imperfect,  as  it  is  necessarily  derived 
simply  from  seeing  if  the  spread  of  any  contagious  disease  seems  arrested  by 
the  disinfecting  measures  we  employ.  The  experiment  is  a  coarse  one,  and  is 
conducted  under  all  possible  difficulties. 

Disinfection  in  varurus  Diseases. 

Exanthemata,  Scarlet  Fever,  and  Rbthdn. — ^The  points  to  attack  are  the 
skin  and  the  throat.  The  skin  should  be  rubbed  from  the  very  commence- 
ment of  the  rash  until  completed  desquamation  with  camphorated  oil,  or  oil 
with  a  little  weak  carboHc  acid.  The  throat  should  be  washed  with  Condy's 
fluid,  or  weak  solution  of  sulphurous  acid.  Clothes  to  be  baked,  or  to  be 
placed  at  once  in  boiling  water,  to  every  gallon  of  which  2  ounces  of  commer- 
cial chloride  of  hme,  or  1  ounce  of  sulphate  of  zinc,  or  ^  fluid  ounce  of  chloride 
of  zinc,  is  added.     The  clothes  should  not  be  washed  at  a  common  laundry. 

Chlorine  or  euchlorine  should  be  diflused  in  the  air,  the  saucer  being  put 
some  little  distance  above  the  head  of  the  patient.  Carbolic  acid  and  ether  or 
carbolic  acid  spray  may  be  used  instead. 

In  this,  as  in  all  cases,  there  can  be  no  use  in  using  aerial  disinfectants, 
unless  they  are  constantly  in  the  air,  so  as  to  act  on  any  particle  of  poison 
which  may  pass  into  the  atmosphere. 

Smallpox,-^ThB  skin  and  the  discharges  from  the  mouth,  nose,  and  eyes 

*  So  also  to  reetrict  the  term  "  disinfectant "  to  an  oxidising  agent  cannot  be  right.  A  disin- 
fectant  is  simply  a  destructive  agent,  and  the  destruction  may  doubtless  be  produced  in  dif- 
ferent  ways. 

f  With  regard  to  the  effect  of  chemical  reagents  on  low  forms  of  vegetable  and  animal  life, 
the  works  of  Sansom  (The  Antiseptic  System,  by  A.  E.  Sansom,  M.D.  1871) ;  of  Dr  Dougall 
(On  thfe  Relative  Power  of  various  Substances  in  Preventing  the  Germination  of  Animalcule, 
by  John  Dougall,  1871);  and  the  Papers  of  Calvert  (Proceedings  Royal  Society,  vol.  xx.  p. 
185),  it  need  only  be  mentioned  here  tnat,  according  to  DougaU  {op.  cU.  table,  p.  6),  the  most 
powerful  agents  in  destroying  ''animalcule''  are  the  following  substances :— Sulphate  of 
copper^  chloride  of  aluminium,  chromic  acid,  and,  bichromate  of  potassium,  bichloride  of 
Toercury,  benzoic  acid,  bromal  hydrate,  chloral  hydrate,  hydrocyanic  acid,  alum,  hydrochlorate 
of  strychnia,  ferrous  sulphate,  arsenious  acid,  picric  acid,  and  others  which  are  less  etficacions. 

Picot  <C!omptes  Rendus,  Dec.  1872)  has  lately  stated  that  silicate  of  soda,  even  in  ver\'  small 
quantity,  arrests  putrid  fermentation  and  retards  other  fermentations,  and  is  very  useful  in 
tne  treatment  of  blennorrhagic  urethral  discharge  in  women.  It  also  opposes  the  transfor- 
mation of  glucose  and  of  the  glyoogenous  matters  of  the  liver.  If  silicate  of  soda  has  such  an 
effect,  may  not  some  of  the  other  silicates  be  also  active  in  this  way,  and  may  not  the  anti- 
putrescent  power  of  some  soils  be  thus  produced  ?  Lex  found  the  movements  of  Bacteria  to 
oe  best  arrested  by  chloroform,  carbolic  acid,  prussio  acid,  and  strong  solutions  of  quinine, 
in  the  order  named.  Dr  O'Nial  (Surgeon-Major)  has  made  many  experiments  on  the  time  of 
appearance  of  Bacteria  in  extract  of  meat  and  other  menstrun.f  He  found,  like  Dou^^,  the 
bichromate  of  potash  to  be  the  most  powerful  agent  in  preventing  the  appearance  of  Bacteria, 
and  after  it,  but  far  below,  is  carbolic  acid,  yet  neither  were  quite  efficacious.  The  bisulphite 
of  sodium  was  found  to  be  of  no  value,  and  permanganate  of  potassium,  though  a  good  deodo- 
rant, had  scarcely  any  restraining  effect  on  the  formation  of  Bacteria.  Commeroial  chlor-alum 
-was  of  little  use,  but  a  strong  solution  of  chloride  of  aluminium  was  fairly  effectual.    The 

Saper  must  be  consulted  for  many  details,  but  It  shows  clearly  how  little  Bacteria  can  be  in- 
nenced  by  our  present  modes  of  using  these  ''chemical  disinfectants."  See  also  Baxter's 
Paper  in  the  Reports  of  the  Medical  Officer  of  the  Privy  CiouncU  and  Local  (Government  Board, 
new  series,  No.  vi.  p.  216. 

t  Army  Hedical  Department  Report  for  1871,  vol.  xUI.  (1878). 
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are  to  be  attacked.  There  is  much  greater  diffictilty  with  the  skin,  aa  inimction 
cannot  be  so  well  performed.  But  smearing  with  oil  and  a  little  carbolic  add 
glycerine,  or  in  difficult  cases  applying  carbolised  glycerine  to  the  papules  and 
commencing  pustules,  might  be  tried.  The  permanganate  and  sulphurous 
acid  solutions  should  be  used  for  the  mouth,  nose,  and  eyes.  The  clothing 
should  always  be  baked  before  washing,  if  it  can  be  done.  The  particles 
which  pass  into  the  air  are  enclosed  in  small  dried  pieces  of  pus  and  epithelial 
scales ;  and  Bakewell,  who  has  lately  examined  them,  expresses  great  doubt 
whether  any  air-purifier  would  touch  them.  Still  it  must  be  proper  to  use 
euchlorine  or  carbolic  acid.  Iodine  has  been  recommended  by  Kichardson 
and  Hofmann. 

Meadee, — Oily  applications  to  the  skin  and  air-purifiers,  and  chloride  of  zinc 
or  of  aluminium  in  the  vessels  receiving  the  expectoration,  appear  to  be  the 
proper  measures. 

TyphtLs  {exanthemaJticus), — Two  measures  seem  sufficient  to  prevent  the 
spread  of  typhus — viz.,  most  complete  ventilation  and  immediate  disinfection 
and  cleansing  of  clothes.  But  there  is  also  more  evidence  of  use  from  air- 
purifiers  than  in  the  exanthemata.  The  nitrous  acid  fumes  were  tried  very 
largely  towards  the  close  of  the  last  century  and  the  beginning  of  this,  in  the 
hulks  and  prisons  where  Spanish,  French,  and  Eussian  prisoners  of  war  were 
confined.^  At  that  time,  so  rapidly  did  the  disease  spread  in  the  confined 
spaces,  where  so  many  men  were  kept,  that  the  efficacy  even  of  ventilation 
was  doubted,  though  there  can  be  no  question  that  the  amount  of  ventilation 
which  was  necessary  was  very  much  underrated.  Both  at  Winchester  and 
Sheerness  the  circumstances  were  most  difficult ;  at  the  latter  place  (in  1785), 
in  the  hulk,  200  men,  150  of  whom  had  typhus,  were  closely  crowded 
together ;  10  attendants  and  24  men  of  the  crew  were  attacked  ;  3  medical 
officers  had  died  when  the  experiments  commenced.  After  the  fumigationa, 
one  attendant  only  was  attacked,  and  it  appeared  as  if  the  disease  in  those 
already  suffering  became  milder.  In  1797  it  was  again  tried  with  success, 
and  many  reports  were  made  on  the  subject  by  army  and  naval  surgeons.  It 
was  subsequently  largely  employed  on  the  Continent,t  and  everywhere  seems 
to  have  been  useful. 

These  facts  lead  to  the  inference  that  the  evolution  of  nitrous  acid  should 
be  practised  in  typhus  fever  wards,  proper  precautions  being  taken  to  diffuse 
it  equally  through  the  room,  and  in  a  highly  dilute  form. 

Hydrochloric  acid  was  employed  for  the  same  pui-pose  by  Guyton-de- 
Morveau,  in  1773,  but  it  is  doubtless  much  inferior  to  nitrous  acid.  Chlorine 
has  been  also  employed,  and  apparently  with  good  results.  | 

In  typhus  it  would  seem  probable  that  the  contagia  pass  off  constantly  by 
the  skm ;  at  least,  the  effect  of  ventilation,  and  the  way  in  which  the  agent 
adheres  to  body-Hnen,  seem  to  show  this.  The  agent  is  not  also  enclosed  in 
quantities  of  dried  discharges  and  epidermis,  as  in  the  exanthemata,  and^  is 
therefore  less  persistent,  and  more  easily  destroyed,  than  in  those  casea 
Hence  possibly  the  greater  benefit  of  fumigations,  and  the  reason  of  the  arrest 
by  ventilation.  The  clothes  should  be  baked,  steeped,  and  washed,  as  in  the 
exanthemata. 

Bubo  Plague. — The  measures  would  probably  be  the  same  as  for  typhus. 

Enteric  {typhoid  fever). — ^The  bowels-discharges  are  believed  to  be  the 

*  It  was  used  at  Winchester  in  1780  by  Cannichftel  Smith,  and  again  at  Sheernera  in  1786. 
Smith  published  several  accounts.  An  account  of  the  experiment  made  at  the  desire  of  the 
Lords  Commissioners  of  the  Admiralty,  by  J.  C.  Smith,  17v6. 

t  Chevallier,  Traits  des  Disinfectants,  pp.  89,  40. 

X  Ibid.  pp.  14,  16. 
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chief,  if  not  tlie  sole,  agents  in  spreading  the  disease ;  the  effluvia  from  them 
escape  into  the  air,  and  will  adhere  to  walls,  and  retain  power  for  some  time, 
or  the  discharges  themselves  may  get  into  drinking  water.  Every  discharge 
should  be  at  once  mixed  with  a  powerful  chemical  agent ;  of  those,  chloride 
and  sulphate  of  zinc  have  been  chiefly  used,  but  sulphate  of  copper  (which 
Dougall  found  so  useful  in  stopping  the  growth  of  animalculae),  chloride  of 
aluminium,*  or  strong  solution  of  ferrous  sulphate  (1  ounce  to  a  pint  of 
water),  or  carbolic  acidf  After  complete  mixing,  the  stools  must  be  thrown 
into  sewers  in  towns  ;  but  this  should  never  be  done  without  previous  com- 
plete disinfection.  In  country  places  they  should  be  deeply  buried  at  a  place 
far  removed  from  any  water  supply  ;  they  should  never  be  thrown  on  manure 
heaps  or  into  middens,  nor  into  earth  closets,  if  it  can  possibly  be  avoided. 
As  the  bedclothes  and  beds  are  so  constantly  soiled  with  the  discharges,  they 
should  be  baked,  or  if  this  cannot  be  done,  boiled  immediately  after  removal 
with  sulphate  or  chloride  of  zinc  It  would  be  less  necessary  to  employ  air- 
purifiers  in  this  case  than  in  others. 

Cholera, — There  can  be  little  doubt  that  the  discharges  are  here  also  the 
active  media  of  conveyance  of  the  disease,  and  their  complete  disinfection  is 
a  matter  of  the  highest  importance.  It  is,  however,  so  difficult  to  do  this 
with  the  immense  discharges  of  cholera,  especially  when  there  are  many 
patients,  that  the  evidence  of  the  use  of  the  plan  in  the  last  European 
epidemic  is  very  disappointing. 

The  ferrous  sulphate  (green  vitriol),  which  has  been  strongly  recommended 
by  Pettenkofer  as  an  addition  to  the  cholera  evacuations,  was  fully  tried  in 
1866  at  Frankfurt,  Halle,  Leipzig,  in  Germany,  and  at  Pill,  near  Bristol,  {  and 
in  those  cases  without  any  good  result  In  other  places,  as  at  Baden,  the 
benefit  was  doubtful  It  seemed  to  answer  better  with  Dr  Budd  and  Mr 
Davies  at  Bristol,  but  other  substances  were  also  used,  viz.,  chlorine  gas  in 
the  rooms,  and  chloride  of  lime  and  Condy's  fluid  for  the  linen.  On  the 
whole,  it  seems  to  have  been  a  failure.§  Ferric  sulphate,  with  or  without 
potassium  permanganate,  has  been  recommended  by  Kiihne  instead  of  ferrous 
sulphate,  but  I  am  not  aware  of  any  evidence  on  the  point  Carbolic  acid 
was  largely  used  in  England  in  1866,  and  appeared  in  some  cases  to  be  of 
use,  as  at  Pill,  near  Bristol,  and  perhaps  in  Southampton.  It  failed  at  Erfurt, 
but  as  it  is  believed  the  weUs  were  contaminated  by  soakage||  this  is  perhaps 
no  certain  case.  Chloride  of  Hme  and  lime  were  used  at  Stettin  without  any 
good  result,  and  on  the  whole,  it  may  be  said  that  the  so-called  disinfection 
of  the  discharges  of  cholera  does  not  seem  to  have  been  attended  with  very 
marked  results.  At  the  same  time,  it  cannot  be  for  a  moment  contended  that 
the  plan  has  had  a  fair  trial,  and  we  can  easily  believe  that  unless  there  is  a 
fuU  understanding  on  the  part  of  both  medical  men  and  the  public,  of  what 
is  to  be  accomplished  by  this  system,  and  a  conscientious  carrying  out  of  the 
plan  to  its  minutest  details,  no  safe  opinions  of  its  efficacy  or  otherwise  can 
be  arrived  at  It  would  be  desirable  to  try  the  eflect  of  chromic  acid  or 
bichromate  of  potassium. 

With  regard  to  air-purifiers,  little  evidence  exists.     Chlorine  gas,  diflused 

*  In  speakinff  of  chloride  of  aluminium,  I  refer  always  to  the  strong  solution,  and  not  to  the 
commercial  "  cnlor-alum,"  which,  though  useful  in  various  ways,  is  yet  a  weak  solution. 

t  Or  a  mixture  of  two  or  more  (BuddT.  Be  lavish  (says  Budd)  in  the  use  of  chemicalB  rather 
than  run  the  terrible  risk  of  failing  by  aefault. 

t  Tibbets,  Medical  Times  and  Gazette,  October  1867. 

§  In  mv  experiments  on  sewage  putrefaction  (Army  Med.  Reports,  vol.  viii.  p.  818),  fermun 
sulphate  had  verv  little  action  in  preventing  putrefaction,  and  the  Committee  of  the  Berlin 
Medical  Society  declined  to  recommend  it  for  cholera,  as  they  found  it  did  not  prevent  fermen* 
tative  action 

I!  Ninth  Riport  of  the  Medical  Officer  to  the  Privy  Council. 
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in  the  air,  was  tried  very  largely  in  Austria  and  Hungary  in  1832,  bat  with- 
out any  good  resulte.  Xitrons  acid  gas  was  used  at  Malta  in  1865,  but 
ap[iarently  did  not  have  any  decided  influences^  although  Eamon  da  Lona 
has  asserted  that  it  has  a  decided  preservative  effect,  and  that  no  one  was 
attacked  in  Madrid  who  used  fumigations  of  nitrous  acid.  But  negative 
evidence  of  this  kind  Lb  always  doubtful  Charcoal  in  bulk  appears  to  bave 
no  effect ;  Dr  Sutheriand  saw  a  ship's  crew  severely  attacked,  although  the 
ship  was  loaded  with  charcoal 

Carbolic  acid  vapour  diffused  in  the  atmosphere  was  largely  used  in  1866 
in  England ;  the  liquid  was  sprinkled  about  the  water,  and  sawdust 
moistened  with  it  was  laid  on  the  floors  and  under  the  patients.  The  effect 
in  preventing  the  spread  of  the  disease  was  very  uncertain. 

Ydlow  Fever. — In  this  case  the  discharges,  especially  from  the  stomach, 
probably  spread  the  disease,  and  disinfectants  must  be  mixed  with  them. 

Fumigations  of  nitrous  acid  were  employed  by  Bamon  da  Luna,*  and  it  is 
asserted  that  no  agent  was  so  effectual  in  arresting  the  spread  of  the  disease. 

Dysentery, — It  is  well  known  that  dysentery,  and  especially  the  putrid 
dysentery,  may  spread  through  an  hospitsd  from  the  practice  of  the  same  close 
stool  or  latrines  being  used.  As  long  ago  as  1807  fumigations  of  chlorine 
were  used  by  Mojon,t  to  destroy  the  emanations  from  the  stools,  and  with 
the  best  effects.  The  chlorine  was  diffused  in  the  air,  and  the  stools  were  not 
disinfected  ;  but  this  ought  to  be  done,  as  in  enteric  fever,  and  especially  in 
the  sloughing  form.  It  is  probable  that  carbolic  acid  in  large  quantity  would 
be  efficacious. 

With  respect  to  Erysipelas^  Diphtheria^  Syphilis^  Gonorrhcsa^  Glanders, 
and  Farcy,  local  applications  are  evidently  required,  and  carbolic  acid,  in 
various  degrees  of  strength,  and  the  metallic  salts,  are  evidently  the  best 
measures,  i 

Cattle  Plagiie. — ^The  experiments  made  by  Mr  Crookes  on  the  disinfectant 
treatment  of  cattle  plague  with  carbolic  acid  vapour  have  an  important  bearing 
on  human  disease.  Although  the  observations  fall  short  of  demonstration, 
there  are  grounds  for  thinking  that  when  the  air  was  kept  constantly  fiUed 
with  carbolic  acid  vapour,  the  disease  did  not  spread.  So  also  euchlorine  was 
employed  in  Lancashire  by  Professor  Stone  of  Manchester,  and  with  apparent 
benefit.  Dr  Moffat  employed  ozone  (developed  from  phosphorus  exposed  to 
the  air),  and  he  believes  with  benefii§  As  such  experiments  are  very  much 
more  easily  carried  out  on  the  diseases  of  animals  than  on  those  of  men,  it  is 
much  to  be  wished  that  the  precise  effect  of  the  so-called  disinfectants  should 
bo  tested  by  continuing  the  experiments  commenced  by  Mr  Crookes,  not  only 
in  cattle  plague  in  the  countries  where  it  prevails,  but  in  epizootic  diseases 
gunerally. 

•  Ann.  d'Hygiftne,  April  1861. 

t  His  words,  as  quoted  by  Chevallier,  are  interesting  : — "  The  dysenteiy  became  contagions 
in  the  Hospital  at  Genoa ;  almost  all  the  sick  in  my  division,  nearly  200,  were  attacked  ;  and, 
us  we  know  that  this  disease,  when  contagious,  is  communicated  orainarily  from  one  person  to 
another  bv  the  abuse  which  exists  in  all  hospitals  of  making  the  same  latrines  serve  for  all 
the  Kick  of  a  ward  I  wislied  to  see  if  fumigations  of  chlorine  had  the  power  of  destroying  these 
contagions  exhalations.  I  therefore  caused  fumigations  to  be  used  twice  daily  in  the  latrines, 
and,  in  a  few  days,  I  was  able  to  destroy  that  terrible  scoui^e,  which  already  had  made  some 
victims. " 

i  Davaine  finds  iodine  most  powerful  in  destroying  the  infection  of  malignant  pustule,  Tfirsth 
part  being  effectaal.  It  may  be  injected  into  the  skin  without  injury.  (Comptes  Kendus, 
Sept.  aud  Oct.  1878).  See  also  Report  on  Hygiene,  Army  Med.  Reports,  vol.  xiv.  in  which 
its  use  in  snake  bite  is  suggested. 

iJ^  Meteorology  in  i-eterenoe  to  Epidemic  and  Sporadic  Cholera,  by  F.  Moffat,  M.D., 
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It  may  be  said  in  conclusion^  that  although  positive  evidence  is  so  deficient, 
yet  taking  into  consideration  the  decidedly  great  and  known  effect  of  many 
so-called  disinfectants  and  air-purifiers  on  organic  matters,  and  the  fact  that 
the  infectious  organic  agencies  are  certainly  easily  destroyed  in  most  cases 
(since  free  ventilation  renders  many  of  them  inert,  and  few  of  them  retain 
their  power  very  long),  it  is  highly  probable  that  the  specific  poisons  of  the  so- 
called  zymotic  diseases  are  destroyed  by  some  of  these  chemical  methods,  and, 
at  any  rate,  the  careful  and  constant  use  of  chemical  agents  f6r  the  destruction 
of  the  specific  poisons  in  the  excreta  and  discharges  from  the  body,  and  when 
they  pass  into  the  air,  is  not  only  warranted,  but  should  be  considered 
imperative. 

Purification  of  Rooms  after  Infectious  Diseases* — In  addition  to  thorough 
cleansing  of  all  wood-work  with  soft  soap  and  water,  to  which  a  little  carbolic 
acid  has  been  added  (1  pint  of  the  common  liquid  to  3  or  4  gallons  of  water), 
and  to  removal  and  washing  of  all  fabrics  which  can  be  removed,  and  brush- 
ing of  the  walls^  the  room  should  be  fumigated  for  three  hours  with  either 
the  fumes  of  sulphurous  or  nitrous  acids.  Both  of  these  are  believed  to  be 
superior  to  chlorine,  especially  in  smallpox.  All  doors  and  windows  and  the 
chimney  being  closed,  and  curtains  taken  down,  sulphur  is  put  in  a  metallic 
dish,  a  little  ^cohol  is  poured  on  it,  and  it  is  lighted.  The  proportions  should 
be  1  ft»  of  sulphur  for  every  1000  cubic  feet  of  space  ;*  and  in  a  long  room, 
it  is  best  to  have  the  sulphur  in  two  or  more  places,  f  After  three  hours  the 
doors  and  windows  should  be  opened,  and  kept  open  for  twenty-four  or 
thirty-six  hours. 

In  white-washed  rooms  the  waUs  should  be  scraped,  and  then  washed  with 
hot  lime  to  which  carbolic  acid  is  added. 

Mortuaries  and  dead-houses  are  best  purified  with  nitrous  acid  (see  p. 
137). 

Purification  of  Clothes  and  Bedding. — The  best  plan  of  doing  this  is 
certainly  by  the  agency  of  heat  Dr  Henry  of  Manchester,  after  showing  that 
vaccine  matter  lost  its  power  if  heated  to  140"  Fahr.  for  three  hours,  proposed 
to  disinfect  clothing  by  dry  heat  He  disinfected  scarlet  fever  clothing  by 
exposure  to  212'  Fahr.  for  one  hour  ;  woollen  clothing  from  plague  patients, 
after  being  heated  twenty-four  hours  from  144*  to  167*  Fahr.,  was  worn  with 
impunity  by  56  healthy  persons  for  fourteen  days.  Heat  has  been  largely 
used  to  disinfect  clothing  by  the  Americans  in  their  civil  war,  both  in  the 
form  of  dry  heat  and  boiling  water.  It  is  believed  that  the  cessation  of  the 
plague  in  Egypt,  after  St  John's  day,  is  due  to  the  increased  heat  of  the  air  ; 
but  possibly  the  hygrometric  condition  of  the  air  may  have  more  to  do  with 


*  Letbeby  gives  a  mucb  larger  proportion,  viz.,  ^  otmoe  for  every  ten  cubic  feet  Even  this 
is  not  an  excessive  amount.  The  quantity  given  in  the  text  yields  little  more  than  one  per 
cent,  to  the  quantity  of  air.  Thus  :— lib  of  sulphur  produces  11*7  cubic  feet  of  sulphurous 
acid  gas,  and  this  diluted  with  1000  cubic  feet  of  air  gives  only  1'17  per  cent  Half  an  ounce 
of  sulphur  yields  0*366  of  a  cubic  foot  of  the  gas,  and  this  for  10  cubic  feet  of  air  gives  3-66 
per  cent.  Baxter  found  that  0'194  to  1  per  cent,  destroyed  the  reproductive  power  of  septic 
microzymes  in  an  albuminous  or  aqueous  medium,  but  with  0*58  per  cent,  the  poison  of  infec- 
tive inflammation  was  still  active.  Vaccine  was  destroyed  after  10  minutes  exposure  to  an 
atmosphere  saturcUed  with  SO^,  whilst  chlorine,  or  carbolic  add,  to<i)s  30  minutes  exposure. 
He  concludes  that  for  aerial  disinfection  SO^  is  the  most  convenient,  but  that  the  air  should  be 
saturated  with  it. 

t  A  lamp  has  been  proposed  by  Messrs  Price  &  Co. .  in  which  bisulphide  of  carbon  is  burned. 
This  seems,  from  experiments  made  at  Ketley  by  Proiessor  Macdonald,  to  be  efficacious,  but  the 
extreme  inflammability  of  the  substance  may  be  a  source  of  danger.  An  ounce  burned  in  53 
cubic  feet  arrested  the  movements  of  putrefactive  Bacteria  in  a  meat  infusion  in  a  saucer  ;  it 
also  made  the  infusion  acid,  but  after  some  hours  Bacteria  were  agijun  in  active  motion.  The 
amount  of  SO2  evolved  in  tne  air  was  1'16  per  cent 
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this.  It  has  also  been  surmised  that  the  yellow  fever  poison  is  destroyed  by 
an  intense  heat  Dr  Shaw  has  collected  the  few  facts  which  we  know  on 
this  subject.* 

Disinfecting  Ohamhers. — Hotnair  chambers,  into  which  the  linen  and  bed- 
ding are  put,  are  now  commonly  used  in  baking  infected  clothea  The  tem- 
perature ought  not  to  be  less  than  220**  Fahr.,  and  probably  a  temperature  of 
250"  Fahr.  is  desirable,  but  it  must  not  be  carried  much  above  this,  as  some 
fabrics  are  singed  f  The  usual  arrangement  is  a  furnace  with  the  smoke 
shaft  passing  under  or  on  one  side  of  a  brick  chamber,  and  with  a  hot-air  blast 
from  a  shaft  running  through  or  under  the  fire  into  the  chamber  itself  or  into 
a  passage  below  it,  whence  it  passes  into  the  chamber  through  a  valve  ;  an 
exit  for  the  hot  air  is  provided  at  the  top  of  the  chamber  ;  the  dothee  are 
suspended  in  the  chamber,  at  a  little  distance  from  the  walls. 

In  other  cases  the  bottom  of  the  chamber  is  made  of  iron  and  the  smoke 
flue  passes  beneath  it ;  the  iron  becomes  red  hot,  and  is  covered  with  sand,  to 
prevent  the  clothes  taking  fire.  Hot  air  is  then  poured  into  the  chamber  in 
the  same  way.  J  The  disadvantage  of  the  hot-air  blast  is  the  uncertainty  and 
variation  in  the  amount  of  heat. 

Dr  Eansom  of  Nottingham  has  devised  a  gas  stove,  viz.,  an  iron  box  well 
covered  with  non-conducting  material ;  in  a  channel  leading  to  it  a  gas  jet 
bums  j  by  means  of  a  regulator  (modified  from  Kemp's  regulator)  the  heat  is 
kept  uniformly,  day  and  night,  between  236"  and  256**  Fahr. ;  the  houiiy 
consumption  of  gas  is  9  cubic  feet  for  a  small  stove,  which  is  sufficient  for  the 
hospital  at  Nottingham.§ 

Steam  has  been  also  used ;  and,  at  Berlin,  a  steam  diBinfecting  chamber, 

*  IVans.  Soc.  Science  Assoc,  for  1864.  p.  558. 

+  My  friend,  Dr  Raiisom  of  Nottingoam,  has  made  experiments  on  this  point,  and  though 
nehen  clothes  are  vet,  higher  temperatures  can  be  used,  yet  when  the  clothes  get  ary,  he  found 
that  fine  fabrics  b^n  to  scorch  st  255**  or  260°. 

In  the  Lancet  (11  December  1876)  I  reported  the  results  of  some  experiments  undertaken  at 
the  request  of  the  Director-General  (A.H.D.).  I  found  that  woollen  fabrics  changed  colour 
after  6  hours  exposure  to  212^  Fahr.,  or  two  hours  at  22ff*  Fahr. ;  generally  length  of  exposure 
and  elevation  or  temperature  are  complementary.  Cotton  and  linen  showed  signs  of  change 
of  colour  after  6  hours  at  212''  Fahr.  or  4  hours  at  220°  Fahr.  The  Sanitary  Regiuations  direct, 
that  infected  clothing,  &&,  shall  be  exposed  to  dry  heat  of  212^  Fahr.,  for  at  least  two  hours. 
Dr  £.  Vallin,  Professor  of  Military  Hygiene  at  the  Val-de-Grftce,  has  made  further  experiments 
on  these  points  (De  la  D^infection  par  rair  chaud,  M^moires  de  la  Society  de  Medicine  Publique 
et  d'Hyei^ne  Professionelle,  1877).  He  finds  that  a  piece  of  new  white  flannel  is  not  more  dis- 
coloured after  2  hours  at  280°  Fahr.  than  after  one  ordinary  washing,  and  that  eren  after  three 
hours  a  piece  already  washed  shows  no  change ;  2  hours,  however,  at  240°  Fahr.  to  250°  Fahr., 
show  distinct  change.  He  finds  also,  that  cotton  and  linen  do  not  change  until  they  have  been 
exposed  for  2  hours  to  257°  Fahr.  The  strength  of  the  material  is  not  diminished  (as  shown  by  a 
dynamometer)  until  after  2  hours  at  300°  Fahr.  Horse-hair  becomes  friable  after  exposure  to 
heat,  but  this  is  chiefly  an  efifect  of  drying,  as  it  regains  its  ordinary  condition  in  a  short  time, 
on  reabsorbing  moisture  (Vallin,  Lake)'.    [F.  de  CT 

t  At  Liverpool  the  disinfecting  chambers  are  5  feet  wide,  7  feet  from  front  to  back,  and  6{ 

it  high  to  tne  spring  of  the  arcn.    The  walls  and  vaults  are  brickwork,  the  doors  of  wrought 


y  into  cast  iron  friimes ;  in  the  floor  there  are  double  iron  sliding  gratings. 


feet 

iron,  fitting  tight 

and  beneath  it  a  iTot-air  passage.    At  the  top  of  the  arch,  is  an  opening  with  an  iron  ralv^ 

for  the  escape  of  the  air  mto  an  exhaust  shaft  which  is  carried  into  the  chimney.    The  heating 

apparatus  is  a  cast-iron  cookie ;  two  cast-iron  smoke  flues  from  it  pass  along  the  hot-air 

passage  under  the  chambers  into  a  chimney  at  the  opposite  end.    Cold  air  is  drawn  along  a 

nrick  flue  underneath  the  floors  of  the  stokehole  into  a  space  on  each  side  of  the  cockle,  and 

then  into  the  passage  under  the  chambers  ;  it  is  admitt^  into  chambers  at  pleasure  through 

the  sliding  iron  gratings  in  the  floor.    A  damper  at  the  entrance  of  the  cold-air  flue  regulates 

the  temperature.    A  temperature  of  280**  Fahr.  has  been  registered  in  these  chambers,  and  no 

less  than  880°  in  a  drying  closet  over  the  cockle. 

§  Dr  Ransom  has  introduced  a  modification  (since  an  accident  took  place  at  the  Southampton 
Infirmary,  where  all  the  clothes,  &c.,  were  consumed),  by  which  a  chain  with  a  link  of  fusible 
metal  is  set  f^e  by  the  melting  of  the  link  at  800°  F. ;  tms  closes  a  door^  shuts  off  the  gaa,  and 
prevents  any  further  rise  of  heat. 
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proposed  by  Dr  Esse,*  is  said  to  work  well  This  chamber  is  in  the  form  of 
two  iron  cylinders  of  different  diameters,  one  inside  the  other,  and  with  walls 
strong  enough  to  withstand  the  pressure  of  the  steam  ;  between  the  two 
cylinders  steam  enters  from  a  neighbouring  boiler,  and  heats  the  internal 
cylinder  in  which  the  clothes  are  suspended ;  at  the  top  of  the  cylinder  is  a 
brass  box  which  dips  a  little  way  down,  and  is  pierced  with  holes  at  the 
bottom,  so  that  the  air  of  the  inner  cylinder  can  rise  into  it ;  in  the  box  is  a 
thermometer.  The  outer  cylinder  is  covered  with  wood,  and  the  top  of  the 
cylinder  with  felt,  to  economise  heat ;  the  steam,  when  it  condenses  in  the 
space  between  the  cylinders,  flows  out  by  means  of  a  valve,  which  is  lifted 
when  the  water  reaches  a  certain  point  in  the  condenser.  The  clothes  are  in- 
t»roduced  at  the  top,  the  lid  of  the  cylinder  being  lifted  up  by  a  pulley  ;  they 
are  not  allowed  to  touch  the  cylinder,  but  are  suspended  from  wooden  pep;s« 
In  an  hour's  time  the  heat  can  be  brought  to  90°  E.  (»234**'5  Fahr.). 
Another  apparatus  has  been  contrived  by  Esse  for  mattresses.  It  is  an  iron 
case  with  a  spiral  steam  pipe  in  the  centre,  which  heats  with  compressed  steam 
(two  atmospheres).! 

The  ordinary  drying  closet  in  a  good  laundry  will  sometimes  give  heat 
enough,  but  not  alway&     A  baker's  oven  can  also  be  used  on  emergency. 

Soaking  avd  Boiling  Clothes. — ^The  boiling  of  clothes  is  not  so  good  as  bak^ 
ing,  but  still  is  very  useful  It  is.  desirable  to  add  some  chemical  agent  to  the 
water,  and  .chloride  of  lime  is  frequently  used  in  the  proportion  of  1  gallon 
of  the  strong  commercial  solution  to  20  or  30  gallons  of  water.  Carbolic  acid 
(1  part  of  pure  acid  and  2  parts  of  commercial  acid  to  100  of  water)  is  also 
much  employed.  The  German  military  regulations  order  the  clothes  to  be 
laid  for  twenty-four  hours  in  a  solution  of  sulphate  of  zinc,  in  the  proportion 
of  1  part  to  120,  or  of  chloride  of  zinc,  in  the  proportion  of  1  part  to  240,  and 
then  to  be  washed  with  soap  and  water,  if  the  clothes  cannot  be  baked.  The 
routine  I  have  myself  followed  in  the  case  of  a  large  military  hospital  during 
war  was  to  receive  all  dirty  clothes  into  a  large  open  shed,  and  to  plunge  them 
at  once  into  tubs  of  cold  water  with  chloride  of  line.  After  twelve  to  twenty- 
four  hours  soaking,  according  to  their  condition,  they  were  put  into  coppers 
and  boiled,  chloride  of  lime  being  again  added  to  the  water ;  they  were  then 
put  into  the  washing-machine,  and  then  dried  and  baked  in  a  dry  closet, 
heated  to  the  highest  point  we  could  get,  about  200**  to  230''  Fahr.  If  lice 
were  very  numerous,  it  was  a  good  plan  to  bake  the  clothes  before  soaking  ; 
the  lice  were  mostly  killed,  but  some  were  only  torpid,  and  were  still  living, 
after  a  temperature  of  probably  200°  Fahr.  They  could,  however,  be  shaken 
out  of  the  clothes  easily  even  if  not  dead. 

Fumigating  Clothes. — T\na  is  best  done  with  sulphur,  which  may  be  used 
in  the  hot  chamber,  or  the  clothes  are  suspended  in  a  small  close  chamber  or 
large  vat,  and  a  large  quantity  of  sulphur  is  set  on  fire,  care  being  taken  that 
the  clothes  are  not  burnt.  Hair  mattresses  must  be  taken  to  pieces  before 
fumigation  if  they  are  much  defiled. :{ 


*  Deutsche  Yierteljahrsch.  fiir  off.  Gesundheitspfl^e,  band  iii.  p.  534  (1871). 
t  A  steam  cylinder  is  used  at  the  London  Fever  Hosptal,  for  aisinfecting  the  feathers  used 
as  bedding. 

'  )ns  for  disinfection  and  fUmigatioi 

8840; 


±  Directions  for  disinfection  and  fiunigation  are  glyen  in  the  Army  Medical  Begulations ; 


see  Sanitary  Begulations  "  issued  as  a  drcuLuy'^nitary,  December  1876,  section  y.  par.  82  to  49* 


CHAPTER  XX. 
STATISTICS. 

An  accurate  basis  of  facts,  derired  from  a  sufficient  amount  of  experience, 
and  tabulated  with  the  proper  precision,  lies  at  the  very  foundation  of  hygiene, 
as  of  all  exact  sciences.  Army  surgeons  have  already  contributed  much  im- 
portant statistical  evidence  as  to  the  amount  and  prevalence  of  different 
diseases,  and  it  is  evident  that  no  other  body  of  medical  practitioners  possess 
such  opportunities  of  collecting,  with  accuracy,  facts  of  this  kind,  both  among 
their  own  nations  and  others.  As  they  have  to  make  many  statistical  retnnis, 
it  seems  desirable  to  make  a  few  brief  remarks  on  some  elementary  points  of 
statistics,  which  are  necessary  to  secure  the  requisite  accuracy  in  collecting  and 
arranging  facts.  But  it  is,  of  course,  impossible  for  me  to  enter  into  the 
mathematical  consideration  of  this  subject ;  even  were  I  competent,  a  separate 
treatise  would  be  required  to  do  justice  to  it. 

a 

SECTION*  L 

A  FEW  ELEMENTABY  POINTS  CONNECTED  WITH  GENERAL 

STATISTICS. 

1.  The  elements  of  statistical  inquiries  are  individual  facts,  or  so-called 
numerical  units,  which  having  to  be  put  together,  or  classed,  must  have  pre- 
cise, definite,  and  constant  characters.  For  example,  if  a  number  of  cases  of 
a  certain  disease  are  to  be  assembled  in  one  group  with  a  definite  signification, 
it  is  indispensable  that  each  of  these  cases  should  be  what  it  purports  to  be, 
an  unit  not  only  of  a  definite  character,  but  of  the  same  character  as  the  other 
unit&  In  other  words,  an  accurate  diagnosis  of  the  disease  is  essential,  or 
statistical  analysis  can  only  produce  error.  If  the  numerical  units  are  not 
precise  and  comparable,  it  is  better  not  to  use  them.  A  great  responsibility 
rests  on  those  who  send  in  inaccurate  statistical  tables  of  diseases ;  for  it  must 
be  remembered  that  the  statist  does  not  attempt  to  determine  if  his  units  are 
correct ;  he  simply  accepts  them,  and  it  is  only  if  the  results  he  brings  out 
are  different  from  prior  results  that  he  begins  to  suspect  inaccuracy.* 

2.  These  items  or  numerical  units  being  f  urmshed  to  the  calculator,  are 
by  him  arranged  into  groups ;  that  is  to  say,  he  contemplates  the  apparently 
homogeneous  units  in  another  light,  by  selecting  some  characteristic  which  is 
not  common  to  all  of  them,  and  so  divides  them  into  groups.  To  take  the 
most  simple  case :  A  certain  number  of  children  are  bom  in  a  year  to  a  given 
population.  The  children  are  the  numerical  units.  They  can  then  be 
separated  into  groups  by  the  dividing  character  of  sex,  and  then  into  other 
groups  by  the  dividing  character  of  "  born  alive,"  or  "  still  bom,"  &c 

*  It  is  in  vain  to  conceal  the  fact  that  many  persons  look  at  tables  of  diseases  collected  in- 
discriminately as  worse  than  useless,  from  errors  in  diagnosis.  Even  in  the  army  returns, 
which  are  all  furnished  by  qaalified  practitioners,  there  is  reason  to  doubt  the  correctness  of  the 
earlier  tables  especially.  But  it  is  oelieved  that  the  army  returns  of  diseases  are  now  gaining 
in  accuracy,  ana  it  cannot  be  too  strongly  uiged  on  medical  officers  that  perfect  accuracy  in 
diagnosis  is  a  duty  of  the  highest  kind.  It  is  much  better  to  have  a  laige  heading  of  undeter- 
mmed  diseases  than,  when  in  doubt,  to  put  a  case  of  disease  under  a  heading  to  which  it  has 
Jio  unequivocal  prettmsions. 
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Or,  a  number  of  oases  of  sickness  being  given,  these  numerical  units  (all 
agreeing  in  this  one  point,  that  health  is  lost)  are  divided  into  groups  by 
diseases,  &c  ;  these  groups,  again,  are  divided  into  others  by  the  character  of 
age,  &c.,  and  in  this  way  the  original  large  group  is  analysed,  and  separated 
into  minor  parts. 

This  group-building  seema  simple,  but  to  properly  group  complex  facts,  so 
as  to  analyse  them,  and  to  bring  out  all  the  possible  inferences,  can  only  be 
done  by  the  most  subtle  and  logical  minds.  The  dividing  character  must  be 
so  definite  as  to  leave  no  doubt  into  which  group  an  unit  shall  fall ;  it  must 
be  precise  enough  to  prevent  the  possibility  of  an  unit  being  in  two  groups  at 
the  same  time.  This  rule  is  of  the  greatest  importance,  and  many  examples 
could  be  pointed  out  of  error  from  inattention  to  it. 

Having  decided  on  the  groups,  their  numerical  relations  are  then  expressed 
in  figures,  for  example  : — 

3.  In  order  to  express  the  relation  of  the  smaller  groups  to  the  gross 
number  of  individual  facts  or  units,  a  constant  numerical  standard  must  be 
selected,  else  comparison  between  groups  of  unequal  numbers  cannot  be  made. 
The  standard  universally  adopted  in  medical  statistics  is  to  state  this  relation 
as  a  percentage,  or  some  multiple  of  a  percentage.  So  much  per  cent.,  or  per 
1000,  or  per  10,000,  is  the  standard.  This  is  got  simply  by  multiplying  the 
number  of  units  in  the  smaller  group  by  100,  and  dividing  by  the  total 
number  of  units.  Thus,  let  us  say  there  occur  362  cases  of  pneumonia  ;  this 
is  divided  into  two  groups  of  recovered  or  died,  say  343  recoveries  and  19 
deaths  ;  and  their  relation  may  be  expressed  in  one  of  two  ways,  viz.,  either 
by  the  relation  of  the  deaths  to  the  total  number  of  cases,  which  will  be — 

19x100 

— Qgo —  ™  ^'248  per  cent. 

of  mortality ;  or  by  the  relation  of  the  deaths  to  recoveries,  viz. — 

19  X  100 

— oTo —  ■»  5 '64  per  cent 

4.  Having  established  that  in  a  certain  number  of  cases,  divided  into 
groups,  the  number  in  each  group  bears  a  certain  proportion  to  the  whole,  how 
far  are  we  justified  in  concluding  that  the  same  proportions  will  be  repeated 
in  future  cases  ?  This  will  chiefly  depend  on  the  number  of  the  cases.  If 
the  number  of  cases  from  which  one  proportion  has  been  taken  is  small,  we 
can  have  no  confidence  that  the  same  proportion  will  be  repeated  in  future 
cases.  If  the  number  is  large,  there  is  a  greater  probability  that  the  propor- 
tion in  succeeding  numbers  of  equal  magnitude  will  be  the  same.  The  result 
obtained  even  from  a  very  large  number  is,  however,  only  an  approximation 
to  the  truth,  and  the  degree  in  which  it  approaches  the  truth  can  be  obtained 
by  calculation.  The  following  rule  is  given  by  Poisson  for  calculating  the 
limits  of  error,  or,  in  other  words,  the  degree  of  approximation  to  the 
truth : — 

Let  /A  be  the  total  number  of  cases  recorded, 
m  be  the  number  in  one  group. 
n  be  the  number  in  the  other. 

So  that  m  +  n^fi. 

The  proportion  of  each  group  to  the  whole  will  be  respectively  -  and  - , 

but  these  proportions  will  vary  within  certain  limits  in  succeeding  instances. 
The  extent  of  variation  will  be  within  the  proportions  represented  by 
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w  .  o    /2 .  w.  n 


+V- 


/»» 


wi     o     /2.  wi.  n 


-V- 


y 


and* 

It  will  be  obviouB  that  the  larger  the  value  of  /a  the  less  will  be  the  value  of 

2 ,  in.  71 
—3 — ,  and  consequently  the  less  will  be  the  limits  of  error  in  the  simple 

proportion  — . 

An  example  will  show  how  this  rule  is  worked.  The  following  is  given  by 
Gavarret  ("  Statisque  M^dicale,"  1840,  p.  284)  :— 

Louis,  in  his  work  on  "  Typhoid  Fever,"  endeavours  to  determine  the 
effect  of  remedies,  and  gives  140  cases,  with  52  deaths  and  88  recoveries. 
What  is  the  mortality  per  cent.,  and  how  near  is  it  to  the  true  proportion! 

m  »   52  B  number  of  deaths. 
71  =   88  =  number  of  recoveries. 
/x  s  1 40  « total  number  of  cases. 

i.e,y  37  deaths  in  100  cases,  or  more  precisely  37,143  deaths  in  100,000  cases* 
How  near  is  this^ratio  to  the  truth  ?  The  possible  error  is  as  follows — the 
second  half  of  the  formula^  viz. — 


m .  n 

will  be 


'^/^ 


M« 


9    /2x  52x88    ^,,^^^, 
V       (140)3 0-11550  to  umty. 

(Or  11,550  in  100,000.) 

The  mortality  being  37*143  per  cent,  or  37,143  deaths  in  100,000  cases, 
in  these  cases,  it  may  be  in  other  140  cases  either 

37,143  +  11,550  =  48-693  per  cent 
or  37,143-11,550  =  25-593        „ 

In  other  words,  in  successive  140  cases  the  mortality  will  range  from  49  per 
cent  (nearly)  to  26  per  cent  (nearly),  so  that  Louis'  numbers  are  far  too  few 
to  give  even  an  approximation  to  the  true  mean.t 

5.  There  being  a  number  of  facts,  each  of  which  can  be  expressed  by  a 
numerical  value,  an  average  or  mean  number  is  obtained  by  adding  all  the 
numerical  values,  and  dividing  by  the  number  of  facts.! 

In  many  cases  the  method  by  successive  means  is  very  usefuL  This  con- 
sists in  taking  the  mean  of  the  mean  numbers  successively  derived  from  a 
constantly  repeated  series  of  events  (say  the  mortality  to  a  given  population 


*  ThiB  is  sometimes  stated  thus : — 


^4.      /SES 


when  q  —  total  number  of  events, 
and    p  —  number  of  events  in  any  particular  direction, 
t  The  relative  values  of  two  or  more  series  are  as  the  square  roots  of  the  numbers  of  obser- 
vations.   So  also,  by  increasing  the  number  of  observations  in  any  inquiry,  the  value  (or 
accuracy)  Increases  as  the  sc^uare  root  of  the  number. 

X  The  arithmetical  -mean  is  used  in  medical  inquiries ;  but  there  are»  in  addition,  the  geome- 
trical, harmonic,  and  quadratic  means.  For  an  account  of  these,  and  for  many  rules,  I  beg 
to  refer  to  Dr  Bond's  transition  of  Professor  Radicke's  Essay,  New  Sydenham  Society  PubL 
vol.  zi. 
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yearly).  Supposing,  for  example,  the  annual  mortality  in  England  to  be,  in 
successive  years,  22,  23,  21,^26,  23,  21,  22,  28,  22,  21,  per  1000  living,  the 
successive  means  would  be — 

22  +  23        22  +  23  +  21         22  +  23  +  21  +  26 
2  3  4 

and  so  on,  until  the  numbers  are  so  great  as  to  give  every  time  the  same 
result  It  is  useful  to  calculate  the  successive  means  in  both  the  direct  and 
inverse  order,  viz.,  from  first  fco  last,  and  then  from  last  to  first,  i.6.,  putting 
the  two  last  together,  then  the  three  last,  &c.,  so  as  to  see  if  the  variation  was 
greater  at  the  end  of  a  series  than  at  the  beginning.  The  degree  of  uncertainty 
is  then  the  mean  variation  between  the  successive  means.* 

A  plan  almost  the  same  as  this  has  been  used ;  a  certain  number  of  facts 
being  recorded,  the  sum  is  divided  into  two,  three,  or  more  parts,  and  it  is 
then  seen  whether  the  results  drawn  from  the  lesser  groups  agree  with  that 
drawn  from  the  larger  group  and  with  each  other.  If  there  is  any  great 
difference  of  results,  the  numbers  of  the  lesser  groups  are  not  sufficient.  In 
the  instance  given  above,  the  mean  of  the  ten  years  is  22*9  ^  the  mean  of  the 
first  three  years  is  22 ;  of  the  second  three  years  is  22*33 ;  of  the  third  three 
years  is  24.  The  term  of  three  years  is  therefore  far  too  short  to  allow  a  safe 
conclusion  to  be  drawn.  The  mean  of  five  years  again  is  23,  and  .of  eight 
years  is  22*8,  numbers  which  are  much  nearer  each  other  and  the  mean  of  the 
whole  ten  years. 

The  application  of  averages  when  obtained  is  of  great  inq)ortance,  but  there 
is  one  usual  error.  The  results  obtained  from  an  average  (that  is,  from  the 
mean  result  obtained  from  a  number  of  units,  not  one  of  which  perhaps  is  the 
same  as  the  mean  result,  but  either  above  or  below  it)  can  never  be  applied  to 
a  particular  case.  On  either  side  the  average  there  is  always  a  range  the  value 
of  which  may  be  obtained  by  Poisson's  rule  as  above,  and  the  particular  case 
may  be  at  either  end  of  the  range.  The  use  of  the  average  is  to  apply  it  to 
an  aggregate  of  facts.  Then  supposing  it  be  founded  on  a  sufficient  number 
of  cases,  it  will  be  exact. 

6.  In  addition  to  averages,  it  is  always  desirable  to  note  extreme  values, 
that  is,  the  two  ends  of  the  scale  of  which  the  average  is  the  middle.  To  use 
Dr  Guy's  pointed  expression,  *^  averages  are  numerical  expressions  of  proba- 
bilities; extreme  values  are  expressions  of  possibilities."!  ^^  taking  too  great 
note  of  mean  quantities,  we  may  forget  how  great  a  range  there  may  be  above 
and  below  them,  and  it  is  by  reminding  us  constantly  of  this  that  Poisson's 
rule  is  so  useful  | 

*  To  find  the  wiean  error  : — 1.  Find  the  mean  of  the  series  of  observations ;  find  the  means 
of  all  the  observations  above  the  mean,  and  subtract  the  mean  trom  it,  this  gives  the  mean 
error  in  excess.  2.  Find  ^e  mean  of  all  the  observations  below  the  mean,  and  subtract  it 
from  the  mean,  this  gires  the  mean  error  in  deficiency.  Add  the  two  quantities,  and  take  the 
half,  this  is  the  mean  error. 

To  find  the  error  of  mean  square : — Square  each  of  the  observations  and  add  them  together, 
subtract  trom  this  sum  the  square  of  the  mean,  multiplied  by  the  number  of  observations, 
then,  calling  this  remainder  {S),  and  the  number  of  observations  (n),  we  have : — 


Error  of  mean  square. 


1 


Of  a  single  measure, 


Of  the  result, 


V  n(n-l) 


'  The  probable  error  is  obtained  by  taking  two-thirds  (nearly)  of  the  mean  error  or  error  of 
mean  square,  the  actual  ratio  being  1 :  0'6746. 

t  CydopflBdia  of  Anatomy  and  Physiolojgy— Art.  StatisHcs. 

:t  In  a  good  (that  is  a  trustworthy)  series,  the  extremes  on  the  two  sides  of  the  mean  will 
balance  each  other,  the  numbers  being  distributed  according  to  the  coefficients  of  a  binomial, 
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7.  Statistical  results  are  now  frequently  expressed  by  grapliic  representa- 
tions, a  certain  space  drawn  to  scale  representing  a  number.  The  most  simple 
plan  is  that  of  intersecting  horizontal  and  vertical  lines. 

Two  lines,  one  horizontal  (axis  of  the  abscissaB),  and  the  other  vertical  (axis 
of  the  ordinates),  form  two  sides  of  a  square,  and  are  then  divided  into  seg- 
ments, drawn  to  scale — vertical  and  horizontal  lines  are  then  let  fall  on  the 
points  marked ;  the  axis  of  the  ordinates  representing,  for  example,  a  certain 
time,  and  the  axis  of  the  abscisses  representing  the  number  of  events  occurring 
at  any  tima  A  line  drawn  through  the  points  of  intersection  of  these  two 
quantities  forms  a  graphic  representation  of  their  relation  to  each  other,  and 
the  surface  thus  cut  can  be  also  measured  and  expressed  in  area  if  required, 
or  the  space  can  be  plotted  out  in  various  ways,  in  columns,  pyramidJay  &c. 
In  the  same  way  circles  cutting  radii  at  distances  from  the  centre  drawn  to 
scale  are  very  useful ;  the  circles  marking  time  (in  the  example  choeen),  and 
the  radii  events,  or  the  reverse.  Such  graphic  representations  are  most  useful, 
and  allow  the  mind  to  seize  more  easily  than  by  rows  of  figures  the  connection 
between  two  conditions  and  event& 

Generally  speaking,  it  may  be  said  that  the  amounts  of  sickness  and  mor- 
tality in  different  bodies  of  men  or  in  the  same  body  of  men  at  successive 
periods,  show  such  wide  variations,  that  the  mean  error  is  always  very  great, 
and  it  requires  a  very  large  number  of  cases,  and  an  extended  period,  to  de- 
duce a  probable  true  mean.  For  this  reason  it  is  necessary  to  be  cautious  in 
apportioning  blame  or  credit  to  persons,  or  to  special  modes  of  treatment,  un- 
less the  numbers  are  very  large  and  accordant.  The  circumstances  influencing 
the  result  are,  in  fact,  very  numerous,  and  the  proper  estimation  of  a  numeri- 
cal result  is  only  possible  when  it  is  considered  in  reference  to  the  circum- 
stances under  which  it  occurs. 

The  most  important  statistical  inquiries  applied  to  health  are— 

1.  Births  to  Population, — ^To  obtain  all  these  elementary  facts,  an  accurate 
census  and  proper  registration  are  required.  It  is  only  within  the  last  few 
years  that  the  most  civilised  nations  have  commenced  these  inquiries. 

2.  Relative  Number  of  Live  and  Still-Bom^  of  Premature  and  Ftdl-Qrown 
Children. 

3.  Number  of  Children  Dying  in  the  First  Tear^  with  Sub-Groups  of  Sex 
and  Months, — ^There  are  two  great  periods  of  mortality  in  the  first  year,  viz., 
in  the  first  week,  and  at  the  time  of  weaning,  about  the  seventh  month. 

4.  Amount  of  Sickness  to  PoptdaHon, 

(a)  Number  constantly  sick,  grouped  according  to  sex,  age^  occupa- 

tion, and  diseases. 

(b)  Average  duration  of  sickness,  Ssc 

5.  Amount  of  Yearly  Mortality  in  a  Population,  or  Deaths  to  Population, — 
The  deaths  are  generally  expressed  as  so  many  deaths  to  1000  or  10,000  liv- 
ing j  but  the  deaths  can  be  calculated  in  relation  not  only  to  the  number  liv- 
ing at  the  end  of  the  time,  but  to  that  number  plus  bl  certain  addition  to  be 
made  on  account  of  those  persons  who  lived  during  part  of  the  time,  but  died 
before  its  close.  But  the  difference  is  not  material  Grouped  according  to 
sex,  age,  &c.  .    . 

6.  Mean  Age  at  Death  of  a  Population  is  the  Sum  of  the  Ages  at  Death, 
divided  by  the  Deaths, — ^The  mean  age  at  death  expresses,  of  course,  the  ex- 
pectation of  life  at  birth,  or  the  mean  lifetime.  It  is  no  very  good  test  of  the 
health  of  a  people,  as  a  great  infant  mortality  may  reduce  the  age,  though  the 

-whose  exponent  is  the  number  of  possible  events  in  the  series  (see  Qaetelet,  on  Probabilities ; 
Airy,  on  the  Theory  of  Errors  of  Ooservation;  Merriman»  Theory  of  Least  Squares ;  De  Chaa- 
mont.  Lectures  on  State  Medicine). 
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health  of  the  adults  may  be  extremely  good.     The  mean  age  of  death  in 
England  is  about  40  years. 

7.  Mean  Duration  of  Life  {vie  moyenne), — ^This  is  the  expectation  of  life  at 
birth  ;  at  any  other  age  than  birth,  it  is  the  expectation  of  life  at  that  age  (as 
taken  from  a  life-table)  added  to  the  age.  It  is  no  good  test  of  sanitary  con- 
dition or  health. 

8.  Probable  Duration  of  Life  (vie  probable  ;  probable  lifetime)  is  the  age  at 
which  a  given  number  of  children  bom  into  the  world  at  the  same  time  will 
be  reduced  one-half. 

9.  Expectation  of  Life,  or  Mean  Future  or  After  Lifetime, — ^This  is  the  true 
test  of  the  health  of  a  people.  It  is  the  average  length  of  time  a  person  of 
any  age  may  be  expected  to  live ;  and  in  order  to  construct  it,  we  must  know 
the  number  of  the  living,  their  ages,  the  number  of  deaths  and  the  ages,  and 
the  other  changes  in  the  population  caused  by  births,  emigration,  immigration, 
&c  It  does  not,  of  course,  follow  that  any  particular  person  will  live  the 
time  given  in  such  a  table  ;  he  may  die  before  or  after  the  period,  but  taking 
a  large  number  of  cases,  the  average  is  then  found  to  apply.  Life-tables  show 
at  a  glance  the  expectation  of  life  at  any  age. 

After  the  first  year  the  chances  of  living  increase  up  to  the  fourth  year  ; 
the  fifth  year  is  nearly  as  good,  and  then  the  chances  of  life  lessen,  but  at  first 
slowly,  and  then  more  rapidly  ;  from  6  to  40  years  of  age  the  expectation  of 
life  lessens  in  the  ratio  of  from  2\  to  3^  or  3f  years  for  each  qiunquennial 
period. 

EngUmd.* 
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1 
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20 
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80 
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2 

48-83 

49*40 

30 
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33-81 

90 

2*84 

3-01 

8 

49*61 
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40 

26  06 
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95 
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2-29 

4 

49*81 

50-43 

50 

19*54 

20-75 

100 

1*68 

1-76 

5 

49-71 

50-38 

60 

13-58 

14*34 

SECTION  IL 
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At  the  close  of  the  Peninsular  war  in  1814,  Sir  James  M'Grigor  com- 
menced the  collection  of  the  statistics  of  disease  and  mortality  in  the  English 
army,  and  during  the  course  of  the  next  twenty  years  a  great- amount  of  valu- 
able evidence  was  accumulated.  In  1835  Dr  Henry  Marshall  (Deputy- 
Inspector  of  Hospitals,  and  one  of  the  most  philosophical  surgeons  who  have 
ever  served  in  the  English  army)  commenced  to  put  these  returns  into  shape, 
and  the  late  Major-General  Sir  Alexander  Tulloch,  E.C.B.  (at  that  time  a 
lieutenant  in  the  45th  Regiment,  employed  in  the  War  Office),  was  associated 
with  him.  In  the  following  year,  on  the  retirement  of  Dr  Marshall,  Dr 
Balfour,  the  late  head  of  the  Statistical  Branch  of  the  Army  Medical  Depart- 
ment, was  appointed  as  his  successor,  and  in  coiyunction  with  Sir  A.  Tulloch, 
brought  out  the  series  of  reports  on  the  health  of  the  army  which  have  had 
such  influence,  not  merely  on  the  causes  of  the  sickness  and  mortality  among 
soldiers,  but  indirectly  on  those  of  the  civil  population  also.     In  1838^1841, 


*  Abridged  from  Dr  FarxiR  Life  Tables.  Some  interesting  information  will  be  found  in 
Statistics  of  Families,  by  C.  Ansell,  Jan.,  1874. 

t  The  short  summary  of  the  history  of  the  Army  Statistical  Reports  is  chiefly  taken  from  Dr 
Balfour's  account,  in  the  Army  Medical  Report  for  I860,  p.  181. 
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leports  were  issued  of  the  following  stations  : — United  Kingdom,  Medi- 
terranean, and  BritiBh  America,  West  Indies,  Western  Africa,  St  Helena, 
Cape,  Mauritius,  Ceylon,  and  Tenasserim. 

These  returns  included  the  years  1817-1836.  In  1853  another  report,  con- 
taining the  stations  of  the  troops  in  the  United  Kingdom,  Mediterranean,  and 
British  America,  including  the  years  1836-1846,  was  prepared  hy  the  same 
gentlemen. 

In  these  reports,  in  addition  to  the  statistical  analysis,  short  but  most 
graphic  and  comprehensive  topographical  and  climatic  accounts  of  the 
different  stations  were  given. 

The  effect  of  these  several  reports,  and  especially  of  the  earlier  issues,  was 
to  direct  the  attention  of  the  Grovernment,  both  to  the  fact  of  an  enormous 
sickness  and  mortality,  and  to  its  causes,  and  then  commenced  the  gradual 
series  of  improvements  which  at  a  later  period  were  urged  on  by  Lord 
Herbert  with  so  much  energy. 

The  Russian  war  of  1854-1855  prevented  any  further  publication  until 
1859,  when  yearly  reports  were  commenced  by  Dr  Balfour,  and  have  been 
regularly  issued  since.  In  the  report  for  1860  Dr  Balfour  has  given  a 
summary  of  the  earlier  and  later  mortality  of  the  different  stations  before  and 
after  1837,  which  shows  a  remarkable  difference  in  favour  of  the  later  periods 
as  regards  both  sickness  and  mortality.* 

Sub-Sbction  L 

With  respect  to  soldiers  in  time  of 'peace^  the  statistical  evidence  is  required 
to  show  the  amount  of  benefit  the  State  receives  from  its  soldiers,  and  the 
amount  of  loss  it  suffers  yearly  from  disease.    Tables  should  therefore  show — 

1.  The  amount  of  loss  of  strength  a  definite  number  of  men  in  each  arm  of 
the  service  suffers  in  a  year — 

(a)  By  deaths,  or,  in  other  words,  the  mortality  to  strength. 

(&)  By  invaliding  from  disease,!  for  if  this  is  not  regarded,  different  systems 
and  modes  of  invaliding  may  entirely  vitiate  any  conclusions  drawn  from  the 
mortality. 

The  groups  thus  formed  must  be  again  subdivided,  so  as  to  show — 

[a)  The  causes  of  death  or  invaliding. 

;  &i  The  ages  of  those  who  die  or  who  are  invalided. 

\c)  Their  length  of  service.  It  is  of  great  importance  to  determine  the 
influence  of  service  in  every  year,  and  these  groups  should  be  again  divided 
by  ages. 

2.  The  loss  of  effective  service  a  definite  number  of  men — say,  1000  in  each 
arm — suffers  during  a  year.     This  is  best  expressed  as  follows  : — 

(a)  The  total  number  of  cases  of  disease  in  a  year,  i.e.,  the  number  of  ad- 
missions to  hospital  per  annum.  It  must  be  understood  that  this  does  not 
express  the  number  of  men  admitted,  as  one  man  may  be  admitted  two,  three, 
or  even  ten  times  with  the  same  disease  ;  each  admission  counts  as  a  fresh 
case.  It  would  be  very  important  to  have  another  table  showing  the  number 
of  men  admitted  for  different  diseases,  or,  in  other  words,  the  number  of  cases 
of  re-admission  for  the  same  disease. 

{h)  The  number  constantly  sick  on  an  average.     This  is  often  called  the 

*  In  the  chapter  on  India,  I  have  mentioned  the  chief  statistical  papers  which  refer  to  that 
country. 

t  Loss  by  purchase  of  dischai^,  expiration  of  term  of  service,  imprisonments,  and  dia- 
missals  from  the  Arm^,  mast  also  be  put  under  separate  headings  :  but  the  medi^  officer  has 
nothing  to  do  with  this  point,  except  to  see  that  such  cases  are  not  confounded  with  invalid- 
ing fiom  disease. 
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sick  population,  and  is  obtained  most  easily  in  army  hospitals  by  dividing  the 
number  of  diets  issued  in  a  year  by  the  purveyor  by  365,  or  adding  all  the 
"  remaining  "  on  the  daily  or  weekly  states  together,  and  dividing  by  365  or 
52,  as  the  case  may  be. 

(c)  The  total  number  of  days  lost  in  a  year  to  the  service  by  illness 
by  the  1000  men,  and  of  the  number  of  days  per  head.  The  number  of  the 
sick  population  (that  is,  the  number  constantly  sick  out  of,  say  1000  men) 
multiplied  by  365  and  divided  by  1000,  or^y  the  number  furnishing  the 
sick,  whatever  that  may  be,  gives  these  facts. 

(d)  The  mortality  in  relation  to  sickness. 

The  group  constituted  by  the  sick  must  then  be  subdivided  by  diseases, 
and  lesser  groups  must  be  made  by  distributing  the  causes  of  sickness  and 
deaths  under  ages  and  length  of  service. 

There  are  a  few  points  which  require  attention.  The  amount  of  sickness 
and  mortaUty  is  calculated  on  the  mean  strength,  that  is,  the  number  of  men 
of  a  regiment  present  at  a  certain  station  on  the  muster  days  divided  by  the 
number  of  muster  days.  But  it  must  be  understood  that  this  includes  the 
sick  men  in  hospital  as  weU  as  the  healthy  men,  and  therefore  does  not  per- 
fectly express  the  amount  of  disease  among  the  healthy  men.  Also  sometimes 
the  muster  rolls  of  a  regiment  include  men  on  detachment  at  some  distance, 
whose  sickness  is  not  attributable  to  the  headquarter  station.  The  French, 
in  their  Army  Statistical  Ketums,  make  two  headings,  one  of  ''mean 
strength  "  {^ectif  moyen\  and  the  other  of  "  present  "  (presents),  the  men  in 
hospital  not  being  included  in  the  latter.  Moreover,  in  the  French  Army, 
nearly  one-sixth  are  always  absent  on  leave ;  and  the  deaths  of  those  on  leave 
are  included  among  the  army  deaths,  but  the  sickness  is  not  so.  Con- 
sequently, sickness  has  to  be  calculated  on  the  number  not  on  leave ;  deaths, 
on  the  total  strength.  In  the  French  army  officers  are  included  with  the 
men ;  in  the  English,  separate  returns  are  made. 

It  is  often  difficult  to  get  the  mean  strength  if  there  are  many  changes  of 
troops,  and  instances  of  erroneous  calculations  from  this  cause  are  not 
uncommon.* 

In  calculating  also  the  effect  of  age  and  length  of  service  upon  disease  and 
mortality,  it  is  necessary  to  know  not  only  the  ages  and  length  of  service  of 
the  sick  men,  but  of  the  healthy  men  also,  and  to  calculate  out  the  proportion 
of  the  sick  to  the  healthy  at  that  particular  age  or  length  of  service,  otherwise 
very  erroneous  conclusions  might  be  drawn.     For  example,  it  might  appear 

*  I  subjoin  one  which  Dr  Balfour  has  given.  It  will  be  seen  that  an  unhealthy  station 
(Masnlipatam)  in  India  is  credited  with  a  much  greater  degree  of  health  than  it  really  was 
entitled  to,  and  the  annexed  extract  from  Dr  Balfour's  paper  (£din.  Med.  and  Suiig.  Jour.  No. 
172)  shows  clearly  how  the  mistake  arose  :— 

"  The  [Madras]  Medical  Board,  in  submitting  to  Goyemment  the  table  ftx)m  which  these 
figures  are  computed,  stated  that  the  ratio  of  mortality  among  all  the  European  regiments  in 
the  Presidency,  from  January  1813  to  December  1819,  was  5690  per  cent.  ;  whilst  that  of  the 
rejriments  at  Masnlipatam,  from  1818  to  1832  inclusive,  was  5*100  per  cent.  They  then  add— 
'  The  rate  of  mortality  having  been  somewhat  lower  than  throughout  the  rest  of  the  Presidency 
for  such  a  period,  gives  reason  to  conclude  that  the  station  cannot  be  considered  under  ordinary 
circumstances  as  unhealtiiy.'  Now,  the  Board  appears  to  have  arrived  at  this  conclusion  from 
an  error  in  tiie  mode  of  calculating  the  ratio.  In  several  of  the  yean  between  1813  and  1832 
the  regiments  were  quartered  at  Masnlipatam  during  part  of  the  year  only.  It  must  be 
obvious  to  any  one  conversant  with  the  principles  of  statistics,  that  in  such  a  case  a  propor- 
tion of  the  annual  strength  only  should  be  taken  corresj^onding  with  the  period  for  which  the 
regiment  was  quartered  there.  Thus,  if  the  period  was  nme  months,  the  sickness  and  mortality 
should  be  calculated  on  three-fourths  of  the  strength ;  if  eight  months,  on  two-thirds,  and  so 
forth.  The  Board,  however,  have  made  the  calculation  in  every  instance  on  the  average  annual 
strength  without  any  such  deduction.  Had  the  necessary  correction  been  made,  the  deaths 
firomlSlS  to  1832  would  have  been  found  to  average  6 '894  per  cent,  annually,  instead  of  5*100, 
M  above  stated." 
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that  sick  men  under  nineteen  years  of  age  were  very  numerous  in  proportion 
to  other  years,  but  in  a  young  army  the  greater  number  of  the  force  might  be 
of  this  age.  Care  is  necessary  in  all  these  points  to  arrive  at  correct  con- 
clusions. 

Sub-Seotion  IL — Statistics  in  War. 

In  time  of  war  the  statistics  must  be  slightly  altered  in  form,  thoagh  the 
same  in  principle.  The  object  is  to  show  as  completely  as  possible  to  the 
General  in  command  what  amount  of  loss  his  army  is  suffering  at  the  moment, 
and  to  what  extent  it  may  be  expected  to  suffer,  and  also  what  are  the  causes 
of  such  sicknesa 

The  sickness  here  must  not  only  be  calculated  on  the  mean  strength  (whidi 
will  include  the  men  in  hospital),  but  also  on  the  healthy  men,  or  those 
actually  under  arms  and  effective.  If  the  sick  are  counted  in  the  strength, 
the  sickness  of  the  army  may  be  much  understated.  What  a  General  wants 
to  know  with  regard  to  sickness  will  be  these  points : — 

1.  How  many  men  am  I  losing  daily  from  the  rank  and  file  actually 
serving  with  the  colours  1 

2.  How  many  are  replaced  by  discharge  from  hospital ) 

3.  What  is  the  balance,  gain  or  loss? 

4.  If  my  effective  force  loses  daily,  when  this  balance  is  struck,  such  a 
percentage,  what  will  be  its  loss  of  strength  in  a  week,  in  four  weeks,  in  six 
weeks  ?  &c. 

5.  What  are  the  causes,  Le,,  what  are  the  diseases  which  are  causing  this 
sickness,  and  how  are  they  affected  by  special  circumstances  of  age,  particalar 
service  or  arms,  or  other  causes  ? 

The  mortality  in  war  should  be  calculated  on  the  mean  strength,  that  is,  on 
the  total  number  of  healthy  and  sick,  and  also  on  the  sick"'  alone,  so  as  to 
represent  both  the  loss  of  the  army  and  the  fatality  of  the  sicknesa 
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THE  SERVICE  OF  THE  SOLDIER* 

It  is  now  necessary  to  consider  a  little  more  particularly  the  nature  of  the 
service  of  the  soldier,  and  the  influence  it  has  on  him,  A  recruit  entering 
the  army  from  civil  life  comes  under  nevr  conditions,  which  will  require  to 
be  ahorUy  enumerated. 


CHAPTER  L 
THE    RECRUIT. 

In  the  English  army,  young  men  are  enlisted  at  eighteen  years  of  age^f  unless 
they  are  intended  for  drummers.  They  must  be  of  a  certain  height,  which 
is  fixed  by  regulation  from  time  to  time,  according  to  the  particular  arm,  and 
to  the  demands  of  the  service.  There  must  also  be  a  special  girth  of  the 
chest,  which  is  in  proportion  to  the  age  and  height. 

In  time  of  war,  the  measurements  are  reduced  according  to  the  demand 
for  men ;  and  even  in  time  of  peace,  the  necessary  height  of  the  infantry 
recruit,  usually  65  or  66  inches,  has  been  sometimes  only  5  feet  4  inches.^ 
Before  the  enlistment  is  completed,  the  recruit  is  examined  by  a  medical 
officer,  and  then  by  the  surgeon-major  of  the  recruiting  district,  according  to 
a  scheme  laid  down  in  the  Medical  Eegulations.§  The  scheme  is  a  very  good 
one,  and  aims  at  investigating,  as  far  as  can  be  done,  the  mental  condition ; 
the  senses ;  the  general  formation  of  the  body,  and  especially  of  the  chest ; 
the  condition  of  the  joints  ;  the  state  of  the  feet ;  the  absence  of  hernia^ 
varicocele,  piles,  &c. ;  and  the  condition  or  physical  examination  of  the  heart, 
lungs,  and  abdominal  organs  generally.  ||  A  certain  girth  of  chest  according  to 
the  height  is  reqmred.1I 

After  joining  his  regiment  he  is  again  examined,  and  may  be  rejected  if  any 

*  Medical  officers  entering  the  army  vUl  find  asreat  deal  of  nseftil  sanitary  information  and 
details  of  duty  bcuuing  on  health  in  Sir  Garnet  Wolseley's  Soldiers'  Pocket  Book  for  Field 
Service. 

f  In  reality,  they  sometimes  enlist  under  this  age. 

t  By  the  last  General  Order,  15th  Sept.  1877,  it  is  raised  to  5  feet  5  inches  (except  for  the 
Bifles)  from  5  feet  4},  which  was  the  height  fixed  in  1876. 

I  For  a  faU  account  of  the  system  of  recruiting,  the  mode  of  examination,  and  much  useful 
information  on  disabilities,  see  a  paper  by  Dr  Crawford  in  the  Army  Medical  Report  for 
ISeZ—Blm  Book,  1864. 

II  As  the  Medical  Be^lationa  are  in  the  hands  of  all  medical  officers,  it  is  unnecessary  to  go 
into  more  detaU  on  this  point.  My  colleague,  Professor  Lonsnore,  nses  in  the  Army  Medical 
School  a  set  form  of  examination,  which  renders  it  almost  impossible  that  any  point  should 
be  overlooked. 

IT  At  present,  84  inches  for  66  in  height 

2h 
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defect  is  discoveied.     Bejections  maj  take  place  then  either  at  the  primaij 
01  secondaiy  inBpection. 

Both  the  average  weight  and  height,  especially  the  latter,  will  vary  with 
the  demand  for  men. 

The  trades  of  the  men  famishing  the  recruits  must  also  vary  greatly  from 
year  to  year.* 

The  total  number  of  rejections,  either  at  once  or  after  re-examination  by  a 
second  medical  officer,  on  various  grounds,  of  men  brought  by  the  recruiting 
Serjeant  to  the  medical  officer,  varies  somewhat  from  year  to  year. 

About  two-fifths  of  the  rejections  arise  from  causes  connected  with  general 
bad  health  or  feeble  constitution,  and  one-fifth  from  causes  affecting  the  march- 
ing powers  of  the  men  (Balfour). 

In  the  French  army,  the  height  was  fixed  in  1860  at  69  inches  (1*76  metres) 
for  the  carabiniers,  and  61^  inches  (1*56  metres)  for  the  infantry  of  the  line. 

In  1872  the  miTiiTmiTn  for  the  cuirassiers  was  reduced  to  I'^^O  (67  inches) 
without  any  fixed  maximum. 

In  1868  the  minimum  for  the  line  was  reduced  to  1™*55  (61  inches),  and 
stUl  further  in  1872  to  l"»-54  (60^  inches).! 

The  rejections  in  the  French  conscription  include  men  rejected  for 
insufficient  height,  as  well  as  reasons  of  health.  I 

After  the  recruit  has  been  enlisted  and  approved,  he  joins  his  dep6t  or  his 
regiment ;  receives  his  kit,  which  he  subsequently  in  part  keeps  up  at  his  own 
cost ;  and  is  put  on  the  soldier's  rations.  He  enters  at  once  on  his  drill,  which 
occupies  from  3^  to  4^  hours  daily.  Wherever  gymnasia  are  estabHshed,  he 
goes  through  a  two-months'  course  of  gymnastic  training  for  one  hour  every 
day.  He  then  goes  to  rifle  drill,  which  lasts  about  six  weeks,  and  then  joins 
the  ranks.  After  the  rifle  drill,  he  has  another  month's  gymnastic  trainings 
and  is  then  supposed  to  be  a  finished  soldier. 

Such  being  the  system,  it  will  be  desirable  to  consider  certain  points. 

1.  2%e  Age  of  the  Eecruit. — Strong  opinions  have  been  expressed 
by  Ballingall  (English  army).  Levy  (French  army),  Hammond  (American 
army),  and  other  army  surgeons,  that  the  age  of  17  or  18  is  too  low — ^that  the 
youngest  recruit  should  be  20  or  21  years  of  age. 

This  opinion  is  based  both  on  actual  experience  of  the  effect  produced  on 
boys  of  17  to  20  when  exposed  to  the  hardships  of  war,  or  even  to  heavy  duty 
in  time  of  peace,  and  on  a  physiological  consideration  of  the  extreme  imma- 
turity of  the  body  at  18  years  of  age. 

With  regard  to  the  first  point,  there  is  no  doubt  that  to  send  young  lads  of 
18  to  20  into  the  field,  is  not  only  a  lamentable  waste  of  materiid,  but  is  posi- 
tive cruelty.  At  th^t  age  such  soldiera,  as  Napoleon  said,  merely  strew  the 
roadside  and  fiU  the  hospitals.  The  most  effective  armies  have  been  those  in 
which  the  youngest  soldiers  have  been  22  years  of  age. 

With  regard  to  the  second,  it  is  also  certain  that  at  18  the  muscles  and 
bones  are  very  immature,  and,  in  fact,  it  is  not  till  25  years  of  age,  or  even 
later,  that  epiphyses  of  the  bones  have  united,  and  that  the  muscles  have 
attained  their  fuU  growth.§ 

The  epiphyses  of  the  transverse  and  spinous  processes  of  the  vertebrse 
hardly  commence  to  ossify  before  16  years  of  age,  and  it  is  not  till  after  20 

*  The  avera^  weight  and  height  of  the  recrnits,  and  the  claases  ftom  which  they  are  drawn, 
are  careftdly  given  by  Dr  Balfour,  and  Sir  A.  D.  Home,  in  the  Anny  Medical  Department 
Reports. 

t  Morache,  Traits  d'Hygitoe  MiliUire,  1874. 

f  Sistach,  Recueil  de  Mfm.  Mil.  1861,  Not.  p.  35a. 

§  See  Aitken'8  Growth  of  the  Becmit  and  Young  Soldier,  1862. 
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years  that  the  two  thin  circular  plates  form  on  the  hody  of  the  yertebne.  The 
whole  process  is  not  completed  till  close  on  the  30th  year.  The  consolidation 
of  the  sacrum  only  commences  at  the  18th  year,  and  is  completed  from  the 
25th  to  the  30th  year.  The  fourth  and  third  bones  of  the  sternum  are  only 
united  between  the  20th  and  25th  years,  and  the  second  is  not  united  to  the 
third  bone  before  the  35th  year.  The  epiphyses  of  the  ribs  commence  to 
grow  between  the  16th  and  the  20th  years,  and  are  completed  by  the  25th 
year.  The  epiphyses  of  the  scapula  join  between  the  ages  of  22  and  25.  The 
epiphysis  of  the  clavicle  begins  to  form  between  the  1 8th  and  20th  year&  The 
internal  condyle  of  the  humerus  unites  at  18,  but  the  upper  epiphysis  does 
not  join  till  the  20th  year.  The  epiphyses  of  the  radius  and  ulna,  the  femur, 
the  tibia,  and  fibula,  are  all  unjoined  at  18  years,  and  are  not  completely 
joined  till  25  years.  The  epiphyses  of  the  pelvic  bones  (viz.,  crest  of  ilium, 
spine,  and  tuberosity  of  the  ischium)  begin  to  form  at  puberty,  and  are  com- 
pleted by  the  25th  year.* 

That  the  muscles  are  equally  immature  is  just  as  certain  ;  they  grow  in 
size  and  strength  in  proportion  to  the  bones. 

These  facts  show  how  wrong  it  is  to  expect  any  great  and  long-continued 
exercise  of  force  from  men  so  young  as  18  and  20,  and  what  will  be  the 
inevitable  consequences  of  taxing  them  beyond  their  strength. 

Are  we,  then,  to  conclude  that  the  soldier  should  not  be  enlisted  before  20  9 

It  appears  to  me  that  the  case  stands  thus.  If  the  State  will  recognise  the 
immaturity  of  the  recruit  of  18  years  of  age,  and  will  proportion  his  training 
and  his  work  to  his  growth,  and  will  abstain  from  considering  him  fit  for  the 
heavy  duties  of  peace  and  for  the  emergencies  of  war  till  he  is  at  least  20 
years  of  age,  then  it  would  seem  that  there  is  not  only  no  loss,  but  a  great 
gain,  by  enlisting  men  early.  At  that  most  critical  period  of  life  the  recruits 
can  be  brought  under  judicious  training,  can  have  precisely  the  amount  of 
exercise  and  the  kind  of  diet  best  fitted  for  them,  and  thus  in  two  years  be 
more  fully  developed,  and  be  made  more  efficient^  than  if  they  had  been  left 
in  civil  life. 

2.  The  Height  and  Weight  of  the  Recruit. — ^The  desire  of  almost  all  military 
officers  is  to  get  tall  men.  The  most  favoured  regiments,  especially  the  cavalry, 
get  the  tallest  men.  It  has  been  recommended  both  that  shorter  men  should 
be  generally  taken,  and  that  the  infantry  should  have  the  tallest  men.  The 
last  point  is  one  for  military  men  to  determine,  and  must  be  decided  by  con- 
siderations of  the  respective  modes  of  action  of  cavalry  and  infantry. 

The  first  point  is  entirely  physiological,  and  opens  a  difficult  question. 

What  is  the  height,  at  18  years  of  age,  which  is  attended  with  the  greatest 
amount  of  health,  strength,  and  endurance,  or  is  it  possible  to  fix  such  a 
standard  ? 

Tables  of  average  height  and  weight  have  been  compiled  by  Quetelet,  and 
much  used,  and  lately  somewhat  similar  tables  have  been  framed  by  Banson, 
Boyd,  and  Liharzikf 

With  regard  to  all  of  these  it  may  be  said  that  the  observations  (however 
numerous)  are  yet  too  few  for  such  a  large  question,  and  that  the  influence  of 
race  has  been  too  little  regarded. 

£oyd  gives  the  height  at  18  years  at  60*4  inches,  and  at  25  years  at  67 
inches,  and  Liharfik  at  the  same  ages  gives  64*17  and  68*9  inches.  The 
English  Army  Returns  (1860-67)  give  the  heights  of  the  recruits,  but  it 

♦  See  Aitken's  Growth  of  the  Recruit,  p.  87,  and  Quain's  Anatomy,  for  still  fuller  details. 
+  Liharzik's  number  professen  to  be  based  on  a  law  induced  from  great  numbers  of  measure- 
ments in  different  animab. 
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mufit  be  nnderstood  that  we  cannot  deduce  tibe  mean  height  of  the  population 
from  these  figures,  as  the  shorter  men  are  not  taken  as  recruits. 

Although  the  numbers  are  not  very  accordant,  we  maj  perhaps  assume  that 
at  18  the  average  height  will  be  something  near  64  or  65  inches,  and  the 
average  weight  124  fi>. 

But  the  difficulty  of  the  case  only  commences  here ;  taking  the  age  at  18 
(for  over  20  the  case  is  simple),  what  is  the  range  above  and  below  the  average 
which  is  consistent  with  perfect  health  and  growth  f  How  far  is  it  safe  to 
apply  an  average  to  an  individual  f  Will  not  an  excess  of  weight  and  height 
imply  that  an  individual  comes  of  a  laiger  race,  or  has  heea  better  fed  and 
nourished,  and  is  so  far  a  stronger  man  than  he  who  only  just  reaches  the 
average]* 

The  range,  in  fact,  appears  to  be  very  great,  .as  much  as  six  inches  abovB 
and  below  the  mean  (Danson) ;  t.e.,  a  boy  at  18  may  be  58  or  71  inches  tall 
But  are  these  extremes  consistent  with  perfect  health,  such  as  we  demand  in 
a  recruit  1    It  seems  very  doubtful  if  they  are. 

It  may  be  well  to  put  the  same  question  in  rather  a  different  way.  In  the 
English  army  the  minimum  height  has  been  always  (except  in  times  of  gr^ 
emergency)  above  the  mean  height  of  the  population  at  that  age.  Has  the 
State,  then,  secured  a  larger-framed  and  more  powerful  set  of  men  by  onlr 
taking  those  who  are  above  the  mean  height,  or  has  it  unnecessarily  limited 
its  choice  ? 

The  experience  of  other  armies  cannot  answer  this  question.  The  French 
height  of  infantry,  which  was  (before  1868)  61^  English  inches,  or  2^  belov 
the  mean,  is  now  60^,  or  3^  below  the  mean.  The  Austrian  height  for 
infantry  is  61  inches;  in  the  German  army  the  least  height  (in  English 
inches)  of  the  recruits  for  the  cuirassiers  is  65 '7  inches,  and  tiie  greatest  68*9 
inches ;  for  the  light  cavalry  (hussars  and  dragoons),  the  least  height  is  63*8, 
the  greatest  67*7  inches.  In  the  Jager  battalions  the  height  is  61*8  inches 
(English),  and  not  more  than  68*9  inches.  In  the  infantry  (not  Jager)  the 
least  height  is  61*8  inches.!  ^  ^^^  Northern  American  army  the  height  of 
the  infantry  was,  in  1863,  fixed  at  63  inches  (Hammond),  but  men.  were 
really  taken  as  low  as  60  inches.  | 

It  is  therefore  clear  that  the  great  military  nations  go  2  inches  or  even 
more  below  the  mean  height  of  the  population  at  the  recruiting  age,  and  find 
no  injury  to  the  quality  of  their  soldiers,  and  it  would  certainly  appear 
unnecessary  that  the  English  should  fix  their  standard  (as  has  been  sometimes 
done)  at  1  inch  above  the  mean  heig]|^t  for  infantry,  and  2  or  4  inches  for 
cavalry.  But  this  does  not  settle  the  question,  as  it  may  still  be  argued  that 
the  taUer  men  are  most  desirable  when  they  can  be  procured,  although  shorter 
men  may  answer  very  well  when  others  cannot  be  obtained  I  really  know 
of  no  good  evidence  which  can  settle  this  question. 


*  M.  Bernard  (Rec.  de  Mem.  de  M^.  Mil.  Mai  1868,  p.  871)  gives  the  mean  ase  of  400 
of  the  foot  Chasseurs  of  the  Gnard  as  80}  years  ;  the  mean  circumference  of  the  chest  34*6 
inches ;  the  mean  height  64 '8  inches ;  and  the  mean  weight  142'4  lb  avoir.  There  were  only  9 
men  between  18  and  21  years  of  affe  ;  the  mean  girth  was  83  inches,  the  height  66  inches,  ud 
the  weight  188  lb  avoir.  So  that  those  9  men  were  actually  taller  than  the  mean.  This  shows 
how  small  numbers  might  mislead. 

f  Below  this,  none  are  taken,  except  for  service  without  arms.  Law  of  8th  Sept.  1875,  see 
Both,  and  Lex.  op.  cit.  Bd.  iii.  p.  161. 

X  The  minimum  height  of  the  Boman  soldier  in  the  time  of  Vesetius  was  64 '8  inches  ;  tlii< 
was  nearly  3  inches  below  the  minimum  height  in  the  time  of  Marius.  As  armies  increased 
in  proportion  to  the  population  the  minimum  necessarily  diminished  ;  in  1691  the  minimuBi 
for  French  Infantry  was  Im.  705  (67*2  inches)  in  time  of  peace,  and  Im.  678  (66  inches)  in  time 
of  war.  By  1818  it  had  fallen  to  Im.  62  (59'9  inches) :  in  1818  it  was  Im.  57  (61*8  inches), 
since  which  time  it  has  fluctuated  between  Im.  56  (68  inches)  and  Im.  ^  (60|  inches)  at  whidi 
it  at  present  stands,  see  Morache,  op.  cU.  p.  87. 
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The  best  rale  to  goids  tis  is  that  given  by  Dr  Aitken,  viz.,  to  take  into 
consideration  the  three  points  of  age,  height,  and  weight,  and  if  either  in 
weight  or  height,  or  both  together,  there  is  any  groat  divergence  from  the  mean, 
then  something  wrong  will  probably  be  found.  But  as  long  as  weight  and 
height  are  in  accoid,  the  taller  and  heavier  the  man  the  better,  as  a  rula 

One  point  is,  however,  quite  clear.  When  the  height  is  much  below  tho 
mean,  the  bodily  development  generally  is  bad.  Hammond  states  that,  in 
the  American  war,  men  of  less  than  5  feet  have  broken  down  by  a  few  weeks' 
campaigning,  while  men  of  5  feet  have  stood  the  work  welL  Probably  62 
inches  at  18  years  of  age,  and  112  fi>  to  116  fi>  weight,  should  be  a  minimum, 
even  in  times  of  the  greatest  pressure.  So  also  a  very  great  height  at  18 
years  of  age  is  objectionable,  and  anything  over  67  inches  at  that  age  should 
be  looked  on  with  great  suspicion.  Aa  a  rule,  also,  adult  men  of  middle  sue 
(67  to  69  inches)  appear  to  bear  hard  work  better  than  taller  men."*^ 

With  regard  to  weight  alone,  the  rule  is  simple.  Unless  there  be  any  great 
disproportion  in  height,  the  heavier  the  recruit  is  the  better;  this  wiU  be 
found  a  rule  with  very  few  exceptions. 

3.  The  Physical  Training  of  the  Recruit — ^A  great  improvement  has  been 
introduced  by  the  late  order  that  each  recruit  shall  have  three  months' 
gymnastic  training.  If  properly  done,  this  will  have  a  most  beneficial  effect. 
The  medical  officer  wiU  have  power  to  continue  this  if  necessary,  and  caro 
should  be  taken  to  use  this  power  (see  chapter  on  Gtmnastio  Training  for 
the  points  to  be  attended  to  by  the  medical  officer). 

4.  The  Mental  Training,— Qxace  the  introduction  of  rifle  practice,  the 
trade  of  the  soldier  has  become  much  moro  interesting  to  him ;  he  is  now 
taught  scientifically  how  to  manage  his  arm,  and  learns  to  take  interest  in  his 
shooting.  It  would  be  most  desirable  to  give  him  some  knowledge  of  the 
Mihtary  Art,  and  of  the  object  of  the  manoeuvres  he  goes  through.  A 
military  literature  fitted  for  the  private  soldier  is  still  wanting.  It  is  also  very 
important  to  train  him  for  the  field,  and  to  teach  him  to  perform  for  himself 
all  the  offices  which  in  time  of  war  he  will  have  to  do — ^not  merely  trench 
work,  but  hutting,  cooking,  washing  and  mending  his  clothes,  as  in  time  of 
war  (see  War).  It  is  too  late,  at  the  commencement  of  a  campaign,  to  b^n 
these  necessary  parts  of  a  soldier's  education  ;  they  should  form  part  of  his 
training  as  a  recruit ;  and  if  he  is  excused  guard  and  other  duties  during  his 
fibrst  year,  there  would  be  ample  time. 

Great  attention  is  now  being  directed  to  the  importance  of  soldiers  keeping 
up  their  trades,  or  learning  some  trade  if  they  have  none.  Such  a  system 
occupies  men,  makes  them  contented,  keeps  them  from  dissipation,  and 
opens  a  career  for  them  when  they  leave  the  army.  Instead  of  interfering 
with  their  military  training,  it  can  be  made  to  subserve  it,  and  possibly  might 
be  found  to  be  advantageous  to  the  State,  even  in  a  pecuniary  point  of  view. 
The  recruit  then  would  have  to  keep  up  or  learn  his  trade. 

6.  The  Moral  Training, — ^The  recruit,  on  entering  the  army,  is  brought 
under  moral  influences  of  a  strong  kind.  A  discipline  always  rigorous,  and 
sometimes  severe,  produces  often  a  ready  obedience  and  a  submission  of 
character,  and,  when  not  carried  too  far,  greatly  improves  him.  At  the  same 
time,  independence  is  preserved  by  the  knowledge  which  the  soldier  has  of 
his  rights  and  privileges,  and  the  result  is  a  manly,  conscientious,  and  fine 
character.     But  occasionally,  a  too  sensitive  nature  on  the  part  of  the  recruit. 


*  For  tome  lueful  information  on  these  points,  see  Morache,  op.  cit,  Roth,  and  Lex.  op.cit. 
and  Aagusbe  Jansen,  'Etades  sar  la  taillc,  le  p^rim^tre  de  la  poitrine  et  le  ^laids  des  recrnes, 
Extrut  des  AiehivM  MMicales  Beiges,  1877. 
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or  a  discipline  too  harsli  or  capricious  on  the  part  of  his  officers,  produces  very 
different  results,  and  the  soldier  becomes  cunning,  artful,  and  false,  or  morose 
and  malicious.  The  two  characters  are  often  seen  well  marked  in  old  Boldieis^ 
and  no  contrast  can  be  greater  than  between  the  two.  A  heavy  responsibility 
rests,  then,  with  the  officers  of  the  army  who  have  power  thus  to  influence, 
for  good  or  evil,  natures  like  their  own. 

The  influence  of  companionship  is  also  brought  to  bear  on  the  recruit,  and 
is  fraught  with  both  good  and  eviL  The  latter  probably  predominates,  though 
there  are  many  excellent,  high-minded,  and  religious  men  in  the  army. 
Indeed,  in  some  regiments  the  proportion  of  steady  religious  men  is  perhaps 
beyond  the  number  in  the  analogous  class  in  civil  life.  But  if  the  influences 
be  for  bad,  the  recruit  soon  learns  some  questionable  habits  and  some  vices. 

Thus  he  almost  invariably  learns  to  smoke,  if  he  has  not  acquired  this  habit 
before.  It  is  indeed  remarkable  what  a  habit  smoking  tobacco  is  in  every 
army  of  Europe  ;  it  seems  to  have  become  a  necessity  with  the  men,  and 
arises  probably  from  the  amount  of  spare  time  the  soldier  has,  and  which  he 
does  not  know  what  to  do  with.  A  recruit^  on  joining,  finds  all  Ms  comrades 
smoking,  and  is  driven  into  the  habit. 

The  discussion  on  the  effects  of  tobacco  does  not  seem  to  have  led  to  any 
clear  conclusions.  The  immoderate  use  brings  many  evils  to  digestion  and 
circulation  especially.  But  no  great  evils  appear  to  result  from  the  moderate 
use,  though  no  good  can  be  traced  to  it.  In  moderation  it  has  not  been  proved 
to  lessen  appetite,  to  encourage  drinking,  or  to  destroy  procreative  power. 
But,  on  the  other  hand,  it  probably  lessens  bodily,  and  perhaps  even  mental 
activity.  It  is  certainly  remarkable  how  uniformly  the  best  trainers  prohibits 
its  use,  and  men  of  the  highest  physical  vigour  are  seldom,  I  believe,  great, 
and  often  are  not  even  moderate  smokers.  As  it  is  of  no  use,  and  indeed 
injurious,  by  bringing  men  under  the  thraldom  of  a  habit,  it  seems  very 
desirable  to  discourage  it.  But  in  the  army  it  seems  useless  to  fight  against 
this  custom,  nor  is  it  indeed  one  which  is  sufficiently  injurious  to  be  seiioudy 
combated,  except  for  one  reason.  In  time  of  war,  the  soldier  often  cannot 
obtain  tobacco,  and  he  then  suffers  seriously  from  the  deprivation.  The 
soldier  should  have  no  habits  which  he  may  be  compelled  to  lay  aside,  and 
which  it  would  pain  him  to  omit 

A  much  more  serious  matter  is  the  vice  of  drinking,  which  many  recmitB 
are  almost  forced  into,  in  spite  of  themselves.  The  discipline  of  the  army 
represses  much  open  drunkenness,  though  there  is  enough  of  this,  but  it 
cannot  prevent,  it  even  aids,  covert  drinking  up  to  the  very  edge  of  the  law. 
Formerly,  a  most  lamentable  canteen  custom  made  almost  every  man  a 
drunkard,  and  a  young  boy  just  enlisted  soon  learned  to  take  his  morning 
dram,  a  habit  which,  in  civil  life,  would  mark  only  the  matured  drunkard. 
Kow,  happily,  spirits  are  not  sold  in  the  canteens,  and  no  regulation  thrusts 
raw  spirits  down  a  man's  throat  Drinking  is,  however,  still  the  worst  vice 
in  the  army,  and  that  which  strikes  most  of  all  at  the  efficiency  of  the  soldier. 
Great  efforts  have  been,  however,  made  by  the  mihtary  authorities  to  check 
this  vice,  and  I  believe  there  is  little  doubt  that  the  army  is  gradually  becom- 
ing mere  temperate. 

Another  vice  is  almost  as  certainly  contracted  as  smoking  by  the  recruit 
Probably,  before  enlistment,  he  has  led  no  very  pure  life,  but  when  he  enters 
the  army,  he  is  almost  sure  to  find  his  moral  tone  higher  than  that  of  some 
of  his  new  associates.  A  regiment,  in  fact,  is  composed  of  young  men  with 
few  scruples  and  small  restraints.  Prevented  from  marriage,  and  if  of  long 
service,  not  able,  indeed,  to  look  forward  to  it ;  often  tempted  by  low  prosti- 
tutes, it  is  no  wonder  if,  to  the  extent  of  his  means,  the  soldier  induces  in 
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promiBcuous  sexual  intercourse.  He  does  this,  in  fact,  to  excess,  and  the 
young  recruit  is  led  at  once  into  similar  habits.  That  many  recruits  are  most 
serioujBly  injured  by  this  habit^  even  if  they  neither  contract  syphilis  nor 
gonorrhoea,  is  certain.     The  remedies  have  abeady  been  discussed. 

It  has  also  been  supposed  that  solitary  vice  is  particularly  rife  in  armie& 
I  am  unaware  of  any  evidence  on  this  point. 

6.  The  Amount  of  Sickness  and  Mortality  suffered  hy  the  Recruit  during 
the  First  Six  Months  and  Year  of  Service. — ^This  is  an  extremely  important 
matter,  but  at  present  we  are  not  able  to  answer  the  question  for  the  English 
army. 

In  the  French  army,*  the  amount  of  sickness  among  soldiers  under  one 
year  of  service  is  more  than  one-third  greater  than  among  the  army  generally ; 
this  id  partly  caused  by  slight  injuries,  though  not  solely,  for  the  admissions 
to  hospital  are  nearly  one-fourth  more  among  them  than  in  the  army  at 
laige. 

< 

*  Statistique  M6dicale  de  F Ann^  pendant  TAon^  1862.    Pariii,  1864^  p.  11.    Ibid,  pendant 
]fi8  Aun^  1863,  4,  6,  and  6. 
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CHAPTER  Ti 

THE  CONDITIONS  UNDER  WHICH  THE  SOLDIER 

IS  PLACED. 

Thesk  oonditioiia  are  extremely  Tacbiia^  as  the  acddier  sores  m  so  maaxj 
statioBSi  but  the  chief  points  common  to  all  can  be  passed  in  reyiew. 

The  water  and  air  supplies  have  been  already  sufficiently  noticed  (p.  2  and 
pp.  140  and  165),  and  the  conditions  now  to  be  noticed  undor  whjdi  the 
soldier  is  placed  are  baixacks^  huts,  tents,  and  encampments;  the  food, 
clothing,  and  work. 

SECTION  L 
BARBACKa 

Barracks  have  been  in  our  army,  and  in  many  armies  of  Europe  stiU  aiey  a 
fertile  source  of  illness  and  loss  of  service.  At  all  times  the  greatest  care  is 
necessary  to  counteract  the  injurious  effects  of  compressing  a  number  of 
persons  into  a  restricted  space.  In  the  case  of  soldiers,  the  compression  has 
been  extreme  ;  but  the  counteracting  care  has  been  wanting.  It  is  not  more 
than  forty  years  since,  in  the  West  Indies,  the  men  slept  in  hammockB 
touching  each  other,  only  23  inches  of  lateral  space  being  allowed  for  each 
man.  At  the  same  time,  in  England,  the  men  slept  in  beds  with  two  tien, 
like  the  berths  in  a  ship ;  and  not  unfrequently,  each  bed  held  four  men. 
When  it  is  added,  that  neither  in  the  West  Indies^  nor  in  the  home  service, 
was  such  a  thing  as  an  opening  for  Yentilation  ever  thought  of,  the  state  of 
the  air  can  be  imagined. 

The  means  of  removal  of  excreta  were,  even  in  our  own  days,  of  the  rudest 
description,  both  at  home  and  in  many  colonies ;  and  from  this  cause  alone 
there  is  no  doubt  that  the  great  military  nations  have  suffered  a  loss  of  men 
which,  if  expressed  in  money,  would  have  been  sufficient  to  rebuild  and 
purify  every  barrack  they  possess** 

*  It  U  a  most  remarkable  eiieomataiioe,  that  the  two  dueaaee  which,  in  the  Fiencby  PnusiaBy 
HaBOverian  and  Belgian  armies,  and  probably  in  the  Aus^an,  and,  till  lately,  in  our  own 
army,  cansed  the  largest  share  of  the  mortality,  were  a  destructiTA  lung  disease,  tennsd  phthisis 
in  the  returns,  and  typhoid  fever. 

The  production  of  disoiganising  lung  disease  (though  oeeuiring  in  scYeral  other  ways)  is 
intimately  connected  with  the  constant  breathing  of  an  atmosphere  vitiated  by  resptntion  ;  and 
typhoid  fever  is  as  closely  related  with  bad  drainage.  Both  diseases  are  therefore  diseases  of 
habitations,  and  show,  in  the  case  of  the  soldier  (whoia  not  subjected  to  other  causes  of  phthisis 
such  as  inaction,  constrained  poeition,  and  inhalation  of  dust,  &c.),  that  the  air  of  faia  a  welling 
is  foul.  In  hot  climates  the  same  nile  holds  good.  Is  it  not  a  remaH»ble  faet>  that  in  the 
West  Indies,  those  islands  of  paradise,  where  no  cold  inclement  wind  ever  vexes  the  tender 
lungs,  there  was,  twenty  or  thirty  years  ago,  an  extraordinary  mortality  from  consumption,  and 
from  a  continued  fever,  which  in  all  promibility  was  typhoid  II  Yet  who  can  wonder,  when  ve 
find,  in  the  Windward  and  Leeward  command,  the  very  best  bovrack,  in  1827,  gave  only  this 
amount  of  accommodation :  the  men  slept  in  hiunmodcs  tonching  each  other ;  ^e  average  ^>ace 
allowed  to  each  man  measured  only  23  mches  in  breadth ;  and  the  total  evbic  space  per  nead, 
in  this,  the  best  barrack  in  a  tropical  climate,  was  only  250  eubk  feet.  The  air  was,  of  course^ 
putrid  in  the  hiohast  degree. 

8o  also  *  -^  writer  on  the  means  of  presenring  the  laealth  of  tioopa  in  ladla 
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*  Sub-Sbction  L — Babbaoes  on  Homb  Sbbvicb.* 

The  imperfection  of  the  English  barracks  was  owing  to  two  causes — ^first, 
a  great  disregard  or  ignorance  of  the  laws  of  health ;  and,  secondly,  an  indis- 
position on  the  part  of  Parliament  to  vote  sums  of  money  for  a  standing 
army.  At  the  close  of  th^  last,  and  at  the  commencement  of  the  present 
century,  the  Whig  party  especially  opposed  every  grant  which  Mr  Pitt 
brought  forward  for  this  purpose.!  After  the  great  war,  the  exhaustion  of 
the  nation  prevented  anything  being  done,  and  in  spite  of  the  representations 
of  many  military  men,  comparatively  little  change  occurred  till  the  Crimean 
War.  In  1855,  a  committee,  |  of  which  Lord  Monck  was  chairman,  was 
appointed  by  the  War  Office  to  consider  this  subject,  and  presented  a  most 
excellent  Eeport  on  Barracks,  the  suggestions  of  which  have  been  since 
gradually  earned  out  Immediately  after  this,  a  Barrack  Improvement  Com- 
mission§  was  organised,  and  in  1861  this  Commission  published  a  Blue 
Book,  which  not  only  contained  plans  and  descriptions  of  the  existing 
baj^cks  and  hospitals,  but  laid  down  rules  for  their  construction,  ventilation^ 
and  sewerage,  for  future  guidance.  It  is  difficult  to  speak  too  strongly  of  the 
excellence  of  this  Eeport,  and  if  its  rules  are  attended  to,  there  can  be  no 
doubt  the  British  army  will,  as  far  as  habitations  are  concerned,  be  lodged  in 
healthier  dwellings  than  almost  any  class  of  the  community.  ||  I  must  refer 
to  this  report  for  a  fuller  account  of  the  older  barracks  and  hospitals  than  can 
be  given  here.1I 

(Br  Chevers),  does  not  hesitate  to  assert  that  faulty  barracks  are,  though  not  the  only,  yet  a 
great  cause  of  a  mortality,  which,  in  a  term  of  years,  has  been  at  least  fourfold  more  than  at 
home.  Phthisis  and  typhoid  fever  hold  a  subordinate  place  (though  it  is  not  unlikely  that 
their  frequency  is  underrated) ;  but  other  diseases  appear,  which  are  in  part  connected  with 
faulty  barrack  arrangements,  such  as  dysentery  and  cholera. 

In  India,  as  in  England,  no  expense  has  of  late  years  been  spared ;  but  yet  the  fact  remains, 
that  the  yeiy  habitations  erected  for  their  shelter  and  comfort  have  proved  to  the  soldiers  a 
source  of  suffering  and  death. 

*  Army  medical  officers  are  referred  to  an  admirable  paper  by  Dei>utT-Inspector-General 
Dr  Massy,  on  the  Gonstructioc  and  Ventilation  of  Barracks  and  Hospitals  (Army  Med.  Dep. 
Report,  vol.  vi.  p.  229). 

•f  On  looking  through  the  Annual  Register,  I  find  that  Fox,  as  well  as  his  followers,  spoke 
strongly  a^inst  the  grant  of  sums  of  money  for  improving  barracks.  Their  motives  were  good 
and  their  jealousy  of  a  standing  army  justified  by  what  nad  gone  before,  but  the  result  has 
been  most  uafortiinate  for  the  soldier. 

t  Report  of  the  Official  Committee  on  Barrack  Accommodation  for  the  Army,  Blue  Book 
1855. 

§  Mr  Sydney  Herbert,  Drs  Sutherland  and  Burrell,  and  Captain  Gallon,  were  the  first 
Barrack  and  Hospital  Improvement  Commissioners.  Lord  Herbert  did  not  sign  the  first 
Report,  as  he  became  Minister  of  War.  Dr  Burrell  retired.  The  remaining  Commissioners 
(Dr  Sutherland  and  Captain  Galton)  subsequently  published  the  Report  on  the  Mediterranean 
and  other  Barracks. 

|]  General  Report  of  the  Commission  appointed  for  improTing  the  sanitary  condition  of  Bar« 
racks  and  Hospitals,  1861. 

^  The  Hoapual  AeguUUioTiB.'—The  Director-(3eneral  is  to  be  consulted  on  the  plans  and  site 
of  any  new  banmck. 

The  Surgeon-General  or  Deputy  Suigeon-General  is  ordered  to  see  that  all  regulations  for 
protectine  health  in  barracks  are  earned  out.  He  makes  a  monthly  inspection,  examining 
into  ventflation,  warming,  lighting,  latrines,  closets,  and  all  other  points. 

The  regimental  medieal  officer  performs  the  same  duties.  He  is  also  especially  ordered  to 
see  that  every  soldier  has  a  separate  bed ;  that  the  beds  are  not  placed  at  a  less  alstance  than 
6  inches  from  the  wall ;  that  the  beds  are  aired  every  morning  for  at  least  an  hour  ;  that  the 
windows  are  opened  in  the  morning  as  soon  as  possible,  and  kept  open  as  &r  as  weather  and 
aeason  will  permit.    The  walls  and  ceilings  are  ordered  to  be  limewashed  twice  a-year. 

Each  man  is  allowed  600  cubic  feet  of  space,  and  the  number  of  men  located  in  each  barrack 
Toomtis  to  be  painted  on  ihe  door.  This  is  a  most  important  rule,  which  should  be  strictly 
enforced ;  if  it  is  not  so,  it  is  to  be  stated  in  the  Annual  Report.  No  regulation  is  made  as  to 
superficial  space,  and  it  will  vary  with  the  height  of  the  barrack  room ;  from  56  to  60  square 
feet  is  the  average. 
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Infantry  Barrcicks. 

Block  Plan, — ^Fonnerly  a  number  of  men,  even  a  whole  regiment,  were 
aggregated  in  one  large  house,  and  this  was  often  built  in  the  form  of  a  square 
(a  plan  originated  by  Vauban),  the  quarters  for  the  officers  forming  one  aide, 
on  account  of  the  ease  of  surveillance.  Many  officere  still  prefer  this  form. 
But  it  is  always  objectionable  to  have  an  inclosed  mass  of  air,  and  if  it  is 
adopted  the  angles  should  be  left  open,  as  recommended  by  Robert  Jackson. 
The  Barrack  Improvement  Commissioners  have  very  justly  recommended  that 
there  shall  be  division  of  the  men  among  numerous  detached  buildings  ;  and 
instead  of  the  square,  that  the  separate  buildings  shall  be  arranged  in  Hnes, 
each  bmlding  being  so  placed  as  to  impede  as  little  as  possible  the  movement 
of  air  on  the  other  buildings,  and  the  incidence  of  the  sun's  ray& 

In  arranging  the  linesT^e  axis  of  the  buildings  should  be  if  possible 
north  and  south,  so  as  to  allow  the  sun's  rays  to  fall  on  both  sides.  One 
building  should  in  no  case  obstruct  air  and  light  from  another,  and  each 
building  must  be  at  a  sufficient  distance  from  the  adjoining  house,  and  this 
distance  should  not  be  less  than  its  own  height,  and  if  possible  more. 

Farts  of  a  Barrack, — 1.  The  barrack  room,  with  non-commissioned  officers' 
rooms  screened  off.  2.  Quarters  of  the  married  privates — seven  to  each 
company.  3.  Quarters  of  the  staff-sergeants  and  sergeants'  mess.  4 
Quarters  of  the  officers.  5.  Kitchens.  6.  Ablution  room&  7.  Latrines  and 
urinals.  8.  Orderly-room;  guard-room.  9.  Cells.  10.  Tailora'  shop  and 
armoury ;  commissariat  stores ;  canteen.  1 1.  Beading-room  (in  many 
barracks)  ;  schools ;  magazine. 

It  is  unnecessary  to  describe  all  these  buildings 

The  old  barracks  are  of  all  conceivable  forms  and  kinds  of  construction, 
for  details  of  which  I  refer  to  the  Commissioners'  Eeport 

When  new  barracks  are  built^  the  plans  of  the  Commission  will  be 
followed. 

(a)  Barrack  Rooms. — ^The  size  and  shape  of  the  barrack  room  wiU  decide 
the  kind  of  buildings.  The  Barrack  Committee  of  1855  recommended  that 
each  room  should  accommodate  twelve  men,  or  one  squad,  as  this  is  most 
comfortable  for  the  men ;  but  small  rooms  of  this  size  are  more  difficult  to 
arrange,  and  it  is  now  considered  best  to  put  twenty-four,  or  one  section,  in 
each  room. 

The  Barrack  Improvement  Commissioners'  recommendations  may  be  con- 
densed as  follows : — 

The  rooms  are  directed  to  be  narrow,  with  only  two  rows  of  beds,  and 
with  opposite  windows — one  window  to  every  two  beds.  As  each  man  is 
allowed  600  cubic  feet  of  space,  and  as  it  is  strongly  recommended  that  no 
room  shall  be  lower  than  12  feet,  the  size  of  a  room  for  24  men  will  be — 
length  60  feet,  breadth  20  feet,  height  12  feet.  This  size  of  room  will  give 
14,400  cubic  feet,  or  (600  x  24)  enough  for  24  men  ;  but  as  the  men's  bodies 
and  furniture  take  up  space,  an  additional  2  feet  has  been  allowed  to  the 
length  in  some  of  the  new  barracks.  Assuming  the  length  to  be  62  feet,  the 
superficial  area  for  each  man  will  be  nearly  52  feet,  a  little  more  than  5  feet 
in  the  length  and  10  in  the  width  of  the  room.  At  one  end  of  the  room  is 
the  door,  and  a  room  for  the  sergeant  of  the  section,  which  is  about  14  feet 

The  Queen's  Reffulations  for  the  Aimy  order  the  officer  of  the  day  to  see  to  tiie  ventilatioii 
and  cleanlinesa  of  barracks. 

Barracks  are  ordered  to  be  washed  onoe  a-week,  and  no  more  water  is  to  be  used  than 
necessary.    On  intermediate  days  the  rooms  are  dry-scrubbed. 
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long,  10  wide,  and  12  high.     At  the  other  end  is  a  narrow  passage  leading  to 
an  ablution  room,  one  basin  being  provided  for  4  men^  and  a  urinaL 

Such  is  the  present  arrangement  of  a  single 
barrack  room,  and  it  is  difficult  to  conceive  a 
better  plan,  unless  it  might  be  suggested  that  an 
open  verandah,  never  to  be  made  into  a  corridor, 
should  be  placed  on  the  south  or  west  sida  It 
would  be  a  lounging-place  for  the  men.  So  also 
a  cleaning-room  for  arms  and  accoutrements  would 
be  a  very  useful  addition. 

The  room  thus  formed  may  constitute  a  single 
hut,  but  if  space  is  a  consideration,  two  such 
rooms  are  directed  to  be  placed  in  a  line,  the 
lavatories  being  at  the  free  ends.  A  house  of 
this  kind  will  accommodate  half  a  company.  The 
several  houses  are  separated  by  an  interval  of  not 
less  than  25  feet.  For  the  sake  of  economy, 
however,  the  houses  will  in  future  be  frequently 
made  two-storyed,  so  that  one  house  will  contain 
a  company  in  four  rooms,  and  ten  will  suffice  for 
a  regiment 

The  three  following  plans  of  recently  erected 
barracks  show  the  arrangements  which  are 
adopted.  1^,  When  there  is  a  single  story,  as 
at  Colchester,  and  no  staircase  is  required. 

2dy  When  there  are  two  storys,  and  a  staircase 
must  be  introduced,  as  in  the  new  cavalry  barracks 
at  York. 

Zdy  When  there  are  not  only  staircases,  but  the 
barracks  must  be  extended  in  one  long  line,  in- 
cluding many  i-ooms,  and  when,  therefore,  the 
ablution  rooms  cannot  be  put  at  the  ends  of  the 
rooms,  but  must  be  placed  on  the  landings,  as  at 
Chelsea. 

If  10  houses  are  thus  formed,  and  arranged  so 
as  to  insure  for  each  the  greatest  amount  of  light 
and  air,  the  following  area  will  be  occupied  by 
these  houses  alone.  Each  house  (with  walls) 
would  measure  about  140  feet  long  and  22  broad, 
and  the  space  between  the  houses  may  be  taken 
at  64  feet^  or  twice  the  height  of  the  house.  The 
external  houses  would,  of  course,  have  clear  spaces 
on  both  sides  like  the  others,  "i  he  area  of  occu- 
pied and  unoccupied  space  would  be  very  nearly 
12  square  yards  to  a  man. 

But  this  amount  of  compression,  which  would 
be  injurious  in  a  large  city,  will  do  no  harm  in 
these  weU-planned  and  ventilated  barracks. 

(6)  Day -rooms, — The  soldier  lives  and  sleeps 
in  his  barrack  room ;  it  has  long  been  a  deside- 
ratum to  introduce  day-rooms,*  but  at  present  the 
expense  is  too  heavy.     StiU  it  is  very  important 
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Houses. 


*  See  Report  of  Committee  (1865),  p.  iv.    The  objections  to  day-rooms  are— 1«<,  More  labour 
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that  ihs  men  should  take  their  meals  elBewhere  tlian  in  their  b&rmck  room, 
and  in  some  bairacka  a  room  is  provided  close  to  the  kitchen.    The  addition 


Fig.  lOtL—New  QiT«li7  Bamcki  kt  York.         Fig.  lOfl.—Nmr  Chelua  Bunck^ 

to  keep  clean  ;  2rf,  Chance  of  men  heina  debarred  from  tbait  barrack  room  during  day  ; 
CIiaQca  of  day-raom  being  appropriated  on  emeTi^encios.  The  Committee,  thsrefora.  Tea 
•nend  only  dining-KxAua  foi  the  men,  to  be  airuiged  near  the  kitchen,  if  poaeible. 
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of  a  few  verandabs  to  the  rooms  would  be  less  expensive ;  and  if  leading- 
looms  were  provided,  some  of  the  purposes  of  day-rooms  would  be  obtained, 
(c)  Non-Commissioned  Officer^  Booms, — ^The  Seijeant-major  and  Quarter- 
master-serjeant  are  entitled  to  two  rooms  and  a  kitchen;  the  Paymaster- 
sergeant,  Hospital-sergeant,  Schoobnaster^seijeant^  and  some  others,  are 
entitled  to  two  rooms.  The  company  seijeants  have  one  room  eacL  The 
rooms  are  about  14  feet  by  12,  and  10  high,  and  contain  about  1680  cubic 
feet  when  empty.  The  amount  of  space  is  small,  and  as  many  of  these  non- 
commissioned officers  are  married,  and  as  it  is  a  matter  of  justice  no  less  than 
of  policy  to  make  them  as  comfortable  as  possible,  it  is  to  be  hoped  that  two 
rooms  may  be  allowed  to  every  married  man,  and  three  in  the  case  of  all  the 
senior  non-commissioned  officers.  The  non-commissioned  officers  should  be 
looked  on  in  the  light  of  the  overlookers  of  a  factory ;  they  are  even  more 
essential  to  the  good  working  of  the  army  than  the  overlookers  are  in  a  t^'H  ; 
but  no  married  overlookers  would  ever  conceive  the  possibility  of  living  in 
two  rooms,  in  one  of  which  cooking  must  be  done. 

(d)  Married  Soldiert^  Quarters. — Seven  privates  in  a  company  of  100  men 
are  allowed  to  be  married.  Formerly  they  were  placed  in  the  men's  barracks, 
a  space  being  screened  off,  but  now  they  are  entitled  to  separate  quarters, 
each  family  receiving  one  room  14  feet  by  12,  or  168  superficial  and  1680 
cubic  space. 

There  is  no  doubt  that  this  allowaiice  of  space  will  be  increased  in 
accordance  with  the  general  feeling  of  the  time,  which  is  strongly  against  the 
mixing  up  adults  and  children  of  all  ages  in  the  same  room.  The  amount  of 
space  also  is  really  much  too  smaU.  Certainly  two  such  rooms  ought  to  be 
given  to  each  married  private. 

Warming  of  Barrack  Booms. — ^The  rooms  are  warmed  by  Galton  grates  in 
two  ways — ^radiant  heat  from  an  open  fire,  and  warm  air,  which  is  obtained 
from  an  air-chamber  behind,  and  heated  by  the  fire.  The  external  air  is  led 
by  a  pipe  to  this  chamber,  and  then  ascending,  enters  the  room  by  a  louvre. 
The  grates  are  of  various  sizes,  according  to  the  size  of  the  room.  Smallest 
— 1  foot  3  inches  of  fire  opening  for  rooms  of  3600  cubic  feet  Middle — 1 
foot  5  inches  for  rooms  of  3600  and  9800  cubic  feet  Largest — 1  foot  9 
inches  up  to  12,000  cubic  feet.  Large  rooms  have  two  grates.  One  grate  is 
usually  provided  for  twelve  men. 

The  radiating  power  of  the  small  barrack  grate  is  aided  by  a  well-arranged 
angle,  and  by  a  fire-day  back  ;  as  the  fire  is  small,  however,  the  radiating 
power  is  not  great 

Li  the  wards  of  Fort  Pitt,  with  the  largest  size  of  grates,  the  mean  rapidity 
of  movement  of  warm  air  through  the  upper  slits  of  the  louvre,  with  a  good 
fire,  was  found  to  be  about  2^  feet  per  second,  and  the  total  cubic  amount  of 
warm  air  entering  per  hour  through  the  whole  louvre  was  (approximately) 
4600  cubic  feet  per  hour,  with  a  mean  temperature  of  19"  in  excess  of  the 
external  air-temperature.  "No  imusual  dryness  of  the  air  is  produced  by  the 
admission  of  this  quantity  of  warm  air,  the  relative  humidity  of  the  air  being 
about  70. 

The  movement  of  air  through  the  hot-air  louvres  is  not  regular ;  open  doors 
and  windows,  which  increase  the  pressure  of  the  air  of  the  room  on  the  louvre, 
will  sometimes  delay  the  movement,  and,  if  the  air-chamber  is  not  very  hot, 
will  even  reverse  it  and  drive  the  air  down,  as  the  rapidity  of  movement  in 
those  hot-air  chambers  is  never  very  great ;  but  in  cold  weather,  when  the 
doors  and  windows  are  shut,  the  action  is  tolerably  regular. 
Ventilation  of  Barrack  Booms. — (See  page  165). 
Ablution  Booms. — ^Formerly  the  means  for  washing  were  of  a  very  rude 
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kind,  but  now  in  the  new  barracks  regnlar  basins  with  clean  water  and 
discharge  dirty  water-pipes  are  provided  close  to  eveiy  room,  in  the  proportion 
of  one  basin  to  four  men.  The  basins  are  of  slate  or  iron.  In  several  cases 
basins  on  the  floor  have  been  provided  for  feet-washing,  and  in  some  instanoei 
there  are  also  baths  for  each  regiment  The  Barrack  Improvement  Com- 
missioners recommend  one  bath  to  every  100  men.  It  is  understood  to  he 
the  desire  of  the  Government  to  provide  plunge-baths  wherever  practicable^ 
and  this  would  not  only  aid  cleanliness,  but  might  be  made  the  means  d 
teaching  the  men  swimming,  as  suggested  by  Mr  McLaren. 

If  water  is  scarce,  the  most  economical  kind  of  bath  is  a  shower-bath,  so 
arranged  as  to  permit  80  to  100  men  to  have  a  bath  at  once. 

Inspections  for  cleanliness  are  made  in  many  regiments.  They  should  be 
systematically  carried  on  under  the  direction  of  good  non-commissioned  offioeis ; 
but,  if  means  are  provided,  soldiers  will  generally  be  cleanly. 

Kitchens. — ^Great  improvements  have  been  made  in  cooking  by  the  employ- 
ment of  better  ovens  and  boilers,  and  especially  by  making  use  of  steam,  as  in 
Warren's  cooking  stoves.  The  cost  of  fuel  per  head  has  been  greatly  reduced 
The  opinion  of  the  medical  officer  will  seldom  be  asked  on  the  question  of 
construction,  at  any  rate  on  home  service.  He  may,  however,  be  referred  to 
on  the  question  of  consumption  of  fuel,  and  then  he  can  take  as  the  standard 
for  an  ordinary  good  apparatus  |  fi»  of  fuel  per  man  per  diem. 

More  often,  however,  he  will  have  to  examine  the  cooking,  to  which 
reference  is  made  under  the  different  sections  in  the  chapter  on  Food.  The 
chief  points  tp  which  attention  should  be  paid,  are  the  temperature^ 
the  rapidity  of  its  application,  and  the  ventilation  of  roasting  ovens.  Faulty 
cooking  will  generally  be  found  to  be  owing  to  one  or  other  of  these  conditions. 
Formerly  the  regimental  cooking  establishment  was  badly  arranged  ;  men 
cooked  by  turns,  and  for  short  periods  only.  Now,  cooks  are  regularly  tzained 
at  Aldershot. 

The  other  parts  of  a  barrack  are — officers'  quarters ;  laundry  (in  some  cases) ; 
workshops  for  tailor,  shoemaker,  and  armourer  ;  orderly-room ;  guard-room  ; 
cells ;  reading-room  (in  some  cases)  ;  chapel  and  school,  which  are  often  in 
one  ;  magazine  ;  barrack-masters'  and  quarter-masters'  stores  for  regimental 
purposes,  bread,  and  meat. 

Guard-room, — ^The  gua^rd-room  for  a  regiment  of  1000  strong  has  a  size  of 
about  24  feet  by  18 ;  two  rooms  open  into  it — one  a  lock-up  for  prisoners,  the 
other  a  room  where  prisoners  are  placed  who  are  not  put  in  the  lock-up.  In 
many  barracks,  however,  the  lock-up  is  placed  near  the  cells.  The  guard- 
room is  ventilated  like  the  other  rooms,  with  Sheringham  valves,  shafts,  &c, 
M'Kinnell's  ventilator  is  well  adapted  for  it  It  should  be  fitted  with  a  dry- 
ing closet  by  the  side  of  the  Are,  to  dry  the  men's  clothes  when  they  oome  in 
wet  off  sentry. 

Cdh, — The  cells  are  ranged  on  one  or  both  sides  of  a  corridor.  They  are  10 
long,  6^  feet  wide,  and  9  high  ( «  605  cubic  feet),  with  one  window,  2  feet 
6  inches  wide  by  1  foot  3  inches  high,  placed  at  the  top  of  the  wall,  and 
guarded  by  iron  bars.  A  movable  iron  shutter  is  sometimes  added  for 
security,  and  to  make  the  bell  a  dark  one  if  needed.  Fresh  air  is  admitted 
through  a  grating  opening  from  the  corridor,  which  is  warmed.  The  air 
enters  below,  or  in  some  cases  above ;  but  the  former  arrangement  is  the  best 
A  foul-air  shaft  runs  from  the  top  of  the  room.  Two  cells  are  provided  for 
every  100  men.     A  medical  officer  inspects  the  cells  every  day. 

Latrines  and  Urinals, — Formerly,  urine  tubs  were  brought  into  barrack 
rooms  every  night ;  and  indeed  this  is  still  done  in  some  barracks.  The  tabs 
are  charred  inside,  and  emptied  every  morning,  and  filled  with  water  during 
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the  day.  In  all  new  barracks  urinals  are  introduced ;  they  are  placed  at  the 
■end  of  the  passage  beyond  the  ablution  room.  It  is  found  by  the  men  that 
this  is  inconvenient ;  the  passage  is  often  wet  and  cold.  If  the  urinal  is  full 
of  water  it  splashes ;  it  might  be  well  to  put  the  overflow-pipe  a  little  lower 
down.  It  has  been  recommended  to  put  a  small  pipe  and  stopcock  a  few 
inches  above  the  urinal,  so  that  the  men  may  cleanse  themselves,  and  in  this 
way  possibly  lessen  the  chances  of  syphilitic  infection. 

Cesspits  are  now  discontinued  in  most  barracks,  and  water  latrines  are 
used.  The  latrines  are  placed  at  some  little  distance  from  the  rooms,  and  are 
usually  connected  with  them  by  a  covered  way ;  in  almost  all  barracks  they 
are  Jenning's  or  Macfarlane's  patents.  These  are  metal  or  earthenware 
troughs,  which  are  one-third  full  of  water.  Twice  a-day  a  trap-door  is  lifted, 
the  latrine  is  flushed,  and  the  soil  flows  into  a  sewer  or  tank  at  a  distance. 
A  hydrant  is  now  frequently  placed  close  to  the  latrine ;  an  india-rubber  pipe 
can  be  connected  with  it,  and  the  seats  and  floor  of  the  latrine  are  thoroughly 
washed  in  this  way  twice  daily.  Probably  it  would  be  difficult  to  suggest 
anything  better  than  this,  although  soldiers  can  be  taught  to  use  water-closets 
like  other  people,  and  do  not  damage  them.  If  water-closets  are  used,  a  plan 
suggested  by  Mr  Williams,  C.K,  clerk  of  the  works  at  Gravesend,  seems  a 
very  good  one.  It  is  to  have  the  water-closets  at  the  top  of  a  two-storeyed 
building,  to  the  central  part  of  which  they  form  a  small  third  storey.  In  this 
way  the  following  advantages  are  secured  : — vicinity  to  the  men — ^under  the 
same  roof,  yet  with  perfect  ventilation ;  impossibility  of  effluvia  passing 
down  ;  proximity  to  the  cistern ;  and  a  good  falL  At  present,  however,  it 
seems  better  to  keep  to  the  water  latrines  outside  the  barracks. 

Cavalry  Barracks. 

In  many  cases  the  men's  rooms  are  placed  over  the  stables,  and  there  has 
been  much  discussion  as  to  whether  this  arrangement  is  a  good  one.  On  the 
one  hand,  the  men  get  more  room,  as  the  horses  cannot  be  crowded^  and  they 
are  near  their  horses.  On  the  other  hand,  there  is  strong  evidence  that  the 
effluvia  from  the  stables  pass  into  the  men's  rooms  overhead  ;*  and  although 
I  have  been  able  to  And  no  statistical  proof  that  this  has  produced  sickness 
among  the  men,  we  may  safely  a  priori  conclude  that  it  is  objectionable.  The 
evidence  of  mews  in  London  is  not  in  pointy  as  they  are  often  close,  ill- 
ventilated  courts,  independent  of  the  stables  in  them.  Besides,  this  evidence 
is  as  yet  rather  contradictory. 

The  question  has,  however,  been  solved  by  a  "  Eeport  on  the  Ventilation 
of  Cavabry  Stables  "  (1863),t  by  the  Barrack  Improvement  Commissioners, 
who  have  shown^that  the  ventilation  and  lighting  of  stables  can  only  be  satis- 
factorily carried  out  in  one-storeyed  buildings,  and  who,  therefore,  recommend 
that  the  men's  rooms  shall  not  be  placed  over  stables. 

Stables, — The  medical  officer  has  no  duties  connected  with  stables,  except 
to  see  that  they  are  in  no  way  injurious  to  the  health  of  the  men ;  but  it  may 
be  well  to  give  the  suggestions  lately  made  by  the  Barrack  Improvement 
Commissioners. 

In  all  the  old  stables,  if  it  is  not  already  done,  ventilating  shafts  are  to  be 
carried  up,  air-bricks  introduced,  and  more  window  space  to  be  given. 

Whenever  stables  are  to  be  built  in  future,  it  is  recommended  that  the 

*  See  etpeciAlly  the  evidence  of  Mr  Wilklnsen,  Principal  Veterinaxy  Soigeon  to  the  Army ; 
Beport  of  &rrack  Committee  (1856),  p.  136;  question  22i82 ;  also  the  Report  on  the  Veotila- 
tion  of  CavalxT  Stobles  (1863). 

f  Report  of  Barrack  and  Hospital  Improvement  Commission,  sign  '  by  Sir  Richard  Aiiey, 
Captain  Galton,  Dr  Sutherland,  I>r  liOgan,  and  Captain  Belfiela. 
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building  should  be  one-storyed;  that  the  breadth  should  be  33  feet;  the 
height  of  the  side  waUs  to  the  spniig,  12  ;  and  of  the  loof,  8^  feet  more.  The 
breadth  of  each  stall  is  to  be  5^  feet,  and  there  are  onlj  two  rows  of  horses 
in  each  stable.  Each  horse  is  to  have  100  superficial  feet»  and  1605  cubic 
feet ;  the  ventilation  is  by  the  roof,  and  is  formed  by  a  louyre  16  inchee  wide 
carried  from  end  to  end,  and  giving  4  square  feet  of  ventilating  outlet  far 
each  horse.  A  course  of  air-bricks  is  carried  round  at  the  eaves,  giving  1 
square  foot  of  inlet  to  each  horse ;  an  air-brick  ia  introduced  about  6  inches 
from  the  ground  in  every  two  stalls.  There  is  a  swing  window  for  eveiy 
stall,  and  spaces  are  left  below  the  doors*  In  this  way,  and  by  attention  to 
surface  drainage  and  roof  lighting,  it  is  anticipated  that  stables  will  become 
perfectly  healthy.  Some  experiments  were  made  some  years  ago  by  Dr  de 
Chaumont  on  the  air  of  some  artillery  stables  at  Hilsea.  In  one  stable,  with 
32  ventilators,  and  with  655  cubic  feet  per  horse,  the  CO^  was  1  '053  volumes 
per  1000 ;  in  another,  with  1000  cubic  feet  per  horse,  and  with  420  air-bricks, 
25  windows,  and  a  ridge  opening,  it  was  *573  volumes  per  1000.  The  last 
experiment  shows  great  purity  of  the  air. 

Reports  on  Barracks, 

The  Begulations  order  the  form  in  which  reports  on  barracks  shall  be  sent 
in.  The  arrangements  should  be  strictly  followed ;  it  comprehends  site,  con- 
struction, external  ventilation,  internal  ventilation,  basements,  and  administnh 
tion.  It  is  then  certain  that  no  point  will  be  overlooked ;  and,  if  nothing  can 
be  made  out  after  going  thoroughly  through  all  the  headings,  it  may  be  con- 
cluded that  the  cause  of  any  prevailing  sickness  must  be  sought  elsewhere^ 
The  site  and  basement  should  be  especially  looked  at ;  every  cellar  should  be 
entered,  and  the  drainage  thoroughly  investigated.  Little  can  be  learned  by 
merely  walking  through  a  barrack  room,  which  is  nearly  sure  to  look  clean, 
and  may  present  nothing  obviously  wrong.  With  respect  to  ventilation,  the 
statements  of  soldiers  can  seldom  be  trusted ;  they  are  accustomed  to  vitiated 
air,  and  do  not  perceive  its  odour.  The  proper  time  to  examine  the  air  of  a 
room  is  about  12  to  3  A.H.,  and  the  medical  officer  should,  accordingly,  visit 
barrack  rooms  between  midnight  and  3  a.il  every  now  and  then.  The 
cisterns  should  be  regularly  inspected. 

The  walls  and  floors  of  the  rooms  should  be  carefully  looked  to.  Walls  are 
porous,  and  often  become  impregnated  with  oiganic  matter.  If  there  is  any 
suspicion  of  this,  they  should  be  scraped  and  then  well  washed  with  quicklime. 
The  medical  officer  should  see  that  the  lime  is  reaUy  caustic ;  chalk  and  water 
does  little  good.  Collections  of  dirt  form  under  the  floors  sometimes,  and  a 
board  might  be  taken  up  to  see  if  this  is  the  case, 

Sub-Sbcton  n. — Babrackb  in  Forts  and  CrrADEUL 

In  fortified  places  it  is,  of  course,  often  impossible  to  foUow  the  examples 
of  good  banackis  just  given.  Citadels  may  have  little  ground  space  \  buildings 
must  be  compressed,  guarded  from  shot,  made  with  thick  and  bomb-pioof 
walls,  with  few  openings.  Buildings  are  sometimes  undeiground.  Drainage 
is  often  difficult,  or  impossible ;  and  if  to  all  these  causes  of  contamination 
of  air  we  add  a  deficiency  of  water,  which  is  common  enough,  it  will  not  sur- 
prise us  that  the  sickness  and  mortality  in  forts,  in  even  healthy  locaKties, 
are  greater  than  should  be  the  case.  Both  at  Malta  and  Gibraltar  there  has 
for  years  been  too  large  a  mortality  from  typhoid  fever,  and  from  the  destruc- 
tive lung  diseases,  which  appear  in  the  returns  as  phthisis.  The  special  diffi- 
culties of  casemates  are  as  follows  :  dampness,  which  is  very  common  in  aU 
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-caaemates,  so  that  the  moiBbuie  often  eiands  in  diops  on  the  walk ;  a  low 
temperature ;  a  want  of  ventilation ;  and  a  want  of  light 

How  these  difiicnlties  are  to  be  met  is  one  of  the  most  difficult  problems  the 
military  engineer  has  before  him.  How,  without  weakening  his  defences,  he 
is  to  get  light  and  air  into  the  buildings,  and  an  efficient  sewerage,  would  test 
the  ingenuity  of  a  Brunei  It  is  possible  that  the  best  plan  would  be  by  the 
employment  of  thick  movable  iron  doors  and  shutters.  In  time  of  peace  these 
might  be  open  ;  in  time  of  war  easily  replaced.  But^  in  addition,  means  of 
ventilation  mu^  be  provided  when  such  defences  dose  the  usual  openings ; 
tubes  must  be  carried  up,  and,  if  necessarily  winding,  an  enlarged  area  mighty 
perhaps,  compensate  for  this. 

It  must  be  said,  akoi,  that  it  is  quite  certain  that  in  our  fortified  places 
many  of  the  arrangements  are  much  worse  than  th^  need  be,  and  that  the 
sanitary  rules  deducible  from  home  experience  should  be  applied  in  every  case 
when  tiie  defensive  properties  are  not  interfered  with. 

Sub-Sbotion  IIL — Babbaoks  in  Hot  CLncATss. 

The  older  barracks  in  both  the  East  and  West  Indies  were  often  merely 
copies  of  the  English  barrack  square.  In  some  cases,  also,  the  exigencies  of 
defence  led  to  a  cramped  and  irregular  plan,  and  owing  to  the  little  attention 
which  was  paid  either  to  the  health  or  comfort  of  the  soldier,  overcrowding 
and  deficient  ventilation  were  as  common  in  l^e  tropics  as  at  home.  For 
several  years  there  has  been  a  gradual  improvement,  and  in  India  especially 
vast  and  extensive  palaces  have  been  reared  in  many  stations,  which  testify  at 
any  rate  to  the  anxiety  of  the  Grovemment  to  house  their  soldiers  properly.* 

It  will  be  desirable  to  refer  here  chiefly  to  the  Indian  barracks,  but  the 
same  principles  apply  to  all  hot  countries. 

The  Indian  Sanitary  Commission  have  lately  recommended  that  each  man 
in  barracks  shall  have  100  superficial  feet,  and  1500  cubic  feet  The 
Government  of  India  recommended  in  1864  that  there  should  be  90  supers 
ficial  feet  in  the  plains,-  and  77  in  the  hills,  which,  with  a  width  of  24  and  22 
feet,  and  height  of  20  and  18  feet,  would  give  1800  cubic  feet  in  the  plains 
and  1408  in  the  hills.  Mr  Webb,t  who  has  paid  great  attention  to  the  sub- 
ject of  over-crowding  in  Indian  barracks,  and  who  believes  that  it  is  the  grand 
cause  of  insalubrity  in  India,  has  adduced  good  reasons  for  thinking  that  this 
amount  is  not  nearly  sufficient  It  is  suggested,  indeed,  that  3000  cubic  feet 
of  space  is  not  too  much. 

I  shall  not  refer  to  the  old  barracks,  but  to  the  later  and  the  present 
patterns. 

In  1857  and  1858  the  Bengal  Government  ordered  standard  plans  to  be 
prepared,  and  some  barracks  have  been  built  in  accordance  with  them.  A 
description  and  figures  will  be  found  in  the  former  editions  of  this  work.  In 
1863  the  Governor-General  of  India  in  Council  ordered  a  renewed  inquiry 

*  Some  of  theie  great  barracks,  as  at  Allahabad,  have  not  ^ven  aatisfactioiii,  and  have  beau 
found  as  hot  or  even  hotter  than  the  old  barracks.  But  this  appears  to  have  been  from  not 
attending  to  the  rule,  never  to  let  the  sun's  rays  faU  on  a  main  wall,  but  to  shadow  the  wall 
by  a  verandah.  The  double  roof  also  has  apparently  not  been  sui&ciently  double,  ».e.,  tha 
openings  above  and  below,  to  allow  the  air  to  circulate,  have  not  been  laive  enough ;  ventila- 
tors have  also  not  been  put  to  the  verandahs,  so  that  the  heated  mass  of  air  cannot  ascend. 
Nothing  tends  to  cause  greater  heat  than  atagnancv  of  the  air,  as  may  be  seen  by  the  ease  wit 
which  water  may  be  boiled  in  a  dose  vessel  hj  the  rays  of  the  sun,  even  in  Bngland.  The 
objection  to  the  palaces  which  have  been  built  m  India  since  the  mutiny,  is  not,  I. conceive,  so 
much  to  the  principle  of  the  barracks,  but  to  some  faults  in  construction,  and  especially  to 
their  localities,  viz.,  in  the  plains  instead  of  in  the  hills  in  many  cases. 
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into  the  matter,  and  Colonel  Cronunelin  submitted  altered  designs  for 
l)anack8,  which  were  subeeqaentl j  submitted  to  the  Bengal,  Madraa,  and 
Bombay  Governments,  and  to  the  Army  Sanitaiy  Committee  at  home.  The 
plan  of  these  new  barracks  is  essentially  that  proposed  by  the  Indian  Sanitair 
CommiBsion ;  while  the  preparation  of  the  detailed  design  is  left  to  the  local 
officers,  certain  general  principles  are  strictly  laid  down,  and  standard  plaiu 
suitable  for  different  localities  are  furnished  for  different  guidance.  The 
number  of  men  to  be  placed  under  one  roof  is  fixed  at  40  or  50  (half 
company  barracks^,  except  under  exceptional  circumstances ;  the  namb^  of 
men  in  one  room  is  to  be  16  to  20,  and  not  to  exceed  24 ;  the  barracks  are  to 
be  two-storeyed  in  the  plains,  and  one  or  two  storeyed  in  the  hills,  both  flooR 
being  used  for  dormitories ;  single  verandahs  of  10  or  12  feet  wide  sunound 
these  rooms.  There  are  to  be  only  two  rows  of  beds  in  the  dormitories  ;  ths 
beds  are  to  be  9  inches  from  the  wall,  and  only  two  beds  are  to  be  in  the 
wall  space  between  two  contiguous  doors  (or  windows) ;  in  the  plains  eadi 
bed  is  to  have  71  feet  of  running  wall  space,  in  the  hills  7.  llie  general 
arrangements  of  tne  building  are  based  on  the  suggestions  of  the  Royal  Indian 
Sanitary  Commission.  At  each  end  of  the  dormitory  are  closets  and  ni^t 
urinals ;  and  what  appears  to  be  the  best  plan  places  these  at  the  extreme  eiA 
of  the  verandah,  leaving  a  space  between  them  and  the  dormitory. 

The  lower  story  in  the  plains  was  intended  to  be  used  as  a  day-room,  bnt 
it  appears  that  this  has  not  been  comfortable  for  the  men,  and  both  floors  are 
now  used  as  dormitories. 

The  married  people's  quarters  are  to  be  grouped  in  small  one-atoried 
blocks,  each  block  holding  the  married  people  of  a  company  or  troop.  Two 
rooms  (16  feet  x  14  feet  and  14  feet  x  10  feet)  are  provided  for  each 
family ;  verandahs,  12  and  10  feet  wide,  are  provided. 

In  all  these  arrangements  it  will  be  perceived  that  the  essential  principles 
of  the  home  barracks  are  preserved ;  long,  thin,  narrow  lines  of  bnildinga^ 
with  thorough  cross  ventilation,  with  the  sleeping-rooms  raised  well  off  the 
ground,  would  certainly  appear  to  be  as  good  an  arrangement  as  could  be 
devised,     A  few  more  remarks  on  some  of  the  points  have  to  be  made. 

1.  Size  of  Houses. — If  there  are  no  strong  military  reasons  to  the  contrary, 
it  seems  certain  that  it  is  even  more  important  in  India  than  in  England  to 
spread  the  men  over  the  widest  available  area,  and  not  to  place  more  than 
Mtj  men  in  a  single  block,  and  twenty-five  men  in  a  single  room  ;  and, 
therefore,  the  proposed  plan  is  most  desirable.  There  has  been  an  objection 
raised,  that  small  detached  houses  in  the  hot  plains  of  India,  not  having  any 
large  space  in  shadow,  get  everywhere  heated  by  the  sun's  rays,  and  become 
very  hot.  The  objection  is  theoretical ;  it  is  the  immense  blocks  of  masonry 
used  in  the  construction  of  large  buildings  which  are  to  be  avoided  as  mudi 
as  possible,  since,  when  once  heated,  they  take  hours  to  cooL 

2.  Arrangement  of  Houses, — Broadside  on  to  the  prevalent  wind,  and  dis- 
position eih  edidoHf  as  now  adopted  in  India,  is  obviously  the  proper  plan. 
The  only  exception  will  be  when  there  are  marsh  or  gully  winds  to  be 
avoided,  and  then  the  houses  should  be  placed  end  on  to  the  deleterious 
wind ;  and  no  windows  should  open  on  that  side.  But  it  is  seldom  such  a 
site  would  be  selected  or  kept 

If  a  barrack  is  built  on  a  slope,  and  the  ground  is  terraced,  the  Army 
Sanitary  Committee  have  recommended  that  the  barrack  should  be  placed 
end  on  to  the  side  of  the  hUl,  and  not  nearer  the  slope  ihan  20  to  30  feei 
But  terracing  should  be  avoided  as  much  as  possible^ 

3.  Breadth  of  Houses, — ^As  in  England,  it  is  important  to  have  only  two 
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rows  of  beds  in  each  house,  and  to  keep  the  houses  under  30  feet  in  width, 
80  as  to  permit  effective  perflation.  A  single  verandah  is  as  good  as  a  double 
one  in  keeping  off  the  direct  rays  of  the  sun  from  the  walls  of  the  house,  and 
two  verandahs  (one  inner  and  one  outer)  add  to  the  breadth  to  be  ventilated. 
The  width  of  the  verandahs  must  be  10  to  12  feet;  and  on  the  southern  and 
western  sides  wooden  jalousies  may  have  to  be  placed  so  as  to  occupy  3  or  4 
feet  at  the  upper  part  of  the  verandah. 

Verandahs  should  be  ventilated  by  openings  at  the  highest  part,  so  as  to 
have  a  free  movement  of  air  through  them  ;  this  is  very  important.  If  there 
are  two  storys,  the  roof  of  the  upper  verandah  should  be  double. 

Materials  of  Building. — On  this  point  there  is  little  choice,  for  the  risk  of 
fire  renders  the  use  of  wood  undesirable  for  walls  and  roofs.  And  yet,  apart 
from  this  risk,  loosely  joined  wood,  or  frames  of  bamboo,  have  the  great  ad- 
vantage of  allowing  air  to  pass  through  the  walls.  Brick  or  stone  has  there* 
fore  to  be  used,  la  India,  sun-dried  brick  (ktUcha),  covered  with  cement^  or 
faced  with  burnt  brick,  is  often  used ;  and  the  remains  of  Babylon  or  Nineveh 
show  how  imperishable  a  material  this  is  if  properly  protected.  It  is  said  to  be 
a  cooler  material  than  burnt  brick  {pucka)^  but  it  absorbs  a  great  deal  of 
moisture. 

Iron  barracks  were  sent  out  from  England  during  the  mutiny,  but  were  said 
to  be  hot,  and  were  not  liked ;  but  iron  frames  have  been  usefully  employed, 
the  intervals  being  filled  up  with  uubumt  bricks.  There  is,  however,  a  very 
general  feeling  against  unbumt  brick,  on  account  of  the  moisture  it  absorbs  and 
retains.  The  concrete  walls  now  coming  into  so  much  use  in  England  would 
be  particularly  adapted  for  India ;  they  are  cheap,  and  are  dry. 

Construction  of  the  Building. — The  three  points  to  be  aimed  at  are — avoid-* 
ing  the  malaria  and  dampness  of  the  ground,  should  there  be  any  risk  of  this ; 
insuring  coolness  ;  providing  ventilation. 

(a)  Emplayment  of  Open  Arches  for  the  Basement. — The  extraordinary 
diminution  in  the  risk  of  malaria  by  elevating  the  building  only  a  few  feet 
above  the  ground,  and  allowing  a  free  current  of  air  under  the  house,  is  illus- 
trated in  various  parts  of  the  world :  along  the  banks  of  the  lower  Danube,  in 
the  plains  of  Burmah  and  Siam,  &c.  But  another  great  benefit  is  obtedned : 
dryness  and  freedom  from  pent-up,  stagnant,  and  often  septic  masses  of  air  are 
insured,  so  that,  even  when  the  soil  is  not  distinctly  malarious,  buildings 
should  be  raised.  In  a  malarious  country  the  height  of  the  ground-floor  above 
the  ground  should  be  8  or  10  feet ;  in  non-malarious  districts  3  or  4  feet  are 
sufficient,  but  it  should  always  be  high  enough  to  allow  cleaning. 

If  high  enough,  these  open  spaces  afford  excellent  spaces  for  exercise  during 
the  heat  of  sun. 

(b)  Walls. — ^Very  thick  brick  walls  do  not  add  to  coolness  (Chevers),  but 
being  thoroughly  heated  during  the  day,  give  out  heat  all  night.  The  direct 
rays  of  the  sun  should  not  be  allowed  to  fall  on  any  part  of  the  main  walL 
This  will  be  found  one  of  the  most  important  rules  for  insuring  coolness. 
Double  main  walls,  with  a  wide  space  between,  and  free  openings  above  and 
below,  so  as  to  admit  a  constant  movement  of  air  between,  is  the  coolest  plan 
known.  Considering  the  excellent  ventilation  which  goes  on  in  bamboo  and 
wooden  houses,  it  may  be  a  question  whether,  in  the  warm  parts  of  India,  the 
walls  might  not  be  made  as  far  as  possible  permeable  ;  at  any  rate,  above  the 
heads  of  the  men.  Whitening  the  outside  walls  reflects  the  heat,  but 
is  dazzling  to  the  eyes  ;  almost  as  good  reflection,  and  much  less  dazzling,  is 
obtained  by  using  a  slight  amount  of  yellow  or  light  blue  colour  in  the  cement 
or  lime-wash. 

(c)  Floors. — ^The  materials  at  present  used  are  flagstones  (in  Bengal),  slatea 
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(in  some  barracks  in  the  Punjab),  greenstone  (in  some  Madras  barracks),  tiles, 
bricks  placed  on  end  and  covered  with  concrete,  pounded  brick  and  lime 
beaten  into  a  solid  concrete  and  plastered  with  lime,  broken  nodulated  lime- 
stone or  kunkur  (in  places  where  the  masses  of  kunkur  are  found,  as  in 
Bengal),  asphalt,  pitch,  and  sand,  wood  (Chevers).  Of  these  various  materials^ 
the  asphalt  gets  soft  and  is  objectionable ;  the  cements  and  kunkur  wear  into 
holes,  produce  dust,  and  have  been  supposed  to  cause  ophthalmia  (Chevers) ; 
wood  is  liable  to  attacks  of  white  ants,  &c. 

On  the  whole,  it  would  seem  that  good  wood  (if  there  be  a  space  below  ilie 
barracks)  with  brick  supports  is  the  best,  and  after  this  tiles. 

(d)  Roofs. — ^Double  roofs  are  now  usually  employed,  and  are  made  slanting, 
and  not  terraced.  The  terraced  roofs,  if  made  single  (i.e.,  with  battens  on  the 
joists  covered  with  kunkur),  conduct  heat  too  freely  ;  but  if  made  double,  with 
a  good  current  of  air,  there  is  an  advantage  in  giving  a  promenade  to  the  men, 
and  also,  at  some  seasons  of  the  year,  the  roof  may  be  most  advantageously 
used  as  a  sleeping-place. 

The  sloping  roofs  are  better  adapted  for  ventilation.  The  coolest  roof  is 
made  of  thatch,  covered  with  tiles ;  it  would  be  cooler  still  if  the  thatch  wctb 
outside ;  but  thatch  is  dangerous  on  account  of  fire,  and  harbours  vermin  and 
insects.  If  there  is  a  good  space  between  the  two  roofs  (2  feet),  and  if  there 
are  sufficient  openings  to  permit  a  good  current  of  air,  perhaps  two  tile  roofs 
would  be  as  cool  as  any. 

(e)  Doors  and  Windows. — These  are  now  always  made  very  numerous,  and 
opposite  each  other,  so  as  to  permit  perfect  perflation.  The  official  "  Sugges- 
tions "  order  one  window  for  every  two  beda  Five  doors  are  recommended 
'for  each  room  of  twenty-five  men ;  and  Norman  Chevers  gives  a  good  rule  :  A 
light  placed  in  the  centre  at  night  should  be  seen  on  all  sides.  Upper  as  well 
as  lower  windows — a  clerestory,  in  fact — are  useful ;  the  lower  windows 
should  then  open  to  the  ground.  In  most  of  the  stations  in  northern  India 
the  windows  must  be  glazed. 

The  committee  appointed  to  carry  out  the  suggestions  of  the  Indian  Sanitaiy 
Commission  have  recommended  that  each  window  should  consist  of  two  parts 
■ — the  upper  portion,  about  2  feet  in  depth,  being  hinged  on  its  lower  edge  to 
fall  inwards,  so  as  to  direct  the  currents  of  air  towards  the  ceiling  of  the  room. 

Ventilation  of  Tropical  and  Subtropical  Barracks, 

'  If  barracks  are  not  made  too  broad,  and  are  properly  placed,  the  same  prin- 
ciples of  ventilation  may  be  applied  to  them  as  to  barracks  at  home.  The 
-perflation  of  the  wind  should  be  obtained  as  freely  as  posable.  The  numerous 
doors  and  windows,  however,  render  it  unnecessary  to  provide  special  inlets ; 
outlets  should,  as  at  home,  be  at  the  top  of  the  room,  either  along  the  ridge, 
or  if  of  shafts,  they  should  be  carried  up  some  distance ;  if  they  are  made  of 
masonry,  and  painted  black,  the  sun's  rays  will  cause  a  good  up-current  The 
:area  of  the  shafts  is  ordered  ("  Suggestions,"  p.  22)  to  be  1  square  inch  to 
every  16  or  20  cubic  feet,  with  louvres  above  and  inverted  louvres  below.  In 
the  lower  rooms  these  shafts  are  to  be  built  in  the  walls ;  in  the  upper  rooms 
to  be  in  the  centre. 

In  many  parts  of  India,  however,  at  particular  times  of  the  year,  the  air  is 
both  hot  and  stagnant ;  in  such  stations  artificial  ventilation  must  be  employed, 
and  the  forcing  in  of  air  offers  greater  advantages  than  the  method  by  aspira- 
tion. The  wheel  of  Desaguliers  was  introdu<^  into  India  many  years  ago 
by  Dr  Rankine,  and,  under  the  name  of  "  Thermantidote,"  is  frequently  used 
in  private  houses  and  hospitals.  Wheels  may  be  used  of  a  larger  kind,  and 
'driven  by  horses  and  bullocks,  or  steam  or  water  power.     The  great  advan- 
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tage  is  that  tlie  air  can  be  taken  thiougli  a  tunnel,  and  cooled  either  by  the 
cooler  earth  or  by  evaporation  (see  Cooling  of  Air), 

An  Arnott's  pump,  made  as  large  as  a  man  can  easily  work,  will  be  found 
to  be  cheaper,  and  as  good  as  the  thermantidote. 

The  common  punkah  is  a  ventilator,  as  it  displaces  masses  of  air ;  the 
waves  pass  far  beyond  the  building,  and  are  replaced  by  fresh  air  waves 
entering  in.  An  improved  punkah,  worked  by  horse  or  bullock,  and  supplied 
with  water  for  evaporation,  was  devised  by  the  late  Mr  Moorsom  of  the  52d 
Eegiment ;  it  is  described  and  figured  in  the  report  of  the  Indian  Sanitary 
Commission,  and  would  seem  likely  to  be  a  very  useful  modification  of  the 
common  punkah 

Ventilation  in  most  parts  of  India  must  be  combined  with  plans  for  cooling, 
and  often  for  moistening  the  air. 

Cooling  of  Air, — ^When  the  air  is  dry,  i.c.,  when  the  relative  humidity  is 
low,  there  is  no  difficulty  in  cooling  ^the  air  to  almost  any  extent.  If  the  air 
be  moving,  this  is  still  easier.  The  evaporation  of  water  is  the  great  cooling 
agency.  A  drop  of  water  in  evaporating, 'absorbs  as  much  heat  as  would  raise 
967  equal  drops  V  Fahr.,  or  in  other  words,  the  evaporation  of  a  gallon  of 
water  absorbs  as  much  heat  from  the  air  as  would  raise  i\  gallons  of  water 
from  zero  to  the  boiling  point.  As  the  specific  heat  of  an  equal  weight  of  air 
is  \  that  of  water,  it  follows  that  the  evaporation  of  1  gallon  or  10  S>  of  water 
will  cool  (10  X  4  X  967)  38,680  %  of  air,  or  477,637  cubic  feet  of  air  r  Fahr., 
or,  to  put  it  in  another  way,  the  evaporation  of  1  gallon  of  water  will  reduce 
26,216  cubic  feet  of  air  from  80'  to  60°  Fahr.  If  thoroughly  utilised,  IJ 
gallon  per  head  would  be  the  allowance  for  12  hours,  but  as  the  full  work  is 
never  got  out  of  any  material,  this  quantity  ought  in  practice  to  be  doubled. 
In  India  the  temperature  of  a  hot  dry  wind  is  often  reduced  15°  to  20°  by 
blowing  through  a  wet  kuskus  tattie ;  but  merely  sprinkling  water  on  the 
floors  will  have  a  perceptible  effect  on  the  temperature. 

When  the  air  is  stagnant  cooling  is  less  easy.  In  India  it  is  often  attempted, 
in  a  still  atmosphere,  to  insure  coolness  by  creating  currents  of  air  either  by 
the  simple  punkah  or  by  thermantidotes  ;  these  act  by  increasing  evaporation 
from  the  body,  and  they  certainly  do  away  with  the  oppressiveness  of  a  still 
atmosphere  But  evaporation  of  water  must  be  also  employed,  as  in  Captain 
Moorsom's  punkah  just  referred  to,  or  in  some  other  way. 

In  the  case  of  a  thermantidote,  or  Amott  pump,  thin  wet  cloths  suspended 
in  a  short  discharge-tube,  or  ice  suspended  in  it,  or  a  bottle  containing  a 
freezing  mixture,  and  with  a  wet  surface,  will  answer  equally  well 

When  water  is  abundant  other  contrivances  may  be  employed.  A  stream 
of  water  issues  from  a  small  orifice  with  a  high  velocity,  and  impinging  on  a 
round  iron  plate  about  an  inch  or  two  from  the  orifice,  is  beautifully 
pulverised.  Or  the  beautiful  sheet-water  fountains  used  to  wash  air  f oi: 
ventilation  might  be  employed.  In  the  old  Boman,  and  some  Italian  houses 
coolness  was  obtedned  by  a  fountain  in  the  central  court ;  and  where  it  can  be 
done,  the  more  common  employment  of  fountains  in  the  houses  in  the  hot 
parts  of  India  may  be  suggested. 

Cooling  is  then  easy  when  the  air  is  dry,  or  is  not  moister  than  70  per 
cent  of  saturation ;  but  when  the  air  is  very  moist,  and  almost  saturated,  as  is 
often  the  case,  for  example,  in  Lower  Scinde,  and  is  at  the  same  time  still, 
evaporation  is  very  slow.  What  can  be  done  ?  Of  course  the  air  must  be  set 
in  motion  by  mechanical  means.  But  how  is  it  to  be  cooled  ?  Two  plans 
suggest  themselves — ^taking  the  air  through  a  deep  tunnel,  and  the  employ- 
ment of  ice. 

The  tunnel  plan  was  tried,  I  believe,  some  years  ago  at  Agra,  and  was  not 
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trell  thonght  of.     But  ererythmg  depends  on  the  mode  of  malring  the 
tunnel     It  must  be  deep  enough  to  get  into  a  cold  stratum  of  earth.* 

The  Chinese,  in  the  north  of  Chinis^  suspend  lumps  of  ice  in  their  rooms 
during  the  summer ;  but  this  seems  a  wasteful  plan.  Ice  in  tunnels  would 
have  a  much  greater  effect  If  the  ice  cannot  be  obtained,  freezing  mixtures 
might  possibly  be  used,  if  the  expense  is  not  a  bar. 

AbltUian  Rooms. — In  India,  every  private  house,  and  almost  every  room  in 
a  house,  belonging  to  a  European,  has  its  bath-room.  And  not  only  the 
luxury,  but  the  benefit  is  so  great,  that  bath-rooms  should  be  considered 
essential  to  every  barrack.  For  the  usual  purposes  of  ablution  the  plan  now 
used  on  home  service  is  the  best ;  but  it  should  be  supplemented  by  shower- 
baths.  In  order  that  these  shall  be  efficiently  given,  iiie  old  plan  of  carrying 
water  by  hand  must  be  given  up ;  shower-baths  for  a  regiment  could  never  be 
provided  in  this  way ;  water  in  large  quantity  must  be  laid  on  in  pipes,  and 
dstems  at  the  top  of  every  barrack  should  feed  the  ablution  rooms,  and 
Bupply  water  for  the  urinals.  At  least  from  12  to  18  gallons  daily  should  be 
allowed  per  head  for  shower-baths  alone,  and,  if  possible,  more  than  this,  as 
general  baths  should  be  also  provided.  So  essential  must  baths  be  considered 
for  health,  that  a  large  supply  of  water  should  be  considered  a  necessary  con- 
dition in  the  choice  of  site.  The  disposal  of  the  water  after  use  is  a  questian 
for  the  engineer ;  but  it  must  not  be  permitted  to  soak  into  the  ground  near 
the  barracks ;  it'  might  seem  superfluous  to  notice  this,  if  the  custom  of 
allowing  the  ablution  water  to  run  under  the  houses  did  not  prevail  at  some 
stations. 

Urinals. — Urine  tubs  are  still  used  in  many  of  the  barracks  in  India,  but 
their  use  should  be  discontinued  as  soon  as  possible.  Evaporation  is  rapid, 
and  decomposition  soon  sets  in.  Several  army  surgeons  have  pointed  out 
that  the  atmosphere  is  greatly  contaminated  in  this  way,  and  some  have  con- 
sidered that  affections  of  the  eyes  are  produced  by  the  ammomacal  fumea. 
Earthenware  or  slate  urinals  should  be  used,  with  water  running  through 
them ;  and  if  there  are  no  drains  to  carry  off  the  urine,  a  zinc  pipe  may  be  laid 
inside  the  building,  and  open  into  a  tub  below,  which  should  be  emptied 
daily. 

The  War-office  Committee,  in  their  '^  Suggestions  **  (p.  24),  recommended 
Mr  Jenning's  urinal,  which  consists  of  a  basin,  valve,  and  syphon-trap^ 
supplied  with  water.  It  is  cleaned  and  filled  by  raising  the  handlei  As 
already  noticed  in  the  Home  Barracks,  the  suggestion  of  a  small  water-tap 
above,  to  allow  the  means  of  ablution,  seems  an  excellent  one, 

SUB-SEOnON  IV. — WOODKN  HuTa 

Of  late  years  the  use  of  wooden  huts,  both  in  peace  and  war,  has  greatly 
extended  in  several  of  the  European  armies.  In  peace,  their  first  cost  is 
small,  and  they  are  very  healthy.  In  war,  they  afford  the  means  of  housing 
an  army  expeditiously,  and  are  better  adapted  for  winter  quarters  than  tent& 

The  healthiness  of  wooden  huts  doubtless  depends  on  the  free  ventilation ; 
when  single-cased,  the  wind  blows  through  them ;  and  even  when  double-cased, 
there  is  generally  good  roof  and  gable  ventilation. 

iN'umerous  patterns  of  huts  have  been  used  in  our  own  and  other  armies^ 
from  small  houses  holding  six  men  to  the  large  houses  designed  by  Mr 
Brunei  for  Eenkioi  Hospital,  and  which  were  25  feet  high  in  the  centre,  12 
feet  at  the  eaves,  and  held  50  men.     In  the  Crimea  the  most  common  sizes 

The  reoent  inyestigatioiis  into  the  composition  of  the  ground  air,  give  additional  reasont 
for  ol^ecting  to  the  tunnel  plan,  unless  the  utmost  care  were  taken  to  prevent  the  ground  air 
Ufng  deUvered  into  the  dweUings  (see  page  827). 
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were  for  12,  18,  and  24  meiL  Sir  Garnet  WoLseley  tbinks  tlie  most  useful 
size  is  32  feet  long,  16  wide,  6  feet  to  eaves,  and  16  to  ridge,  to  hold  28 
men ;  two  huts  are  put  end  to  end,  with  one  chimney  between  them.  If 
protection  has  to  be  obtained  against  wind,  make  a  wall  a  foot  away. 

In  arranging  lines  of  huts,  as  much  external  ventilation  and  sunlight  must 
be  secured  as  possible  for  every  hut.  According  to  circumstances,  the 
arrangements  in  lines,  or  en  ichdouy  &c.,  must  be  adopted. 

In  time  of  peace  huts  are  sure  to  be  put  up  well ;  to  be  properly  under- 
pinned ;  081  a  drained  site,  and  well  warmed. 

War  Huts. 

In  the  putting  up  of  huts  in  the  time  of  war,  when  everything  is  dond 
more  roughly,  the  following:  points  should  be  attended  to : — 

Do  not  excavate  ground,  if  poestble ;  and  never  pile  earth  against  the  sides.* 

(a)  Floor. — ^Whenever  practicable,  underpin  the  joists,  so  as  to  get  a 
current  of  air  under  the  floor.  Arrange  for  the  drainage  tmdemeath,  so  that 
water  may  not  lie,  but  may  be  carried  by  a  surface  drain  at  once  to  an  outside 
drain.  If  the  floor  is  entirely  of  wood,  have  it  screwed,  and  not  nailed  down,t 
so  that  the  boards  may  be  taken  up,  and  the  space  below  cleaned.  If  the 
sides  are  of  planks,  and  the  centre  of  earth,  pave  the  centre  with  small  stones, 
if  they  can  be  got,  so  that  it  may  be  swept  If  this  cannot  be  done,  remove 
a  little  of  the  surface  earth  every  now  and  then,  and  put  dean  sand  or  gravel 
down. 

(6)  Sides. — ^If  the  sides  are  double,  learve  out  a  plank  at  the  bottom  of  the 
outside,  and  at  the  top  of  the  inner  lining.  If  the  sides  are  single,  make 
oblique  openings  for  ventilation  above  the  men's  heads,  with  wooden  flaps 
falling  inwards,  and  capable  of  being  pulled  more  or  less  up,  and  inclosing  the 
opening.  Place  a  plank  obliquely  along  the  bottom  at  the  outside,  to  throw 
the  drip  from  the  roof  outwards,  so  that  the  water  may  not  sink  under  the 
houses.     Whitewash  both  inside  and  outside  of  the  planks. 

(e)  Roof. — ^Arrange  for  ridge  ventilation.  If  felt  is  used,  let  the  strips  run 
along  the  sides,  and  not  over  the  ridge,  and 
beginning  at  the  bottom,  so  that  each  successive 
strip  may  imbricate  over  the  one  below  it ;  use 
no  nails,  but  place  thin  strips  of  board  across 
the  strips  from  the  ridge  downwards,  to  hold 
the  felt  down.     Tarred  calico  is  as  good  as  felt. 

Warming. — In  cold  countries,  if  stoves  are 
provided,  place  them  at  one  end,  and  let  the 
chimney  run  horizontally  along  above  the  tie^ 
beams,  to  the  other  end,  and  open  at  the  gable; 
in  this  way,  the  heat  is  economised  :  or  put  a  s*     «• 

casing  of  wood  round  the  stove,  except  in  front,,  and  allow  fresh  air  to  pass 
between  the  stove  and  casing.  If  no  stoves  are  provided,  and  a  fire-place  is 
made  with  stone,  it  should  be  put  at  one  end,  and  a  wooden  trough  running 
out  at  the  gable  be  used  as  a  chimney.  If  a  good  broad  slab  of  stone  can  be 
obtained  for  a  hearth-stone,  dig  a  trench  under  the  boards  and  lead  the  air 

*  While  it  is  desirable  to  have  the  walls  as  dear  from  accnmnlatioiiB  outside  as  possible,  it 
it  mxist  be  remembered  thai  this  rule,  like  others,  has  its  ezoeptioik  Thus,  in  a  very  oold 
country,  like  Canada,  a  sufficient  decree  of  warmth  could  not  be  obtaimd  in  a  wooden  hut 
without  pilmff  snow  up  against  the  sides. 

t  If  possible  the  serevrs  should  be  of  copper,  not  iron ;  if  of  iron  each  screw  ought  to  be 
^pped  in  oil  before  being  put  in :  this  greatly  increases  the  ease  with  which  they  cvi  be  with* 
drawn,  and  also  MTes  the  wood  to  some  degree. 
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from  outside  tinder  the  hearfch-stone,  and  provide  an  opening  at  the  other 
of  the  stone.     In  this  way  the  ent^ing  air  is  warmed. 

Trenches  should  be  carried  round  huts  as  in  the  case  of  tents. 

Fig.  108  shows  a  plan  much  used  by  the  Germans  in  1870-71  for  temr 
porary  sheds  ;  the  crossing  of  the  rafters  permits  thoi!ough  roof  rentilaitioii, 
and  the  raising  from  the  ground  where  practicable  is  very  important. 

Causes  of  Unhealthiness  of  Wooden  Huts. 

1.  Dampness  from  Ground^  Earth  against  WaU,  ^c — ^Dmin  wdl^  Cut 
away  ground  from  outside  ;  have  good  trenches  round,  with  a  good  fall 

2.  Substances  collecting  under  Floors, — Look  well  to  this  as  a  common  cau» 
of  unhealthine8& 


Fig.  106.>-P]«n  of  Q«rm«a  Sked. 

• 

3.  Earth  round  Huts  saturated  with  Refuse^  Urine,  ^c. — ^Every  now  and 
then  clear  away  the  «uif»ce  earth,  and  replace  it  with  clean  dry  earth. 
,    4.   Ventilation  bad  from  too  few  openings. 

5.  Cold. — Issue  extra  clothes,  if  additional  fuel  cannot  be  obtained.  See 
that  the  greatest  effect  is  obtained  from  the  fuel;  but  do  not,  if  it  can  possibly 
be  helped,  close  the  ventilators. 

Sub-Sbotiok  V. — ^Tbntb  and  Camfs. 

Tent& 

A  good  tent  should  be  light,  so  that  it  may  be  easily  transported,  readily 
and  firmly  pitched,  and  easily  taken  down.  It  should  ccnapletely  protect  from 
weather,  be  well  ventilated,  and  durable. 

It  is  perfectly  easy  to  devise  a  tent  with  some  of  these  charaetoistics,  bafc 
not  to  combine  them  all 

The  tents  used  in  our  army  are  as  follows :— - 

Home  Sendee, 

The  Bell'Tent. — A  round  tent  with  sides  straight  to  1  or  2  feet  high,  aud 
then  slanting  to  a  central  pole.  Diameter  of  base,  14  feet ;  height,  10  feet ; 
area  of  base,  154  square  feet ;  cubic  space,  513  feet;  weight,  when  dry,* 
about  65  to  70  fi>.  The  canvas  of  the  new  pattern  is  made  of  cotton  or  linen. 
The  ropes  extend  about  1^  foot  all  around.  It  holds  from  twelve  to  sixteen 
men  ;  and  in  war  time,  even  eighteen  have  been  in  one  tent  The  men  He 
with  their  feet  towards  the  pole,  »their  heads  to  the  canvaa      With  eighteen 


*  Complete  wetting  of  a  tent  adds  from  80  to  40  per  cent  to  the  weiglitK 
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men,  the  inen's  ehonldeis  toucL  Fonnerly,  there  was  no  attempt  at  ventil»' 
don ;  but  afterwaids  a  few  holes  were  made  in  the  canvas  near  the  pole. 
Ventilation,  however,  was  most  imperfect*  Dt  Fjffe  (formerly  of  the  Army 
Medical  School),  who  carefully  examined  this  pointy  found  the  holes  so 
small,  that  the  movement  of  air  was  almost  imperceptible.  There  is  little 
ventilation  throng  the  canvas,  and  none  at  all  when  it  is  wet  with  dew. 
The  new  circular  tent  is  somewhat  improved  as  regards  ventilation. 

The  Hospital  Mcarquee. — ^An  improved  hospital  marquee  was  issued  in  1866. 
It  is  in  princif^  the  same  as  the  old  marquee,  but  with  improved  ventilation^ 
This  tent  is  two*poled,  with  double  canvas.  It  is  made  of  a  lower,  almost 
quadrangular  part^  and  an  upper  part^  sloping  from  the  top  of  the  straight 
portion  to  the  ridge. 

A  new  pattern  measured  in  1872  was  28  feet  long,  14  feet  in  width  in  the 
quadrangular  part,  5  feet  high  to  the  top  of  the  straight  part,  and  12  feet  high 
£rom  ground  to  top  of  ridge  ;  the  ground  space  was  353*4  feet^  and  the  cubic 
space  2766-6  feet     This  ia  rather  smaller  than  the  old  pattern.  , 

It  is  intended  for  sick,  and  can  accommodate  ten  men  well ;  eighteen  is  the 
regulation,  and  twenty-four  men  have  been  put  in  it ;  but  this  crowds  it  exr 
tremely.  There  are  ventilators,  and  a  large  flap  at  the  top  can  also  be  opened 
for  ventilation,  and  the  fly  can  be  raised.  Its  weight  (including  the  valise)  is 
about  500  lb.  A  waterproof  sheet  is  now  supplied,  to  put  on  the  ground,  and 
this  weighs  145  fi). 

It  is  a  good  tent  when  care  is  taken  with  ventilation ;  but  there  should  be 
a  way  of  raising  one  whole  side,  so  as  to  expose  every  part  of  the  tent ;  and  if 
the  height  of  the  upright  part  were  6  feet,  it  would  be  more  convenient 

CiiTular  Terd, — ^A  double  circular  tent,  weighing  about  100  lbs.,  has  been 
approved  offer  hospital  purposes^  into  which  four  sick  or  wounded  men 
would  be  placed.     This  forms  part  of  the  new  field  equipment 

Shelter  Tent. — ^There  is  no  official  shelter  tent  for  the  English  army  on  home 
service,  but  one  was  formerly  issued  for  service  at  the  Gape.  Each  man 
carried  a  canvas  sheet,  made  up  of  a  quadrangular  (5  feet  9  inches  x  5  feet  3 
inches)  and  of  a  triangular  piece  (2  feet  8  inches  height  of  triangle  x  5  feet  3 
inches  base).  Buttons  and  button^holes  were  sewn  along  three  sides,  and  a 
stick  (4  feet  long,  and  divided  in  the  middle)  and  three  tent  pegs  and  rope 
also  were  provided  Two  or  four  of  these  sheets  could  be  put  together,  the 
triangles  forming  the  end  flaps.  A  very  roomy  and  comfortable  shelter  tent^ 
4  feet  in  height  was  formed,  which  would,  with  a  little  crowding,  accom- 
modate six  men,  so  that  two  sheets  could  go  on  the  ground.  The  objection 
to  this  tent  was  its  weight,  viz.,  6  lb  14  ounces  per  man.  If  a  thinner 
material  could  be  obtained,  and  if  the  size  eould  be  a  httie  lessened  in  all 
directions,  it  would  be  a  very  good  tent  I  have  attempted  to  arrange  a  cape 
and  waterproof  sheet  in  such  a  way  as  to  form  a  tent  when  suspended  on 
rifles.!  A  plan  for  malring  a  shelter  tent  with  blankets  is  given  in  the 
'^Instructions  for  Encampments,"  1877,  p.  19,  paragraph  14 

Offijcenf  Tents, — Marquees  are  allowed,  one  for  each  fidd-officer;  each 
captain,  and  every  two  subaltenos,  have  one  circular  tent  The  officers'  mar- 
quee weighfl  176  lbs. 

On  Indian  ServicA, 

The  tents  for  Europeans  are  marquees,  with  two  poles  and  ridge,  double 
fly.     Length,  21  feet;  breadth,  15  ;  height  to  inner  fly,  10  feet  3  inches; 

»•  — ■ — ~ ~  *» 

*  BftRBck  Improvement  Report,  p.  107. 

t  Army  Med.  Depart  JEteport  for  1870 ;  1872,  p.  260. 
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and  outer  fly,  11  feet  9  inches.  Twenty-five  infantry  are  accommodated  'with. 
85  cubic  feet  per  man ;  or  twenty  cavalry  with  saddlee,  with  100  cubic  feet 

The  tents  for  natives  have  a  single  fly.  Length,  22  feet;  breadth,  12; 
height  of  pole,  10  feet;  to  accommodate  twenty  cavahy,  or  twenty-five 
infantry. 

French  Tents. — In  the  French  army,  two  chief  kinds  of  soldiers*  tents  an 
used. 

1.  The  tente  cPahri,  or  shelter-tent  of  hempen  canvas,  is  intended  for  three 
or  four  men.  Each  man  carries  one-third  or  one-fourth  of  the  tent,  and  a 
stick ;  the  weight  of  the  two  being  3  lb.  The  canvas  he  carries  serves  him 
for  a  covering  while  marching ;  or  he  can  form  it  into  a  bag,  into  which  he 
can  creep.  Each  sheet  is  5  feet  8  inches  long,  and  5  feet  3  inchee  broad ; 
the  stick  is  4  feet  4  inches  long,  and  1^  inch  in  diameter.  When  the  tent  is 
pitched,  the  three  men  can  creep  inside,  and  have  as  much  space  and  as  good 
ventilation  as  the  English  soldier  in  the  bell-tent.  This  sort  of  tent  has  ike 
great  advantage  of  giving  protection  during  the  march,  and  immediate  cover 
when  the  march  is  over.  The  number  of  baggage  animals  for  the  army  is 
also  greatly  lessened. 

Some  of  the  French  tentes  cPahri  are  intended  for  four  or  six  men  ;  the 
length  is  6^  feet,  the  height,  3^  ;  it  is  carried  by  three  or  four  men.  The 
total  weight  of  the  tent  is  from  6^  to  8f  fi).* 

2.  Tente  de  Troupe,  or  Tente  Taconnet. — This  is  a  two-poled  tent,  with  a 
connecting  ridge-pole.  It  is  19^  feet  long,  by  13  or  14  wide,  and  10  high ; 
the  ground  area  is  243*5  square  feet.  It  is  intended  for  sixteen  men.  There 
are  two  openings  in  the  centre,  which  can  be  held  out  by  poles,  each  5  feet 
in  length,  or  closed  at  pleasure.  Between  the  poles,  at  the  height  of  6  feet, 
there  is  a  perforated  wooden  plank,  on  which  articles  are  placed,  or  from 
which  they  hang.  The  total  weight  is  143*5  &»  avoir.  This  tent  is  con- 
sidered cumbersome  and  unstable,  and  is  now  being  abandoned 

3.  Two  conical  tents  are  also  used,  like  the  English  bell-tent ;  one  (tetUe 
eomque)  a  cone,  and  the  other  having  an  upright  wall  16  inches  high,  and 
then  being  conical  above  (tente  conique  d  muraUle).  This  last  tent  ii 
ventilated  at  the  top ;  a  galvanised  iron  ring,  12  inches  in  diameter,  receives 
the  canvas,  which  is  sewed  round  it  An  opening  is  thus  left  of  113  square 
inches,  which  can  be  closed  by  a  wooden  top  which  rests  on  the  top  of  the 
pole,  and  is  buckled  to  the  ring.  Each  tent  holds  twenty  men.  The  tenie 
oonique  is  the  one  now  chiefly  used  Small  tents  called  tenies  de  marchs  are 
now  issued  to  officers,  who  formerly  provided  their  own  of  various  forms. 

Prussian  Tent. — This  is  a  coniod  tent,  with  a  single  pole,  like  the  bell-tent 
of  the  English  army;  it  is  nearly  16  feet  in  diameter,  the  pole  12  feet  high; 
it  holds  fifteen  men,  and  weighs  91  &»  avoir.  The  floor  space  is  12  square 
feet  and  the  cubic  space  70  cubic  feet  per  head 

Prussian  Hospital  Tent. — ^The  ground-floor  of  the  tent  is  a  rectai^;le  63 
feet  long  and  24  broad ;  the  tent  is  16  feet  high ;  there  are  6  or  8  poles  ;  the 
area  is  1488  square  feet.  It  is  divided  into  three  parts  :  a  central,  52  feet 
long  and  24  bioad  (  » 1248  square  feet),  for  the  sick,  and  two  rooms,  each  5 
feet  long  and  24  broad,  for  attendants,  utensils,  &c.  Some  of  the  tents  are 
made  with  hollow  iron  poles,  and  there  is  a  good  hood  for  ventilation.  Each 
tent  could  contain  20  to  22  beds,  but  only  12  patients  are 'placed  in  it  It 
stands  on  an  area  of  ^0  feet  by  40.     Since  1862  the  Flrossians  have  treated 

*  Larger  shelters  may  be  made  ty  combining  the  nortions  carried  by  several  men.  Morai^ 
complains  of  the  general  introduction  of  the  tents  adbri  in  the  French  aimy,  as  cliaiging  the 
soldier  permanently  with  extra  weight  to  provide  for  him  only  an  illusory  shelter. 

t  From  Heyfelder's  Camp  of  Kiasnoe-Selo,  1898. 
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many  of  the  worst  cases  nnder  such  tents  during  the  summer.  The  same 
practice  has  heen  adopted  in  the  Austrian  army  for  the  last  16  years . 

Russian  Tent. — ^The  infantry  tent  is  quadrangular,  14  feet  square  and  7 
feet  high  to  the  slope ;  there  is  a  centre  pole  and  four  comer  poles  ;  it  is 
intended  for  fourteen  men,  but  only  twelve  are  usually  placed  in  it  Bound 
the  tent  is  a  bench  i|  foot  broad,  and  coyered  with  straw  mattresses  and 
sheets  (in  the  summer  camps)  for  sleeping.  A  wooden  rack  round  the  centre 
pillar  receives  the  rifles.  The  canvas  can  be  partly  or  entirely  lifted  up.  The 
officers'  tents  have  double  canvas. 

Northern  American  Tents. — At  the  commencement  of  the  civil  war  the 
Sibley  tent  was  much  used.  It  is  conical,  18  feet  in  diameter,  and  13  feet 
high,  with  an  opening  for  ventilation,  and  gives  1102  cubic  feet;  often 
twenty  or  twenty-two  men  were  held  by  one  tent  Bell  and  wedge-shaped 
tents  were  also  used ;  the  latter  was  6  feet  10  inches  long,  8  feet  4  inches 
broad,  and  6  feet  10  inches  high,  with  a  cubic  space  of  194  feet  It  held  six 
men. 

These  tents,  however,  did  not  answer  ;  the  ventilation  was  most  imperfect, 
and  in  the  summer  of  1862  ponchos  and  shelter-tents  were  issued,  which  in 
the  army  of  the  Potomac  superseded  the  old  tents.*  The  poncho  is  a  piece 
of  oil-cloth  with  a  slit  in  the  centre,  through  which  the  head  is  put ;  two 
ponchos  can  form  a  shelter-tent  The  army  of  the  Potomac  spent  the  winter 
in  improvised  huts  of  logs  or  mud,  with  the  shelter-tent  for  the  roof. 

The  larger  tents  are,  however,  still  used  for  stationary  commands,  and  for 
liospital  purposes. 

Other  Plans. — A  very  great  number  of  different  kinds  of  tents  are  employed 
by  different  nations,  and  many  plans  have  been  proposed  of  late  years,  f  Of 
these  Edgington's  square  military  tent^  and  Tumer^s  and  Rhodes'  tents,  are 
the  best  The  first  is  a  single  poled  pyramidal  tent,  with  a  second  pole  to 
sustain  the  entrance  flap  ;  it  is  13  feet  square,  and  will  hold  sixteen  men. 
There  are  ventilating  holes  through  the  canvas  at  the  top,  protected  by  canvas. 
It  weighs  90  lb. 

Turner's  tents  are  conical  and  oblong  ;  the  pole  is  hollow  iron,  and  is  sup- 
ported in  a  tripod,  below  which  a  stove  can  be  placed,  to  which  the  pole  serves 
as  a  chimney.  Instead  of  ropes,  galvanised  wire  and  iron  pegs  are  used,  and 
wire  ropes  running  from  the  pole  to  the  circumference  are  used  to  sustain 
hammocks,  and  so  raise  the  men  from  the  ground.  A  tent  for  eighteen  men 
weighs  300  lb.  Turner's  hospital  tent  is  60  feet  long,  29  wide,  and  18  high, 
and  weighs  896  lb.  |  A  great  advantage  of  these  and  similar  tents  is  that  a 
stove  can  be  easily  used,  and  there  is  pretty  good  ventilation  through  the 
hollow  pole.     The  raising  of  men  off  the  ground  is  also  a  great  advantaga 

Major  Rhodes'  tent  is  a  curvilinear  octagon,  which  is  made  up  by  a  frame 
of  stout  ash  or  bamboo  ribs,  which  are  stuck  into  the  ground,  passing  through 
a  double-twisted  rope  near  the  ground,  and  bent  into  the  centre,  where  they 
meet  in  a  wooden  head  fitted  with  iron  sockets,  to  receive  the  ends  of  the  ribs. 
The  framework  is  not  unlike  an  open  umbrella.  The  rope  through  which  the 
ribs  pass  is  well  pegged  to  the  ground,  and  there  are  also  outside  storm  ropes, 
so  that,  both  from  the  shape  of  the  tent  and  its  ties,  no  storm  can  blow  it 
over.  There  is  a  good  top  ventilation  through  an  opening  protected  by  a 
leathern  cap,  and  the  canvas  covering  which  contains  the  tent  (when  packed) 
can  be  divided  into  two  parts,  and  buttoned  inside  the  bottom  of  the  tent,  so 
as  to  prevent  air  from  blowing  m  under  the  canvas. 

*  Woodward,  Outlines  of  the  Chief  Cam^  Difeaaee  of  the  United  States  Army,  1868,  p.  4a 
•)■  A  very  good  description  wiU  be  found  in  Major  Bhodes*  Tent  Life  and  Encamping,  1860. 
%  Bhodes,  p.  178. 
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A  small  tent  (guard  tent),  capable  of  holding  four  or  five  men,  is  also  used. 

The  hospital  tent  is  made  of  two  of  these  tents  connected  by  a  portion  of 
tent  made  of  ribs  which  run  to  a  ridge  pole.  It  is  30  feet  long,  15  feet  wide, 
and  10  feet  high,  but  can  be  made  of  any  lengtL  The  field  tent  weighs 
100&> ;  the  hospital  tent,  395  fi>.  Both  these  seem  excellent  tents ;  they  give 
much  more  ground  area,  cubic  space,  and  standing  room,  than  any  form  of 
cone  tent,  and  are  more  convenient,  as  there  are  no  poles. 

General  Condusiont, 

The  history  of  all  wars  in  the  temperate  zone  proves  that  men  cannot  war 
without  protection  from  weather.*  Both  theory  and  experience  show  that 
the  best  arrangement  for  a  soldier  is  that  he  should  carry  a  portion  of 
a  shelter-tent^  which  may  at  once  serve  him  for  a  cloak  on  the  march,  and  a 
cover  at  night,  if  he  is  obliged  to  lie  out  without  pitching  his  tent,  and  which, 
joined  to  two  or  three  other  similar  pieces,  may  make  a  tent  to  hold  three  or 
four.  For  camps  of  position,  where  troops  are  kept  for  months,  and  where 
there  is  less  trouble  about  transport,  larger  tents  can  be  used,  and  then  either 
a  tent  like  that  of  Major  Ehodes',  or  a  two  or  four  poled  tent  like 
the  Prussian,  appears  to  be  the  best 

The  French  system,  now  adopted  by  the  Americans,  is  in  reality  a  very  old 
one.  The  Macedonians  used  small  tents  which  held  two  men,t  and  Khodes 
figures  a  little  shelter-tent  of  the  same  form  as  the  French,  and  holding 
apparently  five  men,  which  was  in  use  in  the  British  army  in  1750. 

At  various  times  in  late  wars  the  Enghsh  army  have  extemporised  tents  of 
this  description,  by  suspending  blankets  over  their  firelocks.  But  it  would 
be  much  better  to  have  a  good  shelter-tent,  which  would  make  the  men  inde- 
pendent of  their  boll-tents,  on  emergency,  and  thus  greatly  lessen  the  baggage 
of  the  army,  as  well  as  protect  the  men. 

An  army  could  then  encamp  and  house  itself  as  fast  as  it  could  take  np  its 
ground,  and  so  short  is  the  time  necessary  for  pitching  the  tent  that  eren  in 
heavy  rain  the  men  would  not  get  wet.  The  men  lie  much  more  comfortablr 
than  in  the  bell-tent,]:  and  there  is  scarcely  a  possibility  of  its  being  blown 
down. 

Caups. 

Several  regulations  have  been  issued  by  the  Quartermaster-General's  Depait- 
ment,§  and  the  "  Queen's  Eegulations  "  (pocket  edition,  section  16),  contain 
several  orders  which  will  be  noticed  hereafter.  The  Barrack  Improvem^ 
Commissioners  also,  in  their  Beport  (1861,  p.  168),  lay  down  certain  rules 
which  must  be  attended  to. 

Encampments  are  divided  into  two  kinds — those  of  position,  which  are  in- 
tended to  stand  for  some  time,  and  incidental  camps.  The  camps  are  arranged 
in  the  same  way  in  peace  and  war,  as  a  means  of  training  the  men ;  but^  of 
course,  in  peace  the  war  arrangements  need  not  be  adhered  to. 

*  The  Franco-Gterman  war  of  1870-71,  does  not  negative  the  role  that  shelter  must  be  given 
in  some  way ;  the  Germans  in  their  camps  hutted  themselves,  and  in  their  marches  foond 
shelter  in  houses  in  the  greater  number  of  cases. 

t  Rhodes*  Tent  Life,  p.  13. 

X  In  some  of  the  last  China  expeditions  waterproof  sheets  were  issued,  of  which  the  men 
made  tents  as  well  as  cloaks.  I  was  told  by  a  private  soldier  who  carried  one  of  theM,  that 
nothing  more  comfortable  was  ever  issued  to  the  men.  His  sheet  was  the  Ust  thing  tb«t  &  man 
would  part  with. 

§  R^n^Ations  and  Instmctions  for  Encampments,  "  Horse  Guards,**  1877.  A  great  deal  of 
Very  important  information  is  given  in  this  little  book. 
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In  the  Eegulations  and  Instnictions  issned  in  1877  by  the  Quartermaster- 
General's  Department,  the  following  mlee  are  laid  down  : — 

1.  That  the  means  of  passing  freely  through  the  camp  should  he  maintained. 

2.  That  the  tents,  bivouacs,  or  huts  should  be  disposed  with  a  view  to  the 
greatest  amount  of  order,  cleanness,  ventilation,  and  salubrity. 

3.  That  the  camp  be  as  compactly  arranged  as  possible,  consistently  with 
the  above  considerationa 

Troops  are  ordered  to  be  encamped  in  such  a  manner  that  they  can  be 
rapidly  formed  in  a  good  position  for  action.  This  does  not  involve  the 
necessity  of  encamping  on  the  very  position  itself.*  Although  purely  stra- 
tegical or  tactical  considerations  are  of  the  first  importance  before  an  enemy, 
yet  sanitary  advantages  must  always  be  allowed  great  weight,  and  will,  in 
most  cases,  govern  the  choice  of  ground  if  military  reasons  permit.  Cavalry 
and  infanlry  camps  are  directed  to-be  formed  with  such  intervals  between 
their  troops  or  companies  as  circumstances  may  require,  or  the  general  com- 
manding  may  direct  Open  column  is  usually  the  most  extended  order  used, — 
but  the  camp  may  be  so  compressed  as  to  give  only  8  square  yards  per  head.t 

In  front  of  the  camp  is  the  battalion  parade,  the  quarter-guard  being*  in 
front  of  all.  Behind  the  men*s  tents  are  the  kitchens,  and  behind  these  the 
tents  of  the  officers;  then  come  the  wagons,  horses,  drivers,  and  bfttmen ;  next 
the  ashpit  and  latrines,  and  on  the  boundary  line  the  rearguard.  In  fixed 
camps  the  latrines  and  kitchens  may  be  pitched  elsewhere,  if  found  advisable. 

The  distances  between  different  corps  are,  as  a  rule,  to  be  30  paces. 

Cavalry  are  encamped  in  the  same  way,  in  columns  of  troops  or  squadrons; 
4  feet  of  space  is  allowed  to  each  horse,  which  is  picketed. 

Artillery  encamp  with  the  guns  in  £!ont,  the  wagons  in  two  lines  behind, 
and  the  horses  and  men  on  the  flanks,  the  men  being  outside,  the  officers' 
tents  being  in  rear.  A  battery  of  artillery,  with  192  of  all  ranks,  and  154 
horses,  occupies  a  space  of  175j^  yards  by  133  in  open  order,  and  85  by  71^  in 
close  order.     Other  arrangements  are  given  in  the  Eegulations.  { 

On  considering  these  arrangements,  it  is  evident  that  the  compression  of 
the  men  is  considerabla  As  in  war  it  is  not  always  easy  to  give  space,  the 
importance,  even  in  a  military  point  of  view,  of  thoroughly  ventilating  the 
teuts  IB  obvious. 

Compressed  Camps, — Occasionally  the  tents  have  been  placed  much  closer 
together.  It  is  to  be  presumed  that  no  military  officer  who  regards  the 
comfort  or  health  of  his  men  will  ever  do  so  without  an  imperative  military 
necessity.  Yet  it  has  been  occasionally  done,  and  tents  have  been  placed 
almost  as  closely  as  they  could  be,  even  when  ground  was  available,  and  no 
enemy  was  in  front.  Under  these  circumstances,  an  explanation  of  the 
reasons  for  not  crowding  the  men  together  will  undoubtedly  satisfy  the  officer 
in  command  that  he  is  sacrificing  comfort,  convenience,  and  efficiency,  to  a 
false  notion  of  order  and  neatness. 

In  the  Crimea,  many  officers  dug  out  the  interior  of  their  tents,  leaving  a 
small  pillar  of  earth  to  support  the  pole ;  a  ledge  of  about  9  inches  in  width 
was  aLso  left  all  round  the  outside  to  serve  as  a  shelf ;  a  great  deal  of  comfort 
and  shelter  was  thus  given  in  cold  winds,  but  it  would  be  well  to  go  to 
as  little  depth  as  possible  unless  the  soil  is  dry. 


*  Begnlatioiu  and  Instructions  for  Encampments,  p.  1.  section  ii. 

f  Measurements  in  infantry  oampe  are  nsnally  made  in  paces :^6  paoe8=5  yards;  other 
camps  are  measured  in  yards. 

X  For  numerous  plates  of  camps,  tents,  kitchens,  kc,  the  reader  is  referred  to  the  Instruc- 
tions and  Regulations  for  Encampments,  prioe  6d. — ^which  ought  to  be  in  the  hands  of  every 
officer. 
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Points  to  he  attended  to  in  the  Erection  and  Conservancy  of  Camps, 

Dig  a  trench  round  each  tent,  4  inches  deep,  and  the  width  of  the  spade, 
and  carry  it  into  a  good  surface  drain  running  in  front  of  the  tents,  with  a 
proper  f  alL  Place  the  tent  on  the  ground  and  do  not  excavate,  or  to  a  sli^t 
extent ;  in  a  camp  of  position,  the  tents  can  sometimes  he  raised  on  a  wall 
constructed  of  stones,  or  even  earth,  if  this  can  he  plastered  over.  Whenever 
possible,  let  the  floor  of  the  tent  he  boarded,  the  boards  being  loose,  and  able 
to  be  removed.  If  there  are  materials,  make  a  framework  elevated  a  few 
inches  from  the  ground  to  carry  the  boards.  If  boards  cannot  be  obtained, 
canvas  or  waterproof  sheets  should  be  used  ;  whatever  is  used,  take  care  that 
nothing  collects  below,  and  move  both  boards  and  canvas  frequently  to  see 
to  this,  and  scrape  the  earth  if  it  is  at  all  impregnated.  If  straw  is  used  for 
bedding,  get  the  men  to  use  it  carefully  \  to  place  pegs  of  wood  or  stones,  and 
make  ropes  of  straw  running  from  peg  to  peg,  so  that  each  man  may  keep  his 
own  place  neat ;  or  to  make  mats  of  straw  of  a  triangular  shape,  and  3  or  4 
inches  thick.  Take  care  that  the  straw  is  kept  dry,  and  never  allow  the  men 
to  use  green  foliage,  or  any  damp  substance.  Have  the  sides  of  the  tent 
thoroughly  raised  during  the  day,  and  even  at  nighty  to  leeward.  Whenever 
practicable  (twice  a-week  if  it  can  be  done),  the  tents  should  be  struck,  ths 
boards  taken  up,  the  surface  well  cleaned,  the  worst  part  of  the  straw 
removed  and  burnt 

In  a  camp  of  position  dry  paths  should  be  constructed  between  the  different 
roads ;  latrines  should  be  dug  in  rear  of  the  stables,  and  not  too  near  the 
kitchen,  and  en  Echelon  with  the  camp ;  for  a  standing  camp  each  latiine 
should  be  a  trench  20  to  60  feet  long,  according  to  the  size  of  the  camp,  10 
deep  and  2  wide  at  the  top,  and  3  at  the  bottom.  The  earth  thrown  oat 
should  be  arranged  on  three  sides.  It  should  be  screened  by  branches  of  treesi 
and  9  inches  of  earth  should  be  thrown  in  every  day.*  When  4  feet  &om 
the  surface,  it  should  be  filled  in  and  another  dug,  the  earth  of  the  old  one 
being  raised  like  a  mound  to  mark  the  spot.  Close  to  it  an  urinal  should  he 
constructed,  of  a  sloping  channel  paved  as  well  as  can  be,  and  leading  into 
the  latrines,  or  of  a  tub  which  can  be  emptied  into  it,  and,  as  far  as  possible^ 
men  should  be  prevented  from  passing  the  urine  round  their  tents.  In  camps 
for  a  few  days  a  trench  12  paces  long,  2  feet  deep,  2  feet  wide  at  top  and  1 
foot  at  bottom,  is  sufficient 

A  corps  of  scavengers  should  be  immediately  organised  to  clean  away  aH 
surface  filth,  and  to  attend  to  the  latrines  and  urinals.  All  refuse  must  be 
completely  removed  ;  it  is  often  a  good  plan  to  bum  it  Both  in  peace  and 
war,  encamping  ground  should  be  often  changed,  and  an  old  camp  should 
never  be  re-occupied. 

In  addition  to  tents,  the  men  may  be  taught,  if  possible,  to  house  them- 
selves. Huts  of  wattle  should  be  run  up,  or  wooden  sheds  of  some  kind.  In 
war,  men  soon  learn  to  house  themselves,  Luscombe  gives  the  following 
account  of  the  huts  in  the  Peninsula  : — 

"  A  cork  tree  or  evergreen  oak  with  wide-spreading  branches  was  chosen,  a 
lower  branch  was  nearly  cut  through,  so  as  to  allow  the  extreme  points  to  dn^ 
to  the  ground.  Other  branches  were  then  cut  from  adjoining  trees  and  fixed 
in  a  circle  in  the  ground,  through  the  branch,  on  which  their  upper  branches 
rested.  Smaller  branches  were  then  interwoven  to  thicken  the  walls,  and  the 
inside  was  lined  with  the  broom-plant,  which  was  thatched  in.  The  door  of 
the  hut  was  put  due  east^  so  that  the  sun  might  pass  over  it  before  it  reached 
the  horizon." 


*  The  Regulations  direct  011I7  2  or  8  inches  of  earth. 
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This  hut  was  veiy  cool  duiing  the  day,  but  very  cold  at  night,  and  thus 
"  very  prejudicial  to  health." 

Sir  Garnet  Wolseley  states  that  many  English  officers  and  the  Sardinians 
generally,  in  the  Crimea,  made  comfortable  huts  in  the  following  way  : — ^A 
space  was  dug  out  2|  feet  deep,  and  the  size  of  the  hut ;  those  made  to 
contain  6  Sardinian  soldiers  were  14  feet  3  inches  long,  and  7  feet  1  inch  wide 
in  the  clear.  Gables  were  then  built  of  mud  or  stone,  or  made  of  boards  or 
wattle  and  daub ;  the  gables  were  2  feet  wider  than  the  excavation,  so  as  to 
form  a  shelf  all  round ;  a  door  was  in  one  and  a  window  in  the  other.  The 
fireplace  was  made  of  brick  or  mud,  or  simply  cut  out  of  the  face  of  the  earth 
in  one  of  the  side  walls,  a  flue  being  bored  in  a  slanting  direction,  so  as  to 
come  out  clear  of  the  roof,  and  being  provided  with  a  chimney  2  feet  in  height* 
The  pitch  of  these  roofs  should  be  at  an  angle  of  45*".* 


lo 


Hospital  Encampment  of  9  Marquees  and  14  Tenta. 
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Measnrements  are  in  paces  to  centre  jpoles  of  marquees. 
Total  depth,  116  paces.    Total  length  of  fronti  116  paces. 

Fig.  100. 

TJndeiground  huts  are  sometimes  used  in  camps  ;  they  are,  however, 
dangerous  ;  they  are  often  damp,  and  are  difficult  of  ventilation.  In  cold, 
dry  countries,  however,  they  are  warm,  and  the  Turks  have  constantly  used 
them  in  campaigns  in  winter  on  the  Danube.  They  have,  however,  frequently 
suffered  from  typhus.  If  used,  there  should  be  two  openings  besides  the 
chimney,  so  as  to  allow  a  current  of  air ;  and  a  spot  should  be  chosen  where 
it  is  least  likely  water  will  gravitate.  But  underground  huts  are  always  to 
be  discouraged  if  any  substitutes  can  be  found.  Sometimes  the  side  of  a  hill 
is  cut  into,  and  the  open  top  covered  with  boards  and  eartlu  This  is  as  bad 
afi  an  imderground  huti 


*  Drawings  of  various  kinds  of  huts  and  bivouacs  are  given  in  the  Regulations,  op.  cU, 
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Hospital  Encampment, 


When  marquees  are  available,  and  a  good  piece  of  ground  can  be  selected, 
the  best  plan  is  to  arrange  the  marquees  in  the  form  of  a  triangle.  The  figure 
(109)  shows  the  plan  proposed  by  Surgeon-Mcgor  Mofiitt,  who  has  paid  great 
attention  to  this  point.  In  the  plan  9  marquees  are  arranged,  but  3,  5,  7,  or 
a  larger  number  than  9,  may  be  equally  well  placed  in  the  same  order.  There 
is  good  exposure  to  air,  and  convenience  in  administration^ 


SECTION  IL 
THE  FOOD  OF  THE  SOLDIER-ARMY  REGULATIONS. 

The  Army  Medical  Regulations  place  the  food  both  of  the  healthy  and  sick 
soldier  under  the  control  of  the  medical  officer.  He  is  directed  to  ascertain 
that  the  rations  of  the  healthy  men  are  good,  and  that  the  cooking  is  properly 
performed ;  the  amount  of  food  for  the  sick  is  expressly  fixed.  On  taking 
the  field,  the  principal  medical  officer  is  ordered  to  advise  on  the  subject  of 
rations,  as  well  as  on  all  other  points  affecting  the  health  of  the  troopa  It 
will  thus  be  seen  that  a  great  responsibility  has  been  thrown  on  the  Medical 
'  Department,  and  that  its  members  will  be  called  upon  to  give  opinions  on  the 
quantity  of  all  kinds  of  food  supplied  to  soldiers ;  on  the  composition  of  diet ; 
on  the  quality  and  adulteration  of  the  different  articles ;  and  on  their  cooking 
and  preparation. 

In  the  case  of  soldiers  and  sailors,  definite  quantities  or  rations  of  food 
must  be  given.  It  is,  of  course,  impossible  to  fix  a  ration  which  shall  suit  all 
persons.  Some  will  eat  more,  some  less,  but  certainly  every  scale  of  rations 
should  err  on  the  side  of  excess  rather  than  defect 

The  following  are  the  rations  of  the  chief  European  armies  : — 

English  Soldier  on  Home  Service. 

The  English  soldier  receives  from  Government  1  S&  of  bread,  and  :|  ft  of 
meat,  and  buys  additional  bread,  vegetables,  milk,  and  groceries.  The  follow- 
ing table  shows  his  usual  food : — 


Nutritive  Value  in  Ounces  (avoir.)  and  Tenths  of  Ounces. 

Qnantltj  taken  dailf 

NltlXK 

Carb^ 
hydratea. 

Articles. 

In  OS.  and  t-entha 

of  oc 

Water. 

Sub- 

Fat. 

SaltL 

atancea. 

I         12           07..    ) 

Bleat, 

]    (of  which  ith[ 
(        is  bone.)         ) 

7-20 

1-44 

0-80 

•  •• 

•154 

Bread, 

24           oz. 

9-60 

1-92 

0-86 

11-81 

•31« 

Potatoes,     . 

16 

11-84 

0*24 

0  02 

8-76 

•020 

Other  vegetableB, 

8 

7-28 

0-16 

0  04 

0-46 

■050 

MUk, 

8-26       „ 

2-92 

0-10 

0  08 

018 

•0I« 

Sugar, 
Salt,   . 

1-88       „ 

0-04 

•  •  * 

•  ■  • 

1-28 

•006 

0-26       „ 

•  •  • 

•  •  ■ 

•  •  • 

■  •• 

•260 

Coffee, 

0-33       „ 

•  •  • 

•  •  • 

•  ■  • 

e«« 

Tea,    . 

016       „ 

•  •  * 

■  •  • 

•  •  • 

•  »« 

...       1 

Total  Quantity 

,           65 '82      oz. 

88*88 

8-86 

1-80 

17-48 

•808    1 
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Calculatmg  this  by  the  tables  given  at  page  196  it  would  give — 


Oitdns. 

Mtrogen, 266 

Carbon  in  albuminates,     .         .         .       899*38 ) 

Carbon  in  fats,        ....       449-28  V     ,       4718 

Carbon  in  starches,  ,  .     3369*37  j 


The  quantity  of  nitrogen  is  considerably  below  that  of  the  standard  diet, 
while  the  amount  of  carbon  is  nearly  correct,  only  this  is  given  chiefly  in  the 
form  of  carbo-hydrates,  and  not  as  fat.  The  diet  would  be  improved  by  the 
addition  of  more  meat  or  of  cheese,  and  by  the  addition  of  butter  or  of  oil. 
So  also,  while  fresh  succulent  vegetables  are  sufficient^  the  use  of  peas  and 
beans,  as  in  the  French  army,  would  be  very  desirable.* 

Using  Dr  Frankland's  table,  and  taking  the  bread  ^th  crust  and  l^ths 
crumbs,  and  the  ''  other  vegetables  "  as  cabbage,  the  total  force  obtainable  in 
the  body  from  the  soldier's  daily  diet  appears  to  be  equal  to  lifting  3848*5 
tons  one  foot  The  amount  for  the  internal  and  external  mechanical  work  of 
the  body  being  taken  at  700  tons  lifted  a  foot,  there  remains  3148  tons  for 
the  equivalent  amount  of  heat  and  all  the  other  processes. 

The  accessory  .foods  are  rather  deficient  in  the  soldier's  food,  and  vinegar 
especially  should  be  used.  Eobert  Jackson  very  justly  insisted  on  the 
importance  of  vinegar  as  a  digestive  agent  and  flavourer,  as  well,  no  doubt,  as 
an  anti-scorbutic.  He  remarks  on  the  great  use  of  vinegar  made  by  the 
Bomans,  and  possibly  the  comparative  exemption  which  they  had  from 
scurvy  was  due  to  this. 

The  diet  of  the  soldier  on  foreign  stations  is  stated  under  the  several 
headings  when  it^  differs  materially  from  that  of  home  service,  and  the 
alterations  in  the  diet  which  should  be  made  under  circumstances  of  great 
exertions  are  given  in  the  proper  chapter. 

In  the  time  of  Edward  VI.  the  English  soldier's  rations  during  war  were — 
meat  2  lb,  bread  1  lb,  wine  1  pint  (Froude). 

No  scale  of  diet  id  laid  down  for  war,  and  probably  it  would  be  fixed  at  the 
time,  and  in  view  of  the  possible  character  of  the  campaign.  The  war  scale 
should  be  very  liberal,  and  every  article  ought  to  be  issued  by  the  Supply 
Department  It  would  be  probetbly  a  good  plan  to  have  the  supply  under 
two  headings,  the  "  usual "  and  the  ''  extra  "  articles,  the  latter  being  intended 
for  special  occasions,  such  as  forced  marches,  rapid  movements  far  from  the 
base  of  supplies,  &c.  The  usual  ration  ought  not  to  contain  less  than  375  to 
400  grains  of  nitrogen.  The  following  is  suggested  as  a  liberal  and  varied 
war  ration,  which  could  be  easily  supplied  under  ordinary  cases : — Bread, 
1^  lb  ;  fresh  meat  (without  bone),  1  lb  ;  peas  or  beans,  3  ounces  ;  potatoes  or 
green  vegetables,  ^  fi> ;  cheese,  2  ounces ;  sugar,  2  ounces ;  salt,  |  ounce  ;t 
pepper,  ^  ounce ;  ground  coffee,  1  ounce ;  tea,  ^  ounce ;  red  wine,  10  ounces, 
or  beer  20  ounces.     Ko  spirit  ration  to  be  given,  except  under  order  from  the 


*  That  the  food  of  the  English  soldier  is  deficient^  especially  for  the  younger  men,  is  known 
also  from  evidence.  The  late  Director-Oeneral  (Sir  James  B.  Gibson)  strongly  uiiged  on  the 
authorities  the  desirability  of  increasing  the  ration  of  meat,  and  in  the  report  on  the  recmit- 
ing  of  the  army  the  same  point  was  brought  forward.  I  have  made  inauiries  from  soldiers,  and 
find  the  recruits  and  young  soldiers  could  eat  much  more  ;  thoug^h  tne  old  soldiers,  many  of 
whom  have  been  long  acciutomed  to  take  spirits,  and  who  have'  injured  their  digestive  powers 
by  so  doing,  take  less  food.  I  have  no  doubt,  however,  that  takingthe  army  through,  the 
ration,  especially  of  meat,  is  not  enough.  For  further  remarks,  see  The  Soldier's  Ration,  by 
F.  de  Chaumont,  Sanitary  Record,  Feb.  5, 1876. 

+  It  may  be  suggested  that  chloride  and  phosphate  of  potassium,  and  perhaps  a  little  dtrate* 
of  iron,  might  be  added  to  the  common  salt. 

2k 
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generals  of  divisions.     The  nutritive  value  of  this  diet  is  about  380  grains  cf 
nitrogen  and  5000  of  carbon.* 

The  "  extra  "  articles  would  be  kept  in  readiness  by  the  Supply  Department 
for  occasional  issue,  viz.,  salt  meat,  Australian  meat,  Chicago  meat,  dned  meal 
(such  as  Hassall's  or  M'Call's,  or  the  best  market  article  of  the  kind),  Liebig's 
extract  of  meat^  pea  and  beef  sausages,  biBcuits,  flour,  meat  biscuits,  lice,  lime 
juice,  preserved  vegetables,  brandy  or  rum,  and  vinegar. 

This  plan  supposes  that  the  "  usual "  scale  of  diet  would  be  issued  to  the 
troops,  and  the  ^*  extra  "  articles  under  certain  conditions,  and  under  order  tif 
the  general  of  the  division. 

Bread  (which  should  be  well-baked)  should  be  issued  as  long  as  possible  ^^ 
and  if  biscuit  is  issued  for  more  than  a  week,  flour  or  rice  should  be  added  to 
it  When*  salt  meat  is  issued  for  several  days  in  succession,  vinegar  should 
be  given  with  it.  If  no  vegetables  can  be  obtained,  lime  juice  should  he 
early  had  recourse  to. 

The  usual  alcoholic  ration  of  the  troops  should  be  beer  or  wine,  instead  of 
spirits  (see  page  302).  As  all  the  continental  armies  issue  wine  rations  in  wa^ 
there  can  be  no  difficulty  on  the  score  of  transport;  and  even  with  beer,  thoi]g)i 
twice  as  bulky  as  wine,  it  is  believed  that  it  could  be  in  most  cases  supplied. 

But  the  issue  of  red  wine  instead  of  spirits  is  strongly  urged. 

For  rapid  expeditions,  when  transport  has  to  be  reduced  to  the  minimum,  the 
use  of  concenl^ted  and  cooked  foods  is  all  important.  The  men  can  cany 
enough  for  seven  or  eight  days,  and  are  then  independent  of  all  base  of  supply. 

Pea  and  flour  sausages,  meat  biscuits,  and  dried  meat,  are  the  best  to  use ; 
and  the  issue  of  cheese  and  bacon  fat,  if  it  can  be  obtained  with  these,  gives 
a  diet  which  is  fairly  nutritious  and  not  disagreeable.  The  following  would 
be  the  weight  of  food  which  would  last  a  man  for  a  week,  and  render  him 
independent  of  the  Gomnussariat  during  that  time  : — Biscuit,  2  Tb  ;  pea  or 
flour  meat  sausage,  4  fi> ;'  dried  meat,  2  lb  ;  sugar,  f  Jb ;  tea,  ^  9b  ;  cheese,  1 
lb  ; — total,  10  lb.  That  is  to  say,  a  weight  of  10  fi»,  which  would  be  lessening 
day  by  day,  would,  if  properly  used  by  the  men,  carry  them  through  a 
week's  labour,  and  although,  of  course,  a  meagre  diet^  would  yet  enable  them 
to  do  their  work. 

The  extract  of  meat,  as  an  extra  ration,  is  intended  for  another  purpose. 
It  has  a  great  restorative  power,  and  should  be  kept  for  special  cases,  such  ffi 
the  following : — 

1.  It  is  expected  the  army,  after  a  rapid  march,  will  meet  the  enemy,  acd 
that  there  will  be  no  time  for  preparing  food.  A  small  quantity  of  Liebig^s 
extract,  merely  mixed  with  3  or  4  ounces  of  red  wine,  will  restore  strength  in 
a  wonderful  way  ;  no  cooking  is  required,  and  ten  minutes  time  will  supply 
a  whole  regiment. 

2.  The  force  meets  heavy  weather,  and  every  man  is  drenched.  The  issK 
of  Liebig's  extract,  made  into  hot  soup,  and  with  wine  added,  will  have  a 
very  great  effect  in  preventing  bad  consequences. 

*  For  liurther  remarks  see  *'  Military  Hygiene/'  a  lecture  by  F.  de  Ghaumont,  Jounud  d 
the  United  Service  Institution,  1870, 

f  Steam  baking  ovens  have  been  used  in  the  Autumn  Manoeuvres,  and  have  been  found  vaj 
good.  Field  ovens  were  also  built  by  iron  hoops  fixed  in  the  ground.  Sir  G.  Wolseley  gim 
the  following  plan :— Take  a  barrel  (with  iron  hoops,  if  possible),  knock  out  the  head,  lay  u  on 
its  side,  after  scraping  a  bed  for  it ;  cover  it  with  a  coatme  of  6  or  8  inches  of  thick  mud,  except 
at  the  open  end  ;  pile  up  sand  or  eai'th  to  a  thickness  of  o  inches  over  the  mud  ;  arrange  a  ttae 
at  the  end  distant  from  the  open  part,  through  the  mud  and  earth,  of  8  inches  diameter,  to 
increase  the  draught  when  the  fire  is  burning.  Form  an  even  surface  of  well-kneaded  mud  st 
the  bottom  of  the  barrel ;  light  a  fire  in  the  barrel,  and  keep  it  alight  until  all  the  wood  ii 
burnt ;  there  will  then  be  a  good  oven  of  clay,  supported  by  the  iron  hoops.  When  heated  for 
baking,  the  mouth  is  doeed  with  boards,  or  a  piece  of  iron  or  tin.  These  ovens  were  used  ia 
the  Red  Biver  Expedition,  and  answered  admirably.  , 
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3.  A  forced  march  has  to  be  made  in  a  very  short  time,  and  no  fires  can 
he  lighted  for  cooking.  liebig's  extract  in  small  tins  should  be  distributed 
to  the  men,  who  should  spread  it  on  their  biscuits. 

4.  After  action  it  is  invaluable  for  wounded  men,  and  can  be  carried  about 
the  field  and  given  to  the  men  who  cannot  be  brought  into  the  hospital 

It  would  be  convenient  to  have  the  extract  carried  in  cases  holding  small 
quantities,  so  that  one  pot  may  be  issued  to  ten  or  twenty  men. 

The  strength  and  use  wiU  require  to  be  explained. 

In  war  the  supply  of  food  is  often  difficult,  but  as  an  army  ''  fights  on  its 
belly,"  the  importance  of  food  at  critical  movements  cannot  be  overrated. 
The  uncertainty  of  the  time  of  supply,  and  the  difficulty  of  cooking,  often 
cause  the  men  to  be  without  food  for  so  many  hours  as  to  greatly  exhaust 
them  ;  and  some  actions  have  been  lost,  others  have  remained  without  good 
result,  from  this  cause.  This  can  only  be  avoided  by  regimental  transport 
of  condensed  and  ready  cooked  food,  which  may  be  used  on  such  emergencies, 
and  given  in  addition  to  the  usual  rations  issued  by  the  Supply  Departments. 
The  colonel  of  a  regiment  would  then  always  be  sure  that  he  had  the  means 
of  keeping  up  the  strength  and  vigour  of  his  men.  The  Germans  are  now 
trying  a  plan  of  cooking,  which  is  intended  to  obviate  one  difficulty  on  the 
march.*  A  Viennese  engineer  (Herr  Eeuerle)  has  altered  Papin's  digester  in 
such  a  way  as  to  make  it  a  convenient  cooking  utensil,  and  it  is  now  in  use  in 
the  Austrian  ambulances.  It  is  a  doubly  conic  iron  pot  covered  with  a  lid, 
and  capable  of  standing  the  pressure  of  five  atmospheres  ;  the  lid  is  fastened 
by  screws,  and  a  layer  of  felt  or  india-rubber  is  between  it  and  the  rim  of  the 
pot,  so  as  to  exclude  air ;  in  the  lid  is  a  ventilating  opening,  weighted  to  2*59^ 
(Austrian  s  3*1  lb  English),  so  that  it  opens  when  the  pressure  exceeds  one 
atmosphere.  The  meat,  salt,  vegetables,  &c.,  are  put  into  this  digester,  and 
it  is  fiUed  up  with  water  till  about  3  fingers'  breadth  from  the  top.  The 
amount  of  water  is  1  pint  (English)  to  1  £  of  meat  (English).  This  makes 
so  strong  a  soup  that  it  has  to  be  diluted.  The  pot  with  the  lid  screwed 
down  is  put  on  the  fire  (three  iron  supports  from  which  the  pot  hangs,  like  a 
gipsy's  kettle,  are  provided  for  the  field),  and  as  soon  as  steam  is  developed, 
which  is  known  by  opening  the  ventilator  a  little,  the  fire  is  moderated.  In 
an  hour  and  a  half  the  soup  is  ready.  Pots  to  cook  from  eight  to  twenty-five 
rations  are  made,  and  special  arrangements  are  made  for  cooking  potatoes,  &c 
The  plan  is,  in  fact,  in  principle  similar  to  Warren's  compressed  steam  boilers, 
now  used  in  the  army,  but  is  simpler. 

One  advantage  in  active  service  of  this  plan  is,  that  if  the  troops  are  sur- 
prised, and  have  to  move  off  their  ground  before  the  soup  is  ready,  the  pot  is 
simply  thrown  into  the  waggon,  and  at  the  end  of  the  march  the  soup  is 
usually  found  to  be  ready,  f 

Rations  of  the  French  Soldier.]: 
In  time  of  Peace, 

Under  the  new  regulations  of  1873,  the  Government  furnishes  the  meat  for 
the  soldiers'  rations  at  about  35  per  cent  under  market  price.     This  has 

*  Der  Beaerle'sche  Dam^fkochtopf. — Deatsche  Militairarztliche  Zeitsch.  1872,  heft  v.  p.  215. 

^  In  the  Crimea.  Soyer  introdnced  various  portable  cooking  stoves,  but  probably  the  com- 
pressed steam  coolcing  will  supersede  all  others.  Soyer  also  gave  several  receipts  for  field 
cooking;  which  were  found  to  be  verj'  useful.  A  number  of  these  receipts  were  printed  in  1872 
at  the  Royal  Artillery  Institution  at  Woolwich.  In  case'of  a  war,  it  would  be  useful  to  print 
some  receipts  of  the  same  kind,  adapted  to  the  particular  sort  of  cooking  stove  then  in  use. 

t  Code  des  Officiers  de  Sant^,  par  Didiot,  1862,  pp.  481,  et  seq.  Alterations  have  been 
made  in  the  scale  of  diet  since  1874 ;  the  new  scale  is  given  in  the  text. 
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proved  a  great  advantage  for  the  soldier.  The  State  also  fumislieB  bread 
(pain  de  niaintien)  and  fuel ;  the  white  bread  (pain  de  soupe),  as  well  s 
other  articles,  are  bought  from  the  funds  of  the  ordinaire^  or  common  fond 
of  the  company,  battery,  or  squadron.  To  this  the  soldier  pays  43  centimes 
a-day,  out  of  48  that  he  receives,  except  in  Paria,  when  his  contribution  u 
51,  out  of  a  total  of  58.     The  remaining  5  or  7  centimes  he  receives  in  caak 

Infantry  of  the  Line.* 

Munition  bread, 
White  bread  for  soup, 
Meat  (uncooked), 
Vegetables,  (green),     . 
„  (dried),     . 

Salt,  .... 


Pepper, 


QrammeB. 

OnneesaToir. 

750 

26-5 

250 

8-8 

300+ 

10-6 

100 

3-5 

30 

11 

15 

0-5 

f  0-07 
=  31  grains. 

2 

Total 


51-70 


If  biscuit  is  issued,  550  grammes  (or  19*4  ounces)  are  given  in  place  d 
bread.  If  salt  beef  is  used,  250  grammes  (8*8  ounces)  are  issued,  or  200 
(7  oz.)  of  salt  pork.  Haricot  beans  form  the  chief  part  of  the  diied 
vegeta1)les. 

Analysed  by  the  table  for  calculating  diets,  and  deducting  20  per  cent  from 
the  meafc  for  bone,  the  water-free  food  of  the  French  infantry  soldier  is,  in 
ounces  and  tenths — 


Bread,         .... 
Meat,  .... 

Tegetables  (taken  as  cabbage), 
Vegetables  dried  (as  peas)    . 


Water. 


Total, 


1416 
6-80 
8-19 
0-16 


28-80 


Albninl- 
nates. 


2-820 
1-260 
0-007 
0-242 


4-329 


Fata,' 


0-530 
0-705 
0  017 
0-022 


1-274 


Starcbeik 


17-25    . 

0-21    i 
0-58 


18-04 


In  Algiers  the  ration  of  bread  is  also  750  grammes,  or  26*5  ounces,  and  8^ 
ounces  for  soup,  or  biscuit  643  grammes.  The  meat  is  the  same ;  60  grammes 
of  rice  and  15  of  salt  are  issued,  and  on  the  march,  sugar,  coffee,  and  ^  litre  of 


wme. 


In  time  of  War  (Moracke). 


TotaL 

Water. 

Albuni- 
natea. 

Fata. 

Starcliei. 

Meat  (without  bone),    . 
Bread,          •         .        .        *. 
Or  Biscuit,  .... 
Dried  Vegetables, 

Total,    •        .        .        . 

Salt, 

Sufl^,          .... 
VA/Hee,           .... 

8-40 
86-80 
(26-60) 

2-12 

6-8 
141 

•  •  * 

«  •  ■ 

1-26 
2-82 

0-60 

0-70 
0-63 

•  •  > 

*  •  • 

17'25 
1-50 

45-82 

20*4 

4-68 

1-28 

18-75    ' 

(oz. 

To  »» 
TTTn 

Total  water-free  food,  24*56  ol. 

*  As  given  by  Morache.  Traits  d'Hygidne  Militairo,  1874. 
t  240  without  bone* 8 -4  ounces. 
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The  sugar  and  coffee  are  sometimes  replaced  by  25  centilitres  (9  ounces)  of 
"wine,  or  6^  centilitres  (2 '2  ounces)  of  brandy. 


Oe&max  Soldibe.* 

The  soldier  receives  his  pey  every  ten  days — i.e.y  three  times  armonth  ;  it 
amounts  to  three  thalers  (or  9  shillings  English)  per  month,  f  or  3  silber- 
groschen  (  =*  3 J  pence  nearly)  a  day.  Out  of  this  he  has  to  defray  the  cost  of 
a  warm  dinner  ("  menage  ")  at  the  rate  of  1 J  silbeigroschen  ( =  1 J  penny)  ; 
and  he  also  receives  a  mess  contribution,  varying  according  to  the  market 
prices  of  food.  J 

Bread. — ^In  garrison,  the  daily  ration  of  bread  is  1  fi>  12  loth§  =  24*67 
English  ounces,  and  is  issued  in  loaves  for  four  days,  weighing  98*68  English 
ounces.  On  the  march,  in  some  fortresses,  and  to  prisoners  sentenced  to  hard 
labour,  the  larger  bread  ration  of  1  fi>  26  loth  =  32-93  English  ounces,  daily  is 
issued.  On  the  march,  the  soldier,  when  quartered  in  private  houses,  gets 
his  mess  contribution  deducted,  but  has  the  right  to  be  supplied  by  his  Iwid- 
lord  with  32*93  (English)  oz.  rye  bread,  8*82  (English)  oz.  meat,  vegetables, 
and  salty  the  latter  in  sufficient  quantity  for  two  meals  (dinner  and  supper). 
Soldiers  in  cantonments  or  bivouacs  are  provided  with  food  from  the  stores, 
and  their  mess  coniaibution  is,  of  course,  deducted. 

The  rations  in  time  of  peace  are  divided  into  the  smaller  and  the  larger 
victualling  rations. 

Smaller  Rfttlon.         •     supplied  from  the 

in  ounces  aroir,    ^^4^^  ^^^  ^^  ^^^^^  ^^^ 

26*50  26*50 


Bread,     ,        ,        ,        , 

Meat  (raw), 

Eice,       .         r        .         . 

Or  imhusked  Barley  (Groats), 

Or  Peas  or  Beans,    . 

Or  Potatoes.|| 

Salt,       .... 

Coffee,         .  r  r  , 


6-00    .  8*82 

3*20  4*22 

4*21  5*28 

8*22  10*60 

53*08  70*5 
0*87  0*87 

0*468  0-468 


Troops,  when  travelling  on  railway  or  on  steamers,  receive  an  additional 
pay  of  2 J  silbergroschen  ( =  3  pence)  per  man  for  refreshments.  Should  the 
travelling  last  longer  than  16  hours,  the  additional  pay  is  doubled. 

In  time  of  War. — The  ewpply  of  rations  for  the  Grermans  during  the  Franco- 
Grerman  war  was  thus  conducted  ; — 

1.  During  the  marches  in  Grermany  the  men  were  billeted,  and  money  was 
paid  for  their  food, 

2.  Supplies  were  drawn  from  the  magazines. 

3.  Supplies  were  obtained  by  requisition  when  the  troops  entered  France. 
This  last  plan  was  a  bad  one,  as  was  especially  shown  in  the  march  to  Sedan, 

*  For  thia  information  I  have  to  thank  my  friend  Dr  Roth,  of  the  Prussian  Army. 

i"  I/ance-corporals  and  privates  which  have  engaged  themselves  to  serve  a  longer  term  of 
years  receive  an  additional  pay — 1  thaler  (3  shillings)  per  month. 

X  In  the  new  currency— 1  thaler  <-  3  marks  ;  1  mark  —  100  pfennings ;  1  silbergroschen  1- 
10  pfennings. 

§  The  Prussian  weights  are  now  assimilated  to  the  French  ;  the  Prussian  pound  is  —  }  kilo- 
gramme or  500  grammes  ;  the  loth  —  16*66  grammes  or  '5879  oz.  avoir. 

II  25  per  cent,  is  lost  in  boiling  and  peeling ;  besides,  smaller  potatoes  than  the  English  kind 
are  served  out,  occasioning  still  more  waste. 
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where  the  Greimans  passed  over  a  country  preyionsly  nearly  exhausted  by  tiis 
French.  The  principal  defect  was  the  great  uncertainty  and  iiregulaiity  of 
the  supplies  ;  some  corps  received  too  much,  others  too  little,  and  tiie 
hospitals  especially,  which  had  not  men  to  send  out  to  get  supplies,  were  par- 
ticularly badly  oS.  The  quality  of  the  food  was  also  often  bad  ;  so  tha^  as 
far  as  the  health  of  the  troops  is  concerned,  the  system  of  supplies  by  reqnia- 
tion  should  be  as  little  used  as  possible.  It  must  be  noted,  however,  here, 
that  the  Germans  did  not  pay  ready  money,  which  migh^  perhape,  have 
attracted  hetter  supplies  than  the  system  of  written  vouchers.  The  magazine 
supplies  were  excellent^  but  occasionally  failed  in  certain  articles,  as  fresh 
meat,  as  a  substitute  for  which  the  celehrated  pearsausage  was  issued.  But  it 
was  found  that  if  the  pea-sausage  was  used  too  exclusively,  the  men  disliked 
it  In  fact,  one  of  the  greatest  difficulties  was  the  too  great  uniformity  of 
the  food.  To  do  away  with  this,  bacon^  preserved  and  smoked  meat,  peas  and 
white  beans,  and  potatoes,  when  possible,  were  issued  as  a  change  of  diet 
Independent  of  these  extra  issuesy  the  daily  German  ration  was  as  f  oUowb,  in 
English  weights : — 


One    ( 

of    \ 

these   ( 


One   f 

of    \ 

these  ( 


Bread,  26^  ounces,  or  biscuit^  17    ounces. 

Fresh  or  salt  meat,      .         .        «      13        „ 

Salted  beef  or  mutton, 

Bacon, 

Eice, 

Barley  or  groats, 

Peas  or  beans. 

Flour, 

Potatoes,    . 

Salt, 

Coffee, 


if 


9* 


91 


9    ounces,  or 

5|  ounces. 

4-4 

4-4 

8-8 

8-8 

3-3  lb 
'7  ounce. 

*7  ounce  of  unroasted,  or 
1  ounce  of  roasted. 

The  want  of  knowledge  of  cooking  was  very  great,  and  also  the  additiim 
of  articles  to  give  flavour,  as  vinegar  and  spices,  Would  have  been  much  prizei 
Both  strongly  recommends  the  establishment  of  a  school  for  cooking,  like  that 
at  Aldershot 

The  bread,  owing  to  the  long  time  it  was  on  transport,  was  somedmai 
mouldy. 

Austrian  Solddcb.    iKratts,  quoted  by  Roth.) 
In  time  of  Peace  (in  ounces  avoir.)* 


TotaL 

Water. 

Nltrogunou 
snbstanees. 

Fattj 

buImUiiom. 

atanisj 

Bread, 

Meat  (withont  bone),   . 
Suet, 

Flour  of  diiferent  grains  ) 
(or  v^tables),         .  \ 

81-00 
6-60 
0-62 

2-48 

12-40 
4-95 
0  06 

0-87 

2-47 
0-99 

«  •  ■ 

0-27 

0-465 
0-562 
0-566 

0-050 

16-25 

175 

* 

40-70 

17-78 

8-78 

1-642 

17-00     [ 

Total  solids  (water-free  food)  -  22*372.     To  this  are  added,  garlic,  onianB, 
vinegar,  and  -^  oz.  of  salt 


-iil  '^  ^^*  *"  ^^^^  *^"  ^*^'  ^^*  *^«  oonstltuenta  are  calculated  from  the  table  at  put 
195.    Both  gives  an  average  of  nitrogenous  substanoes  8-93,  iat  2016,  and  stan^  16-4. 
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The  amount  is  piettj  good,  but  there  is  too  great  a  preponderance  of  bread, 
and  there  is  too  great  sameness.  The  fat  is  in  too  small  a  quantity ;  the 
nitrogenous  substances  are  too  small 

In  time  of  War. — ^It  is  difficult  to  calculate  the  daily  ration,  as  there  is  a 
weekly  issue  of  many  substances.  On  four  days,  fresh  pork  is  issued  ;  the 
total  amount  being  26  oz.,  or  6^  oz.  daily.  On  one  day,  6  oz.  of  salt  pork  ; 
on  one  day,  6  oz.  of  beef ;  and  on  one  day,  6  oz.  of  smoked  bacon ;  altogether 
in  the  week,  44  oz.  of  meat  are  issued ;  and  in  addition,  1  oz.  of  butter  or  fat 

There  are  also  issued  per  week  : — 24^  oz.  of  biscuit,  147  oz.  of  flour  for 
bread,  29|  oz.  of  flour  for  cooking,  .5^  oz.  of  pickled  cabbage  (sour  kraut),  9 
oz.  of  potatoes,  5^  oz.  of  pease,  and  5  oz.  of  barley. 

Wine,  brandy,  and  beer  are  also  given. 


BnssiAN  Soldier.''^ 


There  are  196  Meat  days  and  169  Fast  days  in  the  year. 


HeatDaya 

Fast  Days. 

Moat  with  ScbUchi 

and  Oruel, 

196dayi. 

Sehtichl  and 

Gruel, 

UTdaya. 

Peas  and  Gruel, 
63  days. 

Meat, 

7  OZ.  Enff. 

•  •  • 

•  a  • 

Bread  (Rye),         .... 

42      „ 

42  OZ. 

42  oz. 

Sour  kraut  (and  sliced  cabbage),  . 

14-5fl.oz. 

14*6  fl.  oz. 

•  •  • 

Chervil  (Cerefoliwm^  an  aromatic 
herb,  fresh),     .... 

1 

•  •  • 

1*1  oz. 

■  •  « 

Peas,    . 

*        . 

•  •  • 

•  •  • 

2*83  fl.  oz. 

Oats  (nnhnsked), 

0*5  fl.  oz. 

0*7  fl.  oz. 

0-28  fl.  oz. 

Flour, 

0*7  fl.  oz. 

0*7  fl.  oz. 

•  •  • 

Onions, 

0'2fl.oz. 

0*8  fl.  oz. 

0*5   fl.  oz. 

Pepper, 

Sgrs. 

Sgrs. 

8  grs. 

Bay  leaves, 

Sgrs. 

8grs. 
\  fl.  oz. 

8gr8. 

Vegetable  oil. 

•  •  • 

•  ■  • 

Water, 

70  fl.  oz. 

70  fl.  oz. 

70fl.oz. 

Butter, 

0*6  oz. 

*•  ■ 

•  •• 

Lard, 

... 

0-5  oz. 

0*5  oz. 

Salt,    .... 

■ 

1*86  oz. 

1-86  oz. 

1*86  oz. 

Buckwheat, 

l*87fl.  oz. 

1-87  fl.  oz. 

1-87  fl.  oz. 

On  the  march.  If  lb  biscnit  (24^  English  oz.)  instead  of  bread.  Brandy 
only  on  rare  occasions,  calculated  at  135  fluid  ounces  per  year  (in  5  oz.  rations). 

8ep(yy  Diet, — ^Dr  Godwin  has  calculated  the  diet  of  a  Hindu,  such  as  a 
Sepoy  servant,  to  consist  of  4*387  oz.  of  albuminates  ;  1*278  oz.  of  fat  ; 
18-584  oz.  of  carbohydrates  j  and  "64  oz.  of  salts — ^total  water  free  food, 
25*113  oz.  It  is  thus  a  really  better  diet  than  that  of  the  European  soldier. 
The  principal  articles  were — 24  oz.  of  attar  (ground  wheat),  4  oz.  of  dhoU 
(pea),  and  1  oz.  of  ghee  (butter).  In  other  cases  rice  is  more  or  less  sub- 
stituted for  wheat  The  Hindu  diet  consists  of  wheat,  or  of  some  of  the 
millets  (cholum,  raggee,  cumboo — see  Millets),  rice,  leguminosse  (Gajanus 
indicus),  with  green  vegetables,  oil,  and  spicea  If  any  kind  of  diet  of  this 
sort  has  to  be  calculated,  it  can  be  readily  done  by  means  of  the  analysis  of 
the  usual  foods  previously  given.     For  example,  a  Hindu  prisoner  at  labour 

*  From  Dr  Oscar  Heyfelder's  The  Russian  Camp  at  Erasnoe  Belo,  Qerman  edition,  1868. 
The  gruel  is  made  of  boiled  buckwheat,  Ace  Bchtachi  is  made  of  soup  and  sour  kraut  well 
boiled  together.    The  amount  of  bread  seems  ]ai|[e,  but  it  may  be.  watery. . 
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in  Bengal  receives,  under  Dr  Mouat's  dietary,*  the  following  diet  duiing  his 
working  days  : — 


TotaL 

Water. 

Album. 

Fat^ 

Starchea 

Salt. 

oz. 

oz. 

oz. 

oz. 

oz. 

oz. 

Rice,  .... 

20 

2 

1 

•16 

1674 

•1 

Dholl  (a  pea,  Gajofiiua  ) 
indieus),          .        .  { 

4-25 

•4 

•9 

•08 

2^75 

•12 

Vegetables  (reckoned  aa  ) 
cabbage),          .        .  { 

6 

5-46 

•12 

•03 

•84 

•04 

1 

Oil,     .... 

•88 

•  •  • 

«  ■• 

•33 

•  •  ■ 

■  *  • 

Salt 

•88 

•  •  • 

•  «  • 

... 

«•• 

•33 

Spices, 

•38 

•  a  • 

•  •  • 

.. « 

•  •  • 

•  •  • 

In  some  Bengal  prisons,  2  ounces  of  fish  or  flesh  appear  to  be  also  given. 

In  the  Looshai  expedition  the  Sepoys  received — rice,  1  lb ;  flour,  1  Yb ;  ghee, 
2  oz.  ;  salt,  1*5  oz.t  The  nutritive  value,  if  the  ghee  is  calculated  as  butter, 
is  181  grains  of  nitrogen  and  6160  of  carbon,  which  would  appear  to  be  a 
good  diet  in  respect  of  carbon.     Probably  some  peas  were  added. 


SECTION  m. 

CLOTHING  OF  SOLDIERS. 

The  structure  and  examination  of  fabrics  has  been  already  given  (page  423). 

BeguLations. — No  specific  instructions  are  laid  down  in  the  Medical  Begulsr 
tions  respecting  clothing,  but  the  spirit  of  the  general  sanitary  rules  necessarily 
includes  this  subject  ^o.  When  an  army  takes  the  field,  the  Direetor- 
Oeneral  is  directed  to  issue  a  code  for  the  guidance  of  medical  offioeis,  in 
which  clothing  is  specifically  mentioned  ;  and  the  sanitary  officer  with  the 
force  is  ordered  to  give  advice  in  writing  to  the  commander  of  the  f orces,  on 
the  subject  of  clothing  among  other  things. 

Formerly  a  certain  sum,  intended  to  pay  for  the  clothing  of  the  men,  was 
allotted  by  Government  to  the  colonels  of  regimenta  This  was  a  relic  of  the 
old  system  by  which  regiments  were  raised — ^viz.,  by  permitting  certain  persons 
to  enUst  men,  and  assigning  to  them  a  sum  of  money  for  all  expenses.  The 
colonel  employed  a  contractor  to  find  the  clothes,  and  received  from  him  the 
surplus  of  the  money  after  all  payments  had  been  made.  A  discretionary 
power  rested  with  the  service  officers  of  the  regiment,  who  could  reject 
improper  and  insufficient  clothing,  and  thus  the  interests  of  the  soldier  were 
in  part  protected  I  The  system  was  evidently  radically  bad  in  principle,  and, 
since  the  Crimean  war,  the  Government  has  gradually  taken  this  department 
into  its  own  hands,  and  a  large  establishment  has  been  formed  at  Pimlico, 
where  the  clothing  for  the  army  is  now  prepared.     This  system  has  vrorked 


*  See  Monat's  elaborate  report  On  the  Diet  of  Bengal  Prisoners,  Government  Betam,  18G0, 
p.  49.  The  ehittack  is  reckoned  as  the  bazaar  chittack — ^viz.  «  '1288  lb,  or  nearly  2  onnoes 
avoir.  Some  useful  information  on  prison  and  coolie  diets  will  be  found  in  a  memorandnm 
prepared  by  Sunr-Maior  I.  B.  Lyon,  F.C.S.,  Chemical  Examiner  to  the  Government  at  BombaT, 
May,  1877. 

f  Indian  Med.  Gazette,  March  1,  1872. 
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extremely  well ;  the  materials  have  been  both  better  and  cheaper,  and  import- 
ant improvements  have  been  and  are  still  being  introduced  into  the  make  of 
the  gannentsy  which  cannot  fail  to  increase  the  comfort  and  efficiency  of  the 
soldier. 

At  the  Pimlico  dep6t  the  greatest  care  is  taken  to  test  all  the  materials  and 
the  making  up  of  the  articles ;  the  viewers  are  skilled  persons,  who  are  believed 
to  be  in  no  way  under  the  influence  of  contractora 

In  January  1865  a  warrant  was  issued*  containing  the  regulations  for  the 
clothing  of  the  army,  and  several  circulars  have  been  since  promulgated. 

When  a  soldier  enters  the  army  he  is  supplied  with  his  kit ;  some  articles 
are  subsequently  supplied  by  Government,  others  he  makes  good  himself. 
In  the  infantry  of  the  line  a  careful  soldier  can  keep  his  kit  in  good  order  at 
a  cost  of  about  £1  per  annum.  The  following  are  the  articles  of  the  kit 
supplied  to  the  infantry  recruit : — 

Articles  of  the  Kit  {Infardry), 


1  Forage  cap, 
1  Serge  frock. 

1  Stock. 

2  Flannel  shirts,  f 

3  Pairs  socks. 
1  Eazor. 

Mitts. 

Knife,  f ork,  and  spoon. 

Sponge. 

Blacking  (one  tin). 


2  Towels. 

1  Knapsack, 

2  Pairs  boota 
1  Pair  braces. 
1  Comb. 

1  Clothes  brush. 

2  Shoe  brushes. 

1  Shaving  brush. 
1  Button  stick. 
1  Hold-alL 


To  the  Army  Hospital  Corps  and  Artillery,  a  waterproof  bag,  for  part  of 
the  kit,  is  also  issued  to  each  man.  Squad  bags  are  issued  to  infantry,  four 
to  each  company,  to  hdd  the  surplus  kit. 

The  kit  is  divided  ("  Queen's  Regulations,"  section  10,  par.  608)  into  the 
surplus  and  the  service  kit  The  former,  consisting  of  1  shell-jacket,  1  pair 
of  socks,  1  shirt,  1  towel,  2  brushes,  and  such  articles  for  the  hold-all  as  are 
not  wanted,  is  carried  for  the  men.  The  service  kit  is  supposed  to  be  carried 
by  the  man,  either  on  his  person  or  in  his  knapsack  (see  Equipment). 

Certain  articles  are  also  issued  free  of  expense  at  stated  intervals.  For  the 
particulars  of  these,  reference  must  be  made  to  the  Eoyal  Warrant  of  1865, 
where  they  are  stated  in  detaO.  The  following  are  tide  articles  issued  to 
the  line  infantry  soldier  at  home  : — 

One  chaco  and  cover, Triennially. 

One  tunic,     .......         Annually. 

One  pair  cloth  trousers,  ....         Annually. 

One  paif  serge  trousers  in  line  regiments,  or  one  )  -p-  ^-.i-oiixr 
•   A.  _j.      X  •      *a         •       X  r  JpieTi  Til  a  I  xy. 

pair  tartan  trousers  in  rifle  regiments,  .      J  ^ 

Two  pairs  of  boots,  one  on  1st  April,  and  one  )  Annnallv 

on  1st  October, J               ^' 

One  silk  sash  for  sergeants,     ....  Every  two  years. 

One  worsted  sash  for  Serjeants,        .         .        .  Every  two  years. 


*  Revised  Royal  Clothing  Warrant,  1865 ;  another  Warrant  was  issued  in  1873,  referring 
cbiefly  to  recruits,  and  again  in  1877>  in  reference  to  issues  in  warm  cliroates. 
'('  Sy  a  ciicular,{NoYember  1865,  flannel  shirts  only  are  ordered  to  be  supplied  to  the  recruit. 
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In  India  and  the  Wed  Indies,  and  other  tropical  staiions,  light  clothing  of 
different  kinds  is  used— drill  trousers  and  calico  jackets,  or  in  India  complete 
suits  of  the  khakee,  a  native  grey  or  dust-coloured  cloth,  or  tunics  of  red  serge, 
and  very  light  cloth.  The  khakee  is  said  not  to  wash  well,  and  white  drill  is 
superseding  it  The  English  dress  is  worn  on  certain  occasions,  or  in  certain 
stationa  Formerly  the  home  equipment  was  worn  even  in  the  south  of  India ; 
but  now  the  dress  is  mtich  better  arranged,  and  also  differences  of  costume  for 
different  places  and  different  times  of  the  year  are  being  introduced 

During  Campaigns  extra  clothing  is  issued  according  to  circumstance&  In 
the  Crimea  the  extra  clothing  was  as  follows  for  each  man  : — 


2  Jersey  frocka 

2  Woollen  drawers. 

2  Pairs  woollen  socks. 

2  Pairs  woollen  mitts. 


1  Cholera  belt 
1  Fur  cap. 
1  Tweed  lined  coat. 
1  Comforter. 


To  each  regiment  also  a  number  of  sheepskin  coats  was  allowed  for  sentries. 

The  warrant  of  1865  orders  the  following  articles  of  clothing  to  be  issued 
to  every  100  men  proceeding  on  active  service  in  cold,  temperate,  or  hot 
climates  : — 


1.  In  cold  dimatee — 


Sheepskin  coats, 

Fur  caps,  . 

WooUen  comforters. 

Shirts,  grey  flannel, 

Jerseys,  blue,     . 

Boots,  knee,  brown  leather; 


Per  100  effMtlTM. 
.        8 

.  100 
.  100 
.  200 
.  100 
pairs,  100 


Per  100  effect!  let. 

Stocking,  woollen,    .  pairs,  200 

Drawers,  flannel,       .  .    „  200 

Cholera  belts,  flannel,  .         .  200 

Mittens,  lined  with  lambskin 

or  fur,        .          .  .pairs,  100 


2.  In  temperate  climates — 


Shirts,  flannel,  of  a  light  texture,  200 
Cholera  belts,  when  not  included 
in  the  voyage  kit, .        .         .  200 


Waterproof  capes, 
Watch  coats,  . 


10 
3 


3.  In  tropical  climates — 

Shirts  flannel,  of  lightest  texture, 200 

Chaco  covers,  of  white  cotton,  except  in  climates  where  the  wicker  )  ,  ^ 

helmet  and  "  Puggaree  "  (turban)  are  to  be  worn,  .  .  j 

Forag&Ksap  covers,  of  white  cotton. 100 

Frock  coats,  of  red,  green,   or  blue  serge,  when  not  supplied  as  )  -.^ 

ordinary  clothing  of  these  cHmates, ,  j 

Cholera  belts,  of  flannel,  when  not  part  of  the  sea  kit,       .         .         .  200 

Capes,  waterproof, ,         ,  10 


SECTION  IV. 
ARTICLES  OP  CLOTHING. 

1.   Underclothing,  viz.,  vests,  drawers,  shirts,  stockings,  flannel  belts,  &cl 
The  soldier,  as  a  rule,  wears  as  underclothing  only  a  shirt  and  socka     He 
is  obliged  to  have  in  his  kit  two  shirts.     There  has  been  much  discussion  as 
to  the  respective  merits  of  cotton  and  flannel  shirts.     Almost  all  medical 
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officers  prefer  the  latter,  but  their  cost,  weight,  difficulty  of  cleaning,  and 
shrinking  in  washing,  have  been  objections  to  its  general  adoption.  Colonel 
A.  Herbert  solved  the  difficulty  by  issuing  a  shirt  which  is  partly  wool,  partly 
cotton  ;  it  is  lighter  and  cheaper  than  wool,  as  durable  as  cotton,  and  does  not 
shrink  in  washing.  It  is  of  soft  even  texture,  and  weighs  19  ounces.  Under 
the  microscope,  I  counted  from  45  to  47  per  cent  of  wooL 

In  time  of  war,  shirts  may  be  partially  cleaned  in  this  way  :  The  soldier 
should  wear  one  and  carry  one  ;  every  night  he  should  change  ;  hang  up  the 
one  he  takes  off  to  dry,  and  in  the  morning  beat  it  out  and  shs^e  it  thoroughly. 
In  this  way  much  dirt  is  got  rid  pi  He  should  then  carry  this  shirt  in  his 
pack  during  the  day,  and  substitute  it  for  the  other  at  night  If  in  addition 
great  care  is  taken  to  have  washing  parades  as  often  as  possible,  the  difficulty 
of  cleaning  would  be  avoided 

Por  hot  countries,  the  common  English  flannels  are  much  too  thick  and 
irritating ;  flannel  must  be  exceedingly  fine,  or  what  is  perhaps  better,  merino 
hosiery,  which  contains  from  20  to  50  per  cent  of  cotton,  oould  be  used. 
The  best  writers^'on  the  hygiene  of  the  tropics  (Chevers,  Jeffreys,  Moore) 
have  all  recommended  flannel 

The  soldier  wears  no  drawers,  but  in  reality  it  is  just  as  important  to  cover 
the  legs,  thighs,  and  hips  with  flannel  as  the  upper  part  of  the  body. 
Drawers  folding  well  over  the  abdomen  form,  with  the  long  shirt,  a  double 
fold  of  flannel  over  that  important  part,  and  the  necessity  of  cholera  belts  or 
kummerbunds  is  avoided.  Cbdera  belts  are  made  of  flannel,  and  fold  twice 
over  the  abdomen. 

The  soldiers'  socks  are  of  cotton  ;  it  would  be  desirable  to  have  them  either 
all  of  wool,  or  half  cotton  half  wool ;  they  should  be  well  shrunken  before 
being  fitted  on.  It  has  been  proposed  to  divide  the  toes,  but  this  seems  an 
unnecessary  refinement  It  has  been  also  proposed  to  do  away  with  stockings 
altogether,  but  with  the  syBtem  of  wearing  shoes,  it  is  difficult  to  keep  the 
feet  perfectly  clean.  The  boots  get  impregnated  with  perspiration.  Some  of 
the  German  troops,  instead  of  stockings,  fold  pieees  of  calico  across  the  foot 
when  marching ;  when  carefully  done,  this  is  comfortable,  but  not,  I  believe, 
really  better  than  a  good  sock  kept  clean. 

2.  Outer  OarmerUa, — ^The  clothes  worn  by  the  different  arms  of  the  service, 
and  by  different  regiments  in  the  same  branch,  are  so  numerous  and  diverse, 
that  it  is  impossible  to  describe^  them.  In  many  cases  taste,  or  parade,  or 
fantasy  simply,  has  dictated  the  shape  or  the  material  And  diversities  of 
this  kind  are  especially  noticeable  in  times  of  peace.  When  war  comes  with 
its  rude  touch,  everything  which  is  not  useful  disappears.  What  can  be 
easiest  borne,  what  gives  the  most  comfort  and  the  greatest  protection,  is  soon 
found  out  The  arts  of  the  tailor  and  the  orders  of  the  martinet  are  alike 
disregarded,  and  men  instinctively  return  to  what  is  at  the  same  time  most 
simple  and  most  useful  It  will  be  admitted  that  the  soldier  intended  for 
war  should  be  always  dressed  as  if  he  were  to  be  called  upon  the  next  moment 
to  take  the  field.  Everything  should  be  as  simple  and  effective  as  possible ; 
utility,  comfort,  durability,  and  facility  of  repair,  are  the  princii^es  which 
should  regulate  all  else.  The  dress  should  not  be  encumbered  by  a  single 
ornament,  or  embarrassed  by  a  single  contrivance  which  has  not  its  use. 
Elegant  it  may  be,  and  should  be,  for  the  useful  does  not  exclude,  indeed 
often  implies,  the  beautiful,  but  to  the  eye  of  the  soldier  it  can  be  beautiful 
only  when  it  is  effective.* 

*  La  tenae.  dans  laquelle  le  militaire  ett  pr^t  k  marcher  k  renneml,  est  totijoxiis  belle. 
(Vaidy). 
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Head-Dress, — The  bead-<lress  is  used  for  protection  against  cold,  wet,  h^ 
and  light  It  must  be  comfortable ;  as  light  as  is  consistent  with  durability ; 
not  press  on  the  head,  and  not  to  be  too  close  to  the  hair ;  it  should  permit 
some  moYement  of  air  over  the  head,  and  therefore  openings^  not  admitting 
rain,  must  be  made ;  it  should  present  as  little  suiiace  as  possible  to  the 
wind,  so  that  in  rapid  movements  it  may  meet  the  least  amount  of  resistance. 
In  some  cases  it  must  be  rendered  strong  for  defence ;  but  the  conditions  of 
modem  war  are  rendering  this  less  necessary. 

As  it  is  of  great  importance  to  reduce  all  the  dress  of  the  soldier  to  the 
smallest  weight  and  bulk,  it  seems  desirable  to  give  only  one  head-dressy 
instead  of  two,  as  at  present  Eemembering  the  conditions  of  his  life,  his 
exposure,  and  his  night  work,  the  soldier^s  head-dress  should  be  adapted  for 
sleeping  in  as  well  as  for  common  day-worL  Another  point  was  brought 
into  notice  by  the  Crimean  war ;  in  all  articles  of  clothing,  it  much  facilitates 
production,  lessens  expense,  and  aids  distribution,  if  the  different  articles  of 
clothing  for  an  army  are  as  much  alike  as  possible ;  even  for  the  infantry,  it 
was  found  difficult  to  keep  up  the  proper  distribution  of  the  different  inaignia 
of  regiments. 

Head-Dress  of  the  Infantry, — The  present  head-dresses  are  the  bearskin  caps 
for  the  Guards,  a  smaller  and  rather  lower  kind  for  FusOiers,  busbies  for  the 
Foot  Artillery,  Engineers,  and  Eifles,  the  Highland  bonnets  and  shakos'*^  for  the 
Line,  and  forage  caps  made  of  cloth  for  aU.  The  bearskin  weighs  37  ounc»; 
the  Engineers'  busby,  13^  ounces;  the  Infantiy  shako,  9f  ounces.  It  is  for 
the  professional  soldier  to  decide  if  the  rapid  movements  and  the  necessity  of 
cover  in  modem  war  are  compatible  with  the  retention  of  the  bearskin  or  tall 
busby.  If  not,  I  believe  no  one  would  wish  to  retain  them  on  sanitary 
grounds ;  they  are  heavy,  hot,  give  tittle  shelter  &om  rain,  and  oppose  a  large 
surface  to  the  wind. 

The  present  shako  (now  about  to  be  discontinued)  is  the  best  that  has  been 
issued ;  it  is  made  of  two  pieces  of  waterproof  doth,  sewn  together  by  the 
sewing-machine ;  its  shape  is  slightly  conical ;  its  height  is  4  inches  iu 
front,  6^  behind ;  weight,  9  J  ounces,  including  the  ball  and  brass  plate^ 
which  weigh  If  ounce.  The  oilskin  cover  weighs  in  addition  1^  ounce. 
The  peak  is  horizontal,  and  measures  2^  inches.  There  is  no  nm  behind  to 
direct  off  the  rain,  but  the  lower  edge  of  the  cap  comes  well  down  over  the 
head. 

The  Glengarry  Scotch  cap,  with  a  peak  and  a  waterproof  falling  flap  behind, 
and  with  ear-flaps,  to  be  put  down  in  case  of  rain,  or  in  sleeping  out  at  night, 
has  these  great  advantages.  It  is  very  soft  and  comfortable,  presses  nowhere 
on  the  head,  has  sufficient  height  above  the  hair,  and  can  be  ventilated  by 
openings  if  desired  ;  it  cannot  be  blown  off ;  it  can  be  carried  at  the  top  of 
the  head  when  desired  in  hot  weather,  or  pulled  down  completely  over  the 
forehead  and  ears  in  cold ;  with  a  large  flap  behind,  and  ear-flaps,  its  makes 
what  the  soldier  wants,  a  comfortable  night-cap^  sheltering  the  back  and  sides 
of  the  neck  as  well  as  the  head  It  is  also  both  an  elegant  and  s  national 
head-dress.  Divested  of  the  showy  but  objectionable  feather,  which  has  been 
foisted  in  the  Highland  regiments  on  the  original  bonnet,  it  would  be  the 
best  head-dress  in  any  army  for  temperate  and  subtropical  climates.  It 
has  now  been  introduced  for  forage  caps'  by  Colonel  Herbert ;  and  there 
can  be  no  doubt  that,  if  a  good  waterproof  cover  with  flaps  is  added  for 
active  service,  it  will  be  the  only  head-dress  used  in  war.     Unfortunately, 


The  sliako  is  now  being  replaced  by  a  helmet  with  a  spike,  on  the  German  pattern. 
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either  to  save  cloth  or  from  some  idea  of  smartness,  it  is  now  being  made  so 
small  that  its  advantages  are  imperilled,  as  it  cannot  be  drawn  down  over  the 
head. 

The  peak  of  the  shako  in  the  English  army  was  worn  qtiite  honzontallj 
about  forty  years  ago ;  it  was  then  made  almost  vertical,  and  is  now  horizon- 
tal again.  It  is  perhaps  now  too  horizontal,  as  it  does  not  shade  the  eyes  at 
all  when  the  sun  is  low ;  a  moderate  curve  would  be  better. 

Head-Dress  of  the  Cavalry, — The  Horse  Artillery  and  Cavalry  cany  helmets 
and  caps  of  different  kinda 

The  shape  of  the  helmet  in  the  Guards  and  heavy  dragoons  is  excellent 
It  is  not  top>heavy  ;  offers  little  stirface  to  the  wind  ;  and  has  sufficient  but 
not  excessive  height  above  the  head.  The  material,  however,  is  objectionable. 
The  metal  intended  for  defence  makes  the  helmet  very  hot  and  heavy  ;  and 
the  helmet  of  the  Cavalry  of  the  Guard  weighs  55  oxmces  avoir. ;  that  of  the 
Dragoon  Guards,  39  ounces  (in  1868).  But  as  eveiy  ounce  of  unnecessary 
weight  is  additional  unnecessary  work  thrown  on  the  man  and  his  horse,  it  is 
very  questionable  whether  more  is  not  lost  than  is  gained  by  the  great  weight 
caused  by  the  metal  Leather  is  now  often  substituted  in  some  armies,  where 
the  cavalry  helmets  are  being  made  extremely  light. 

The  Lancer  cap  weighs  34^  ounces  ;  the  Hussar,  29f  ounce&  Both  are 
dresses  of  fantasy.  The  Lancer  cap,  except  for  its  weight,  is  the  better  of  the 
two  ;  is  more  comfortable ;  shades  the  eyes  ;  throws  off  tibie  rain  better ;  and 
offers  less  resistance  to  moving  air  than  the  Hussar  cap. 

The  undress  or  forage  cap  of  all  corps  is  a  cloth  cap,  with  or  without  a 
peak,  and  varying  in  shape  and  kind,  according  to  the  regiment,  and  weighing 
about  5  ounces. 

In  Canada,  a  fur  cap  is  used,  with  flaps  for  the  ears  and  sides  of  the  face 
and  neck. 

In  India,  many  contrivances  have  been  used.  Up  to  the  year  1842  little 
attention  seems  to  have  been  paid  to  the  head-dress  of  the  infantry,  and  the 
men  commonly  wore  their  European  forage  cap&  In  1842  Lord  Hardinge 
issued  an  order,  that  white  cotton  covers  should  be  worn  over  aU  caps ;  sub- 
sequently, a  flap  to  fall  down  over  the  back  of  the  neck  was  added.  The 
effect  of  the  cotton  cover  is  to  reduce  the  temperature  of  the  air  in  the  cap 
about  4''  to  T  Fahr.     Although  a  great  improvement,  it  is  not  sufficient. 

Afterwards  other  plans  came  into  use.  Pith  and  bamboo  wicker  helmets, 
covered  with  cotton,  have  been  much  used ;  especially  the  latter,  which  are 
very  light,  durable,  not  easily  put  out  of  shape,  and  cheap.  The  rim  should 
not  be  horizontal,  but  inclined,  so  as  to  protect  from  the  level  rays  of  the  sun. 
The  pith,  or  "  Sola "  hats,  appear  to  be  decidedly  inferior  to  the  wicker 
helmets  \  and  men  have  had  sun-stroke  while  wearing  them. 

The  turban  has  never  been  much  worn  in  India  by  the  English.  It 
requires  some  time  and  care  to  put  on ;  and  if  not  well  arranged,  is  hotter 
than  the  wicker  helmet 

In  the  French  infantry  the  shako  is  now  made  of  leather  and  pasteboard, 
and  Ib  divested  of  all  unnecessary  ornament,  so  as  to  be  as  light  as  it  can  be. 
It  comes  well  back  on  the  head,  being  prolonged,  as  it  were,  over  the 
occipital  protuberance. 

In  Algeria,  the  Zouaves,  Spahis,  and  Tirailleurs  wear  the  red  fez,  covered 
with  a  turban  of  cotton.  In  Cochin-China,  the  French  have  adopted  the 
bamboo  wicker  helmet  of  the  English. 

The  natural  hair  of  the  head  is  a  very  great  protection  against  heat 
Various  customs  prevail  in  the  East  Some  nations  shave  the  head,  and 
wear  a  large  turban ;  others,  like  the  Burmese,  wear  the  hair  long,  twist  it 
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into  a  knot  at  the  top  of  the  head,  and  face  the  sun  with  scaicelj  any  turbaar 
The  Chinaman's  tail  is  a  mere  mark  of  conquest.  The  European  in  India 
generally  has  the  hair  cut  short,  on  account  of  cleanliness  and  dust  A  small 
wet  handkerchief,  or  piece  of  calico,  carried  in  a  cap  with  good  ventilation, 
may  be  used  with  advantage ;  and  especially  in  a  hot  land-wind  cools  the  head 
greatly. 

Cravat  or  NeckdotK — ^Few  things  have  given  rise  to  more  controversy  than 
the  question  of  the  utility  of  the  English  soldier's  stiff  stock  In  the  days 
when  the  stock  was  at  its  worst,  it  was  composed  of  extremely  stiff  leather,  so 
hard  and  firm  that  it  was  impossible  to  bend  the  necL  It  rubbed  against 
and  irritated  the  submaxillary  glands,  and  was  so  uncomfortable  that  it  was 
months  before  recruits  could  wear  it  with  ease.  Becruits  were  sometime 
made  to  sleep  in  it,  in  order  to  accustom  them  to  it  more  quickly.  Of  late 
years  the  stock  has  been  made  lower,  and  more  flexible ;  and  this  modified 
stock  is  still  worn  in  England,  though  it  is  now  quite  discarded  in  India, 
where  a  thin  handkerchief  takes  its  place. 

It  certainly  seems  wonderful  that  an  apparatus  of  this  kind  should  have 
found  defenders;  for  it  was  not  merely  uncomfortable,  and  somewhat 
impeded  the  return  of  blood  through  the  external  jugulars,  and  hindered  the 
action  of  some  of  the  accessory  muscles  of  respiration,  but  also  (what  would 
be  more  perceptible  to  soldiers)  rendered  impossible  the  bending  and  varying 
attitudes  of  the  neck,  which  occur  when  a  man  makes  a  strong  exertion.  For 
great  exertion  with  the  upper  extremities  cannot  be  made  if  the  clavicles  and 
scapula  are  not  rigidly  fixed ;  and  they  cannot  be  fixed  unless  the  neck  can 
easily  bend.  On  every  account,  physiological  and  mechanical,  the  neck 
should  be  left  bare,  or  be  protected  without  any  pressure.  Nor  is  there  any 
medical  reason  why  it  should  not  be  left  bare.  Like  the  face,  the  neck  soon 
gets  accustomed  to  exposure  ;  and  besides,  if  we  let  Nature  follow  her  own 
course,  there  is  the  beard  to  shelter  important  parta 

If  the  neck  is  covered  at  all,  it  should  be  with  a  very  thin  and  supple 
cloth.  The  coUar  of  the  coat  should  be  made  low  and  loose,  so  as  to  gi^e  full 
freedom  to  every  moment  of  the  neck,  and  not  to  compress  the  root  of  the 
neck  in  the  slightest  degree.* 

In  Algeria  the  French  troops  have  long  worn  a  thin  cravat  of  cotton ;  and 
a  decree  of  March  1860  extended  its  use  to  all  the  corps  of  infantry. 

Cbflrf,  TuniCf  Sliell-Jackety  Ac, — The  varieties  of  the  coat  are  very  numerous 
in  the  army  ;  and  there  are  undress  and  stable  suits  of  different  kinds.  *  The 
infantry  now  wear  the  tunic,  which  is  a  great  improvement  over  the  old  cut- 
away coatee.  It  is  still,  however,  too  tight,  and  made  too  scanty  over  the 
hips  and  across  the  abdomen.  A  good  tunic  should  have  a  low  collar,  and  be 
loose  round  the  neck,  over  the  shoulders  (so  as  to  allow  the  deltoid  and 
latissimus  the  most  unrestricted  play),t  and  across  the  chest.  It  should  come 
well  across  the  abdomen,  so  as  to  guard  it  completely  from  cold  and  rain ; 
descending  loosely  over  the  hips,  it  should  iall  as  low  over  the  thi^bs  as  is 
consistent  with  kneeling  in  rifle  practice,  i.e.,  as  low  as  it  can  fall  without 
touching  the  ground.  Looking  not  only  to  the  comfort  of  the  soldier,  but  to 
the  work  and  force  required  of  him,  it  is  a  great  mistake  to  have  the  tunic 
otherwise  than  exceedingly  loose.     A  loose  tunic,  a  blouse  in  fact,  is  in  reality 


*  Mr  Myers  of  the  Coldstream  Guards,  has  dirt^cted  special  attention  to  this  and  other  points 
connected  with  the  stiff  dress,  especially  with  the  tight  tunic  and  collar.  He  even  thinks  the 
present  stock  worse  than  the  old  very  stiff  high  one,  which,  if  it  be  prrased  on  the  chin,  was  eo 
stiff  that  it  was  loose  about  the  neck. 

f  This  cannot  occur  if  epaulets  are  worn  ;  and  it  is  to  be  hoped  nothing  will  ever  occur  to 
bring  in  again  the  use  of  these  so-called  omauients. 
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a  more  soldier-like  dress  than  the  tight  gannent,  which  every  one  sees  must 
press  upon  and  hinder  the  rapid  action  of  mnsclea  The  tunic  should  be  well 
provided  with  pockets,  not  only  behind,  but  on  the  sides  and  in  front ;  the 
pockets  being  internal,  and  made  of  a  very  strong  lining.  In  time  of  war,  a 
soldier  has  many  things  to  carry ;  food,  extra  ammunition  sometimes,  all 
sorts  of  little  conidForts,  which  pack  away  easily  in  pocket&  If  the  appearance 
ifi  objected  to,  they  need  not  to  be  used  in  time  of  peace  ,  but  with  a  loose 
dress,  they  would  not  be  seen. 

A  great  improvement  was  made  by  Colonel  Herbert  The  old  shell-jacket 
was  done  away  with,  and  a  loose  frock  substitute  As  this  ib  sure  to 
become  the  working  dress,  and  the  tunic  will  be  kept  for  parades  merely,  the 
soldier  will  have  the  great  advantage  of  a  loose  dresa 

In  India  the  tunic  is  made  loose,  and  of  thin  material. 

Waistcoate. — No  waistcoats  are  worn  in  the  British  army,  but  they  ought 
to  be  introduced.*  A  long  waistcoat  with  arms  is  one  of  the  most  useful  of 
garments  ;  it  can  be  used  without  the  tunic  when  the  men  are  in  barracks  or 
on  common  drill.  Put  on  xmder  the  tunic,  it  is  one  of  the  best  protections 
against  cold.  At  present  the  men  are  obliged  to  wear  tight  coats,  and  having 
nothing  under  them,  line  them  with  flannel  and  wadding.  In  winter  and 
summer  they  often  weax  the  same  dress,  although  the  oppression  in  the 
summer  is  very  great  If  the  timic  were  made  very  loose  of  some  light 
material,  and  if  a  good  short  Jersey  or  Guernsey  frock  were  allowed  to  be 
worn  at  the  option  of  the  men,  the  men  would  have  cool  dresses  in  summer, 
warm  in  winter,  and  the  thin  tunic  would  be  more  comfortable  in  tlie 
Mediterranean  and  subtropical  stations. 

Trousers, — Formerly  the  army  wore  breeches  and  leggings ;  but  shortly 
before  or  during  the  Peninsular  war  trousers  were  introduced.  The  increased 
comfort  to  the  soldier  is  said  to  have  been  remarkable ;  the  trouser,  indeed, 
protecting  the  leg  quite  down  to  the  ankle,  seems  to  be  as  good  a  dress  as  can 
be  devised,  if  it  is  made  on  proper  principles,  viz.,  very  loose  over  the  hips 
and  knees,  and  gathered  in  at  the  ankle,  so  that  merely  sufficient  opening  is 
left  to  pass  the  foot  througL  The  much-laughed-at  pegtop  trousers  seem  to 
be,  in  fact,  the  proper  shape.  In  this  way  the  whole  leg  is  protected,  and 
the  increiised  weight  given  by  the  part  of  the  trousers  below  the  knee  is  a 
matter  of  no  consequence. 

The  trousers  are  supported  either  by  braces  or  a  belt  If  the  latter  be 
used,  it  should  be  part  of  the  trousers,  should  fit  just  over  the  hip,  and  not 
go  round  the  waist  It  must  be  tight,  and  has  one  disadvantage,  which  is, 
that  in  great  exertion  the  perspiration  flowing  down  from  above  collects  there, 
as  the  tight  belt  hinders  its  descent ;  also,  if  heavy  articles  are  carried  in  the 
pocket,  the  weight  may  be  too  great  for  the  belt     Braces  seem,  on  the  whole, 

the  best 

Trousers  should  be  made  with  large  pockets,  on  the  principle  of  giving 
the  men  as  much  convenience  as  possible  of  carrying  articles  in  time  of  war. 

In  India,  trousers  are  made  in  the  same  fashion  as  at  home,  but  of  drill  or 
khakee  cloth,  or  thin  serge — an  excellent  material,  especially  for  the  northern 

stations. 

Leggings  and  Gaiters. — Formerly  long  leggings  reaching  over  the  knees,  and 
made  of  half-tanned  leather,  were  used.  They  appear  not  to  have  been  con- 
sidered comfortable,  and  were  discarded  about  sixty  years  ago.  Short  gaiters 
were  subsequently  used  for  some  time,  but  were  finally  given  up,  and  for 


*  A  waistcoat  was  mtroduced  a  short  time  ago,  but  has  since  been  unfortunately  with- 
drawn again. 
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several  years  nothing  of  the  kind  was  worn.  After  the  Crimean  war  Loid 
Herbert  introduced  for  the  infantry  short  leather  leggings,  6  inches  in  height, 
and  buttoning  on  the  outsida  These  were  not  of  good  length  or  shape,  and 
have  now  been  superseded  by  leggings  which  come  more  up  to  the  knee,  and 
are  much  more  serviceable. 

In  some  of  the  French  regiments  a  gaiter  of  half-dressed  hide  comes  up  to 
just  below  the  knee  ;  short  calico  or  linen  gaiters  are  worn  by  other  corps;  a 
flap  comes  forward  over  the  instep.  The  calico  gaiters  have  been  much 
praised,  but  they  soon  get  saturated  with  perspiration,  thickened  in  ridges,  and 
sometimes  irritate  the  skin.  On  the  other  hand,  leather  gaiters,  if  not  made 
of  good  leather,  lose  their  suppleness,  and  press  on  the  ankles  and  instepi 

A  great  advantage  of  gaiters  and  leggings  is,  that  at  the  end  of  a  march 
they  can  be  at  once  removed  and  cleaned ;  but,  on  the  whole,  if  suitable  leather 
could  be  fixed  at  the  bottom  of  trousers,  it  seems  to  me  they  might  he 
abandoned 

Shoes  and  Boots. — ^In  the  action  of  walking  the  foot  expands  in  length  and 
breadth  ;  in  length  often  as  much  as  yjs^  ^  breadth  even  more.  In 
choosing  shoes  this  must  be  attended  to.  The  shoemaker  measures  when  the 
person  is  sitting,  and  as  a  rule  allows  only  x^^  increase  for  walking.  Ankle 
boots,  weighing  40  to  42  ounces,  are  now  worn  by  the  infantry  :  the  cavahy 
have  Wellingtons  and  jackboots.  The  jackboots  of  the  life  Guards  weigh 
(with  spurs)  100  ounces  avoir.  Shoes  cannot  be  worn  without  gaiten. 
Ankle  boots  are  preferable  ;  in  the  £nglish  army  they  are  now  made  to  lace, 
and  are  fitted  with  a  good  tongue.  Great  attention  is  now  paid  at  Pimlioo  to 
the  shape  and  make  of  the  boot,  and  the  principles  laid  down  by  Campez; 
Meyer,  and  others,  are  carefully  attended  to.  There  are  eight  sizes  of  length 
and  four  of  breadth,  making  thirty-two  sizes  in  alL  The  boots  are  made  right 
and  left.  The  heel  is  made  very  low  and  broad,  so  that  the  weight  is  not 
thrown  on  the  toes,  the  gastrocnemii  and  solei  can  act,  which  they  cannot  do 
well  with  a  high  heel,  and  there  is  a  good  base  for  the  column  which  forms 
the  line  from  the  centre  of  gravity,  and  the  centre  of  gravity  is  kept  low ;  the 
inner  line  of  the  boot  is  made  steaight,  so  as  not  to  push  outwards  the  great 
toe  in  the  least  degree,  and  there  is  a  bulging  over  the  root  of  the  great  toe  to 
allow  easy  play  for  the  large  joint  Across  the  tread  and  toes  the  foot  is  made 
very  broad,  so  that  the  lateral  expansion  may  not  be  impeded  ;  the  toes  are 
broad.  Great  care  is  taken  in  the  inspection  of  the  boots,  the  order  of  inq)6e- 
tion  being — \st^  The  proof  of  the  size,  which  is  done  by  standard  measure ; 
2c£,  The  excellence  of  the  leather,  which  is  judged  of  by  inspection  of  each 
boot,  and  by  selecting  a  certain  number  from  each  lot  furnished  by  a  con- 
tractor, and  cutting  them  up  ;  if  anything  wrong  is  found,  the  whole  lot  ii 
rejected  ;  Zd,  The  goodness  of  the  sewing ;  there  must  be  a  certain  number  of 
stitches  per  inch  (not  less  than  eight  for  the  upper  leathers),  a  certain  thickneae 
of  thread,  and  the  thread  must  be  well  waxed.  The  giving  up  of  boots  is 
generally  owing  to  the  shoemaker  using  a  large  awl,  and  thin  unwaxed  thread, 
with  as  few  stitches  as  possible ;  the  work  is  thus  easier  to  him^  but  the  thread 
soon  rot& 

The  Germans  are  now  introducing  a  long  boot,  with  a  slit  down  the  centre : 
it  can  be  worn  imder  the  trousers,  or  at  pleasure  outside,  as  the  slit  opens,  and 
can  then  be  laced.  A  somewhat  similar  boot  has  been  invented  by  Major 
Sir  W.  Palliser. 

Considering  the  great  injury  inflicted  on  the  foot  by  tight  and  iU-made 
boots,  by  which  the  toes  are  often  distorted  and  made  to  override,  and  the 
great  toe  is  even  dislocated  and  anchylosed,  it  is  plain  that  the  increased  atten- 
tion lately  excited  on  this  point  is  not  unnecessary.     The  compression  of 
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children's  feet  by  the  tight  leather  shoes  now  made  is  extremely  cruel  and 
injurioua  It  may,  indeed,  be  asserted  that  the  child's  foot  would  be  better 
if  left  altogether  unclothed,  and  certainly  we  see  no  feet  so  well  modelled  as 
the  children  of  the  poor,  who  run  about  shoeless.  In  the  case  of  the  soldier, 
too,  who  has  in  many  campaigns  been  left  shoeless,  and  has  greatly  suffered 
therefrom,  it  is  a  question  whether  he  should  not  be  trained  to  go  barefooted. 
The  feet  soon  get  hard  and  callous  to  blows,  and  cleanliness  is  really  promoted 
by  having  the  feet  uncovered,  and  by  the  frequent  washings  the  practice 
renders  necessary.  After  being  unworn  for  some  time,  shoes  that  previously 
Utted  will  be  found  too  small,  on  account  of  the  greater  expansion  of  the  foot, 
and  this  is  itself  an  argument  against  the  shoe  as  commonly  worn. 

The  sandal  in  all  hot  countries  is  much  better  than  the  shoe,  and  there  is 
no  reason  why  it  should  not  be  used  in  India  for  the  English  soldiers  as  it  is 
by  the  native ;  the  foot  is  cooler,  and  will  be  more  frequently  washed.  For  all 
native  troops,  negroes,  &c,  the  sandal  should  be  used,  and  the  boot  altogether 
avoided.  In  campaigns  it  is  most  important  to  have  large  stores  of  boots  at 
various  points,  so  that  fresh  boots  may  be  frequently  issued,  and  worn  ones 
sent  back  for  repair.     Soldiers  ought  to  be  trained  to  repair  their  own  boota* 

GrecUeocd  artd  Cloak, — ^In  the  cavalry,  cloaks,  with  capes  which  can  be 
detached,  are  carried.  They  are  large,  so  as  to  cover  a  good  deal  of  the  horse, 
and  are  made  of  good  cloth  ;  the  weight  is  about  5  lb  to  6  lb  for  the  cloak, 
and  2^  lb  to  3  lb  for  the  cape.  The  infantry  wear  greatcoats  weighing  from 
5  fi)  to  6  Ib.f  They  are  now  made  of  extremely  good  cloth,  are  double-br^isted, 
and  are  as  long  as  can  be  managed.  They  are  not  provided  with  pockets  at 
the  back,  which  is  a  serious  omission,  and  they  also  should  have  loops,  so  that 
the  flaps  may  be  turned  back  if  desired.  They  are  too  heavy,  and  absorb  a 
great  deal  of  wet,  so  that  they  dry  slowly.  General  Eyre's  Committee  on 
Equipments  recommended  a  lighter  greatcoat,  and  in  addition  a  good  water- 
proof cape.  The  suggestion  seems  to  be  a  very  good  one.  J  A  hood  might 
also  be  added  with  advantage.  In  countries  with  cold  winds  they  are  a  great 
comfort  Or  the  Eussian  bashlik  might  be  introduced  ;  it  is  a  most  useful 
covering  for  cold  and  windy  countries. 

The  greatcoat  is  perhaps  the  most  important  article  of  dress  for  the  soldier. 
"With  a  good  greatcoat,  Robert  Jackson  thought  it  might  be  possible  to  do 
away  with  the  blanket  in  war,  and  if  india-rubber  sheets  were  used  this  is 
perhaps  possibla  In  the  Itahan  war  of  1859,  the  Erench  troops  left  their 
tunics  at  home,  and  campaigned  in  their  greatcoats,  which  were  worn  open  on 
the  marcL§ 

In  countries  liable  to  great  vicissitudes  of  temperature,  and  to  sudden  cold 
-winds,  as  the  hilly  parts  of  Greece,  Turkey,  Afifghanistan,  &c.,  a  loose,  warm 


*  It  iDftv  be  worth  while  to  give  a  receipt  for  making  boots  intpenneable  to  wet.  I  have  tried 
the  foUowing  and  found  it  effectual : — ^Take  half  a  pound  of  shoemaker's  dubbing,  half  a  pint 
of  linseed  oil,  half  a  pint  of  solution  of  india-rubber  (price  3b.  per  gallon).  Dissolve  with  gentle 
heat  (it  is  very  inflammable),  and  rub  on  the  boots.  This  will  last  for  five  or  six  months ;  but 
it  is  well  to  renew  it  every  three  months.  At  a  small  expense  the  boots  of  a  whole  regiment 
could  be  thus  made  impermeable  to  wet.  Army  Circular,  clause,  66,  1875,  directs — 1,  That 
boots  are  to  be  blackened  with  three  coats  of  ordinary  blacking,  instead  of  other  substances. 
2.  Boots  or  shoes  in  store  are  to  be  dubbed,  or  have  neat's-foot  oil  applied  to  uppers,  at  least, 
once  in  four  months. 

f  I  weighed  three — one  large  size,  one  medium,  and  one  small ;  the  weights  were  6  lb  8 
ounces.  5  &  9  ounces,  and  5  lb  8  ounces. 

X  Clause  155,  1876,  of  Army  Circulars  directs  the  issue  of  a  water-proof  coat  for  certain 
duties. 

§  Cloth  may  be  made  waterproof  by  the  following  simple  plan :— Make  a  weak  solution  of 
glue,  and  while  it  is  hot  add  alum  in  the  proportion  of  one  ounce  to  two  quarts  ;  as  soon  as  the 
alum  is  dissolved,  and  while  the  solution  is  hot,  brush  it  well  over  the  surface  of  the  cloth,  and 
then  dry.    It  is  said  that  the  addition  of  two  drachms  of  sulphate  of  copper  is  an  improvement. 

2o 
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cloak,  whicli  can  be  worn  open  or  folded,  is  used  by  the  inhabitants,  and  should 
be  imitated  in  campaigns.  It  is  worthy  of  remark,  that  in  most  of  these 
countries,  though  the  sun  may  be  extremely  hot,  the  clothes  are  very  warm. 

In  very  cold  countries,  sheepskin  and  buffalo-hide  coats,  especially  tiie 
former,  are  very  usef uL  No  wind  can  blow  through  them ;  in  the  cold^ 
night  of  their  rigorous  winter  the  Anatolian  shepherds  lie  out  in  their  sheep- 
skin coat  and  hood  without  injury,  though  unprotected  men  are  frozen  to 
death.  In  Bulgaria,  the  Crimea,  and  other  countries  exposed  to  the  pitiless 
winds  from  Siberia,  and  the  steppes  of  Tartary,  nothing  can  be  better  than 
coats  like  thesa* 


SECTION  V. 

WEIGHTS  OF  THE  ARTICLES  OF  DRESS  AND  OF  THE  ACCOUTRE- 
MENTS, AND  ON  THE  MODES  OF  CARRYING  THE  WEIGHTS. 

The  following  tables  give  the  weights  of  all  the  articles  used  by  a  Heavy 
Cavalry  Regiment,  an  Hussar  Regiment,  and  the  Infantry  of  the  Line.  The 
weights  carried  by  the  Artillery  are  much  the  same  as  those  of  the  Cavalir. 
The  weights  of  the  helmets  and  jackboots  of  the  Life  and  Horse  Guards  have 
been  already  mentioned.  The  cuirass  weighs  10  fi>  12  oz.  ;  it  rests  a  little  o& 
the  sacrum  and  hip,  and  in  that  way  is  more  easily  borne  by  the  man.  With 
these  exceptions,  the  weights  may  be  ccjnsidered  nearly  the  same  as  those  of 
the  heavy  dragoona 

Cavalry. 

The  weight  of  the  accoutrements  and  equipment  is  in  great  part  carried  by 
the  horse.  The  cloak,  when  not  worn,  is  carried  in  a  roll  over  the  shoulder, 
or  sometimes  round  the  neck,  or  in  front  on  the  horsa 

Private  in  Qth  Dragoon  Giuirds, — Weights  in  Marching  Order  {Jan,  1872). 

Articles. 
Carbine,   .... 
Sword-belt  and  sword, 
Pouch-belt  and  pouch, 
Cloak  and  cape, 
Valise  completely  packed, 
Saddle  complete, 

Sheepskin,  corn-sack,  and  nose-bag, 
Man  8  clothing  (which  includes^ 

a  complete  set  of  nndercloth- 

iug,   helmet  without  plume,  V   17 

tunics,  pants,hayer8ack,  gaunt- 1 

lets,  knee-boots,  and  spurs,)   j  Total,        .       284      l\ 


Xb. 

oz. 

Articles. 

lb. 

OL 

6 

8 

Brought  forward. 

112 

0 

5 

8 

Blanket, 

4 

4 

1 

8 

Heel  Ropes,      .        .        .         , 

1 

8 

10 

8 

„    Pegs, 

2 

2 

15 

0 

Shackles,           .         .         .         , 

0 

10 

47 

8 

Collar  Shank,  .        .        .         . 

0 

n 

8 

8 

Wellington  boots  and  spurs, 

2 

V 

Carry  forward, 


112 


Average  weight  of  man  (naked), 

Total, 


123 
161 


Or  20  stone  and  5  lb  (nearly). 


Weights  of  Men^s  Clothes^  Necessaries^  ^c,  lOth  Royal  Hussars  (1869),t 


No.  Articles.  lb.       os. 

1  Tunic,  ....     8        0 

]  Busby,  plume,  and  lines,        .1  13} 
1  Pair  leatner  overalls  and  straps,    3        6 
1  Pair  cloth         do.           do.,  .     2        7i 

1  Stable-jacket,         .        .        .1  15^ 


Carryforward,       .  12      10} 


No.  Artlclen.  lb.       or 

Brought  forward,       .  1*2  lC«f 
1  Forage-cap,    ....      0        5 

1  Valise, 2        7 

1  Cloak,  5  lb  8i  02. ;  cape,  2  (       ^  - ., 

lb6oz.,       .         .         .       i       '  ^*a 


23 


OS 


*  Sheep-skin  bags  with  the  wool  inside,  were  much  used  by  the  French  troops  during  tbe 
defence  of  Paris,  in  the  winter  of  1870-71. 

t  Since  this  date,  the  only  change  is  the  substitution  of  long  boots  for  booted  overaUa  ;  bst 
it  is  uncertain  if  this  change  will  be  permanent. 
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Weight  of  Men's  Clothes^  Necessaries^  ^c,  Kith  Eoyal  Hussars — continued. 


No.  Articles. 

Bronght  forward, 
Pair  boots, 
spnrs. 


ff 


*> 


highlows. 

Stable  bag, 

Pair  braces, 

Button-brush, 

Cloth 

Hair 

Brass 

Lace        „ 

Shaving  ,, 
2  Shoe  „ 
1  Tin  blacking, 

1  Hair-comn, 

2  Pairs  drawers,  each  18f  oz. 
2  Pairs  gloves,  each  7|  oz., 

Or  2    „     cotton    socks,   each  { 
sock  24  oz.,      .        .      < 


if 


ft 


It 


lb. 

23 
8 

0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 

0 


oz. 

6i 
Oi 

H 

8 
6 
8f 

14 
8i 
2i 

2f 

1 

n 

01 

Hi 

14J 
9 


No.  Articles. 

Brought  forward, 
4  Brass  paste, 
1  Hold-all,    . 
1  Horse-rubber, 
1  Knife,  fork,  and  spooD, 
1  Pipe-clay  and  sponge, 
1  Razor, 

8  Shirts,  each  14^  oz.,   . 
1  Button  brass, 

1  Stock, 

2  Towels,  7f  oz.  each,    . 

1  Stable  trousers,  . 

2  Flannel  jackets,  each  11  oz. 
1  Oil  tin, 

1  Pair  foot-straps, 

1  Mess-tin  and  strap,     . 

1  Account-book,    . 


Carry  forward,        85 

8J 

Weight  of  Saddlery, 

Articles. 

lb. 

01. 

Saddle-tree,    . 

6 

5i 

„     seat, 

1 

6i 

Pair  flaps, 

2 

84 

,,    pannels, 

4 

6i 

Girth-tub, 

0 

6i 

Girth-leather, 

1 

H 

Stirrup-irons, 

1 

Hi 

,,      leathers,     . 

4 

1 

8i 

Crupper, 

0 

14i 

Breastplate,    . 

• 

1 

4| 

Surcingle, 

Set  of  baggage-straps,     . 
,,     cloak-straps. 

0 
0 
0 

15 

n 

Pair  wallets,   . 

1 

14i 

Pair  shoe-cases  and  strapi 

8,         .            1 

4 

4  Horse  shoes  and  nails. 

4 

9 

!New  carbine  bucket. 

2 

13i 

Bridle-bit  and  head-stall^ 

2 

2 

Bridoon-bit  and  reins,     . 

1 

2 

Curb- chain,    . 

0 

8f 

Bit-reins, 

0 

lOi 

He^-coUar,    . 

1 

Hi 

Ck>llar-chain,  . 

1 

12i 

Sheepskin, 

• 

4 

4 

Carry  forward. 


45      13i 


Articles. 
Brought  forward, 
Shabraque, 
Numnah, 
Corn-sack, 
Nose-bag, 
Horse-brush, 
Curry-comb,  . 
Sponge, 
Hoof-picker,  . 
Scissors, 
Horse-log, 
Haversack, 
Carbine, 

Pouch-belt,  HJ  oz. 
Pouch,  12i  oz., 
20  rounds  ammunition,  82  i  oz 
Waist-belt,  &c.,  1  lb  1  oz., 
Sabretash  and  slings,  1  lb  5i  oz 
Sword,  4  lb  10  oz., 


lb. 

OS* 

85 

8J 

0 

3i 

0 

i 

0 

11 

0 

*h 

0 

2 

0 

n 

2 

114 

0 

1} 

0 

H 

0 

\!i\ 

1 

r> 

1 

6 

0 

24 

0 

04 

1 

14 

0 

H 

45        3i 


lb. 
45 
4 
2 
1 
1 
0 
0 
0 
0 
0 
1 
0 
6 


oz. 
ISJ 

.?! 

Hi 

14 
11 

11 

2 

IJ 
8i 

8i 
9 

9 


Oi 


76        7J 


Weight  of  equipments,     121       1 1 J 

Total  weight  of  Hussar*  with  )  259        6  ^ 
all  his  equipments,      .        .  |  or  ISi  st. 


Infantry. 


The  articles  of  the  infantry  soldiers*  kit  have  been  already  noted.  The  kit 
is  divided  into  the  service  and  the  surplus  kit,  the  latter  being  always  carried 
£or,  and  not  by,  the  man.  The  service  kit  consists  of  the  clothes  he  wears, 
and  of  some  duplicate  articles  and  other  necessaries. 

These  articles  consist  of  one  shirt  (12  ounces  in  weight  if  of  cotton,  19 

*  Average  weight  and  height  of  the  men  in  these  two  cavalry  regiments — 

Height.  Weight  (naked), 

ft.     in.         ^     lb.        01. 

5th  Draffoon  Gum-da, 6       9i  161        0 

"        7}  137      11 


"t'ith  Hussars, 


5 
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ounces  if  of  flannel),  pair  of  socks  (4  oz.),  pair  of  trousers  (23  or  32  oz.,  accord* 
ing  to  kind),  pair  of  boots  (42  oz.),  towel  (8  oz.),  hold-all,  and  knife^  fork,  and 
spoon  (2^  oz.),  2  brushes  (6  oz.),  tin  of  blacking  (6^  oz.),  forage  cap  (4:  oz.). 

It  is  not  possible  to  state  accurately  the  weights  of  all  the  articles  of  kit  and 
equipment,  as  some  are  now  being  altered,  but  the  following  table  is  £udy 
correct ; — 

Arenge  weljslit  te 
XtM.  and  onxiGeA. 

Iba.        oz. 

Weight  of  clothes  on  person,  including  shako^  winter  tronsers,  )  ,q  q 

and  leggings, J 

Personal  necessaries,  viz.,  service  kit  in  yalise,    ....      7  S 

Greatcoat, 5  8 

Valise  equipment  for  carrying  necessaries,  greatcoat,  and  anna- 1 

ment,  yIz.,  valise,  two  poaches,  ball-bog,  suspenders,  waist-  >   5  10 

belt,  frog,  cOat-straps, ] 

Haversack, OS 

Canteen, I  9 

Armament,  vl2.,  rifle  and  sling  (9  lb  8  oz.),  bayonet  (1  tb),  am- )  .^  g 

munition  (60  rounds,  6  lb  weight =1  lb  for  10  rounos  nearly),  f 

Water-bottle  (new  pattern)  and  water, 2  9 

49         7 

In  war,  food  and  a  blanket  would  be  also  carried,  adding  from  6  to  8  lb  to 
the  weight  By  omitting  40  rounds  of  ammunition  and  one  pouch,  the  w^ht 
of  the  peace  equipment  is  lessened  to  40  fi)  ;  and  if  the  canteen  were  only 
carried  when  it  was  wanted,  the  weight  would  be  under  39  lb.  If  the  grett- 
ooat  with  the  cape  could  be  reduced  to  5  fi>,  and  the  summer  trousers  and  the 
boots  were  left  out  of  the  valise,  the  weight  would  be  reduced  below  35  h^ 
and  still  the  soldier  would  have  really  everything  necessary  for  his  comfort 

Some  experienced  officers,  however,  consider  it  essential  that  the  second 
pair  of  boots  should  be  always  carried  by  the  soldier.  Ko  doubt  a  man 
should  have  a  second  pair  of  boots,  and  there  may  be  circumstances  in  periods 
of  peace  when  he  might  desire  to  have  them  with  bim  ;  but  surely  there  is  no 
necessity  for  him  to  carry,  as  he  does  now,  even  if  he  only  goes  on  guard  on  a 
fine  day,  a  pair  of  boots  which  he  never  puts  on.  It  might  be  left  to  his  dis- 
cretion to  carry  his  extra  boots,  and  it  is  pretty  certain  he  will  take  them  when 
they  add  to  his  comfort  So  also  with  the  second  pair  of  trousers  ;  why 
should  they  be  constantly  carried  when  they  are  scarcely  ever  wanted  t 

In  time  of  war  it  is  most  important  to  have  the  soldier  as  little  weighted  as 
]x»ssibla  The  long  and  rapid  marches  which  have  so  often  decided  wars  have 
never  been  made  by  heavily  laden  men.  The  health  also  suffers.  It  is  of 
national  importance  that  the  soldier  should  be  as  healthy  and  as  efficient  as 
possible,  as  the  fate  of  a  nation  may  be  staked  on  the  prowess  of  its  army. 
The  line  which  the  weight  of  his  necessaries  should  not  exceed  should  be 
drawn  with  the  utmost  care  ;  if  his  health  suffers  more  by  carrying  some  extia 
pounds  of  weight  than  it  benefits  by  the  comfort  the  articles  give,  why  load 
him  to  his  certain  loss  ?  The  overdoing  the  necessaries  of  the  soldier  has 
always  been  a  fault  in  our  army :  Eobert  Jackson  noticed  it  seventy  years  aga 
'*  It  is  a  mistake,"  he  says,  "  to  multiply  the  equipment  of  the  soldier  wiUi  & 
view  of  adding  to  his  comfort" 

There  are  certain  articles  of  material  comfort  to  a  man  on  service  in  a  cold 
or  wet  country,  and  I  believe  some  alteration  in  the  present  arrangement 
^vould  be  desirable  I  venture  to  propose,  therefore,  some  slight  changea 
The  greatcoat,  blanket,  and  a  waterproof  sheet  (or  portion  of  a  shelter-tent), 
to  keep  both  the  coat  and  blanket  and  the  man  himself  dry,  are  articles  of  the 
utmost  importance ;  there  is  scarcely  anything  that  a  soldier  might  not  dis- 
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pense  with  sooner  than  these.  But  their  weight  is  considerable,  and  it  is 
necessary  to  sacrifice  something  else  to  secnre  them.  The  second  pair  of 
trousers  is  clearlj  unnecessary,  and  if  he  started  with  a  thoroughly  good  pair 
of  boots  made  waterproof,  as  can  be  easily  done,  and  had  a  cheap  loose  shoe 
which  he  might  put  on  after  a  fatiguing  march,  and  if  proper  transport  were 
provided  for  due  renewal,  the  second  pair  of  boots  might  be  left  out.  A 
8pare  shirt,  towel,  socks,'  brushes  (or  better  still,  a  small-tooth  comb  for  the 
hair,  which  prevents  vermin),  a  small  hold-all,  and  a  clasp-knife  and  spoon, 
would  comprise  all  that  would  be  necessary,  in  addition  to  his  haversack, 
water-bottle,  and  provision&  The  forage  cap  with  waterproof  cover  should 
be  substituted  for  the  shako. 

If  such  a  plan  were  followed  the  weight  of  such  a  war  equipment  would 
"be  as  follows  : — 

lb  ETOlr.      OS. 

Clothes  on  pereon, 10        0 

Service  kit  in  yalise,  viz.,  shirt  (12  oz.),  towel  (8  oz.),  soap  ) 

(2  oz.)>  1  brush  (3  oz.),  hold-all  (8  oz.),  socks  (4  oz.)»  shoes  >  3        0 

(16  oz.), ) 

Greatcoat, 4        0 

Waterproof  sheet  (with  appliances  for  tentage),       ...  40 

Blanket, 4        0 

Haversack  and  three  days'  provisions, 6        0 

Water-bottle  and  20  fl.  oz.  of  water, 2        2 

Canteen, 19 

Valise  equipment, 5      10 

Armament  (with  sixty  rounds), 16        8 

56  13 
On  ordinary  occasions  in  war,  as  he  would  only  carry  one  day's  provisions 
and  40  rounds  of  ammunition,  the  weight  would  only  be  52  Sb.  While  he 
would  be  more  comfortably  provided,  he  woidd  be  less  weighted  than  with 
the  present  system,  and  would  be  able,  if  it  were  required,  to  carry  entrench- 
ing tools. 

The  valise  equipment  proposed  by  General  EyTe''s  Committee,  and  which 
has  been  now  adopted  for  the  army,  possesses  great  facilities  for  carrying  these 
articles,  as  will  be  presently  noticed. 

This  committee  also  recommended  that,  instead  of  the  squad-bag  for  25 
men,  each  man  shall  have  a  separate  canvas  bag  for  his  surplus  kit,  as  is  now 
provided  on  board  ship.  In  time  of  peace  this  would  be  carried  for  him,  as 
the  squad-bag  is  at  present ;  in  time  of  war  it  would  be  left  at  homa 

It  is  of  great  moment  to  give  each  man  a  bag  for  surplus  kit  to  himself. 
It  encourages  the  men  to  take  care  of  their  things,  and  enables  them  to  pack 
them  comfortably.  The  men  of  the  Army  Hospital  Corps  who  have  such 
bags  have  told  me  that  they  find  them  in  all  respects  preferable  to  the  squad- 
"baga* 

It  may  be  interesting  to  give  the  weights  of  the  various  articles  carried  by 
the  infantry  soldier  of  the  French,  Prussian,  and  Bussian  armiea 

*  The  weight  of  the  clothing,  equipment,  and  kit  of  the  Army  Hospital  Corps  I  have  had 
taken ;  they  are  as  follows  :— 

lb.      Off. 

Clothes  on  the  person,  including  shako  and  leggings,        ...  10  9 

Greatcoat  and  cape, 5  18 

Extra  kit  and  small  articles, 8  2 

Valise  with  stmps,  belt,  mess-tin,  havresack,  and  black  bag,    .        .  8  1 

Water-bottle  (new  pattern)  with  water, 2  9 

Field  companion,  complete. 9  18 

Water-bottle  for  ditto,  with  water,    .......  5  12 

Total      50      11 
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Equipmmt  of  the  French  Infantry  Soldier  (1874.     Morache.) 


Articlei. 

A.  Clothing,  &o 
Slialco, 
Greatcoat, 
Epaulettes, 
Snirt,  . 
Neck-cloth, 
Braces, 
Trousers, 
Drawers, 
Shoes, 

Leather  praiters, 
l^ocket  handkerchief, 
Knife, 
8poon, 

Total  clothing,  &c.. 


Weiffht 
In  lbs.    oz. 
avoir. 


0 

4 
0 
1 
0 
0 

1 

0 

1 

0 
0 
0 
0 


15i 

64 
6i 
01 
2i 
21 

81 
10 

16i 

llj 

2i 

1 


12 


4i 


B.  Equipment  and  Armament. 


Rifle  (pattern  of  1866)» 

8 

12} 

Strap  for  do., 

0 

Si 

Cartridge  pouch,          .            .  ) 
Belt  and  accessories,    .            .  > 

' 

4 

11 J 

Sword-bayonet,            .            .  ) 

2  Packets  of  cartridges  in  pouch, 

1 

s 

2  Loose  cartridges,       , 

0 

n 

Total  equipment, 

C.  Pack. 
I.  Knapsack  empty,    . 

Carry  forward, 


15        8i 


Articles. 

Brought  forward, 

II.  In  pack: — 

2  Shirts,   . 
1  Pair  drawers,     . 
.    2  Pair  linen  gsiters, 
1  Night-cap, 
1  Pocket  handkerchief, 
1  Pair  shoes, 

1  Pair  trousers,    . 
Hold-all  complete, 

2  Pairs  gloTes, 

8  Packets  cartridges. 

Small  book, 

Jersey, 

Tunic, 

Forase-cap, 

SmaUbag, 

III.  Camp-equipage : — 

TeniC 

Accessories, 
Blanket,  . 
Cooking-pot, 
Mess-tin, 
Water-bottle,  empty, 


lY.  Four  days'  provifliona,  but  ) 
only  two  days  of  salt  meat  > 
or  bacon,t  •  ) 

Total* 
Grand  Total, 


Wefj^ht 

Intfas.    OL 
aroir. 

5        7 


2 
0 
0 
0 
0 
1 
1 
1 
0 
5 
0 
2 
3 
0 
0 


2 
1 
3 
3 
0 
0 


45 


The  Geiman  infantry  soldier  carries  the  following  weights : — X 


Clothing  on  the  person  (with  gloves),  not  including  helmet. 
Armament  and  equipment  (including  helmet,  water-bottle  ) 
(full),  coffee-milX  and  trenching  tools),     •  .  .  { 

Pack,  with  extra  kit,  &c.,  and  reserve  ammunition. 
Greatcoat  and  straps,  ..... 

Rations,         •••#••• 

xotai,  ••••«• 


10 

81 

19 
5 
7 


74        ISi 


li 
10 

^ 
15J 

10| 
3 
1 

li 
8J 

*i 
5} 


124 

n 

S 

14 

18i 


6        71 


Oi 


72        8i 


12* 

5 

13*     1 
11 

8* 


Some  of  the  articles  are  not  always  carried  by  the  same  man,  sach  as  the 
hatchet,  spade,  and  coiSee-mill,  so  that  the  weight  may  be  lessened  to  66  lb — 
average  weight  carried,  66  lb  to  71  lb.  The  shako  of  the  riflemen  and  sharp- 
shooters is  about  3^  oz.  lighter  than  the  infantry  helmet  The  Manser  rifle 
weighs  10  lb  and  the  bayonet  1  lb  8^  oz. 

&e  Eussian  soldier  carries  70^  lb,  the  Austrian  60  9>,  and  the  Italian  75 
]b. ;  the  mean  of  European  armies  being  66  lb. 

The  mean  weight  of  the  rifles  carried  by  European  infantry  is  9  lb  6  oz. ; 
of  the  bayonet,  1  lb  2^  oz. ;  and  of  each  cartridge,  1|  oz. 


*  This  has  been  recently  altered  to  the  Gias  rifle,  but  apparently  without  change  of  weight 
t  To  this  must  be  added  for  water  in  the  water-bottle,  2  lb.  3}  oz.  and  at  least  1  lb.  2  oak 
if  the  tent  be  damp,  making  a  total  of  nearly  76  lbs 
X  Roth  an^  Lex,  op.  cit.,  Bd.  III.  (1877),  p.  110. 


*\ 
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SECTION  VL 
CAERIAGE  OF  THE  NECESSAEIES  AND  ARMAMENT. 

The  equipment  of  the  cavaliy  soldier  is  in  great  part  earned  by  the  horse ; 
but  I  have  been  informed  that  the  mode  in  which  the  cavalry  valise  is 
arranged  is  not  comfortable  to  the  men.  The  total  weight  carried  by  the 
horse  appears  also  to  be  krga  A  soldier  has  personal  and  horse  equipments 
oqual  to  nearly  his  own  weight  I  am  not  competent  to  pronounce  on  the 
necessity  of  this,  but  it  is  a  fact  that  in  light-cavalry  regiments  the  horse  now 
carries  nearly  19  stone  weighty  although  the  rider  is  on  average  under  10 
stona 

In  the  case  of  the  infantry  soldier,  who  carries  the  weights  himself,  the 
greatest  care  is  necessary  to  place  them  in  the  manner  least  likely  to  detract 
from  his  efficiency  or  to  injure  his  healtL  If  it  were  'possible  to  let  a  man, 
in  European  countries,  carry  nothing  but  his  armament  and  water-bottle,  as 
in  India,  much  more  work  would  be  got  out  of  him,  longer  marches  would  be 
made,  and  he  would  show  greater  endurance  on  the  day  of  action.  But  such 
an  arrangement  is  impossible,  as  transport  could  not  be  provided,  and  the 
alternative  of  leaving  a  man  without  his  necessaries  is  not  to  be  thought  of. 
But  it  cannot  be  too  strongly  impressed  on  all  commanding  officers,  that  every 
ounce  of  weight  saved  is  a  gain  in  efficiency.  The  Prussians,  in  the  war  of 
1866,  obtained  waggons  whenever  they  could  to  carry  the  knapsacks,  and  the 
comparison  between  the  condition  of  the  men  thus  relieved  and  those  who 
could  not  be  so,  was  striking.*  I  am  also  convinced  that  a  change  of  opinion 
must  be  brought  about  in  the  army  on  a  very  material  point  Some  officers 
believe  that,  as  the  men  must  carry  weights  in  war,  they  ought  to  carry  them 
on  aU  occasions  during  peace,  so  that  the  men  may  be  accustomed  to  them  ; 
and  they  attempt  to  strengthen  their  position  by  referring  to  the  custom  of 
the  Bomans,  who  exercised  their  men  in  peace  with  heavier  weapons  than 
those  used  in  war.  But  this  example  is  not  applicable  A  man  should  be 
exercised  in  the  highest  degree  in  any  way  which  may  develop  his  muscles 
and  improve  the  circulation  through  his  lungs  and  heart  Any  amount  of 
muscular  exertion  (within,  of  course,  reasonable  limits),  any  degree  of  practice 
with  weapons,  must  be  good  as  long  as  his  body  is  unshackled ;  but  if  he  is 
loaded  with  weights,  and  especially  if  the  carriage  of  the  weights  at  all 
impedes  the  action  of  the  lungs  and  hearty  then  the  very  exertion  which  in 
other  circumstances  would  benefit  him  must  do  him  harm.  The  soldier  must 
carry  weights  sometimes,  but  it  should  be  a  rule  not  to  carry  them  when  he 
has  no  immediate  need  of  the  various  article&  The  aim  should  be  the 
cultivation  of  the  breathing  power  of  his  lungs  and  the  power  of  his  muscles 
to  an  extent  which  will  enable  him  to  bear  his  weights,  at  those  times  when 
he  must  carry  them,  more  easily  than  if,  on  a  false  notion  of  accustoming  him 
to  them,  he  had  been  obliged  to  wear  them  on  all  possible  occasiona 

Sufficient  practice  with  the  weights  to  enable  a  man  to  dispose  them  com- 
fortably, and  to  make  him  f aimliar  with  them,  should  of  course  be  given ;  but 
a  very  short  teaching  will  suffice  for  thia 

The  weights  which  an  infantry  soldier  has  to  cany  have  already  been 
stated ;  the  mode  of  disposing  of  tiiem  has  now  to  be  considered. 

*  See  Mr  Bofltock's  able  Report  in  the  Army  Medical  Report,  vol.  vii.  p.  359. 

I  have'seen  a  letter  from  a  Jmissian  officer,  high  in  rank,  and  certain  to  know  the  fact,  stat* 
ing  that  the  difference  in  the  health  of  the  Ftnasian  soldiers  who  carried  the  knapsacks  in  the 
Bohemian  marches  in  1866,  and  those  who  did  not,  was  remarkable.  The  men  who  had  not 
carried  their  packs,  thong^h  they  had  not  had  the  comfort  of  their  necessaries,  were  fresh  and 
vigorous  and  in  high  spirits  ;  those  who  had  carried  them,  on  the  other  hand,  were  compara- 
tively  worn  and  eiuiausted.    And  thi»  was  with  the  best  military  knapsack  then  known. 
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Weights  are  most  easily  bprne  when  the  following  points  are  attended 
to: — 

1.  They  must  lie  as  near  the  centre  of  gravity  as  possibla  In  the  upright 
position  the  centre  of  gravity  is  between  the  pelvis  and  the  centre  of  the 
body,  usually  midway  between  the  umbilicus  and  pubis^  but  varying  of  comse 
mth  the  position  of  the  body ;  a  line  prolonged  to  the  ground  passes  througli 
the  astra^us  just  in  front  of  the  os  calcis.  Hence  weights  carried  on  the 
head  or  top  of  the  shoulder,  or  which  can  be  thrown  towards  the  centre  of 
the  hip  bones,  are  carried  most  easily,  being  directly  over  the  line  of  the  centre 
of  gravity.  When  a  weight  is  carried  away  from  this  line  the  centre  of  gravity 
is  displaced,  and,  in  proportion  to  the  added  weight,  occupies  a  point  more  cr 
less  distant  from  the  usual  site ;  until,  perhaps,  it  is  so  far  removed  from  thia 
that  a  line  prolonged  downwards  faUs  beyond  the  feet ;  the  man  then  falla^ 
unless,  by  bending  his  body  and  bringing  the  added  weight  nearer  the  centre, 
he  keep  the  line  well  within  the  space  which  his  feet  cover. 

In  the  distribution  of  weights,  then,  the  first  rule  is  to  keep  the  weight 
nearer  to  the  centre ;  hence  the  old  mode  of  carrying  the  soldier's  greatcoat, 
viz.,  on  the  back  of  the  knapseick,  is  a  mistake,  as  it  puts  on  weight  at  the 
greatest  possible  distance  from  the  centre  of  gravity. 

2.  The  weights  must  in  no  case  compress  the  lungs,  or  in  any  way  interfere 
with  the  respiratory  movements,  or  the  elimination  of  carbonic  acid,  or  hinds 
the  transmission  of  blood  through  the  lungs,  or  render  difficult  the  action  of 
the  heart 

3.  No  important  muscles,  vessels,  or  nerves  should  be  pressed  upon.  This 
is  self-evident ;  an  example  may  be  taken  from  the  late  Eegulation  pack,  the 
arm-straps  of  which  so  pressed  on  the  axillary  nerves  and  veins  as  to  cause 
numbness,  and  often  sweUing  of  the  hands,  which  I  have  known  last  fo? 
twenty-five  hours. 

4.  The  weights  should  be  distributed  as  much  as  possible  over  several  parts 
of  the  body. 

If  we  consider  the  means  made  use  of  by  those  who  carry  great  weights^  ure 
find  the  following  points  selected  for  bearing  them : — 

1.  The  top  of  the  head.  The  cause  of  this  obvious  ;  the  weight  is  com- 
pletely in  the  line  of  centre  of  gravity,  and  in  movement  is  kept  balanced  over 
it     Of  course,  however,  very  great  weights  cannot  be  carried  in  this  way. 

2.  The  tops  of  the  scapulsB,  just  over  the  supra-spinous  fossa  and  ridge. 
At  this  point  the  weight  is  well  over  the  centre  of  gravity,  and  it  is  a^ 
diffused  over  a  large  surface  of  the  ribs  by  the  pressure  on  the  scapuIsL 

3.  The  hip  bones  and  sacrum.  Here,  also,  the  weight  is  near  the  centre  of 
gravity,  and  is  borne  by  the  strong  bony  arch  of  the  hips,  the  strongest  pait 
of  the  body.* 

In  addition,  great  use  is  always  made  by  those  who  carry  great  weights  of 
the  system  of  balanca  The  packman  of  England  used  to  carry  from  40  lb  to 
even  60  lb  easily  thirty  miles  a-day  by  taking  the  top  of  the  scapula  for  the 
fixed  point,  and  having  half  the  weight  in  front  of  the  chest  and  half  behind. 
In  this  way  he  still  brought  the  weight  over  the  centre  of  gravity.  The  same 
point,  and  an  analogous  system  of  balance,  is  used  by  the  nulkmaid,  who  can 
carry  more  weight  for  a  greater  distance  than  the  strongest  guardsman  equipped 
with  the  old  military  accoutrements  and  pack. 

*  The  ffirls  engaged  in  some  of  the  works  in  Cornwall,  carry  immense  bags  or  hampers  of  aaai 
Tip  steep  hills  by  restins  the  lower  part  of  the  sack  on  the  hip  and  sacmm,  and  the  npper  j«it 
on  the  scapula.  It  is  the  same  position  as  that  takes  by  the  Turidah  porten,  who  will  cany 
600  and  800  lb.  some  distance ;  they  also  sometimea  hare  a  band  round  the  forehead  fastened 
to  the  top  of  the  weight. 
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These  points  must  guide  ns  in  ananging  tlie  weights  carried  by  the  soldier. 
The  weight  on  the  head  is,  of  course,  out  of  the  question.  We  have,  then, 
the  scapulsB,  the  hip,  and  the  principle  of  balance,  to  take  into  consideration. 

In  our  anny  the  carriage  of  the  kit  and  ammunition  has  always  been  felt  to 
be  a  difficulty,  and  many  have  been  the  changes  in  the  infantry  knapsacks 
since  the  close  of  the  Peninsular  war.  The  method  of  carriage  which  was 
formerly  in  use,  though  better  than  some  of  the  older  plans,  had  grave  defects, 
and  it  has  now  been  superseded  by  the  new  equipment.* 

The  new  infantry  equipment,  proposed  by  a  War  Office  Committee,  ap- 
pointed by  Lord  de  Grey  in  1864,  and  of  which  General  Henry  Eyre  was  the 
president,  was  devised  for  the  purpose  of  enabling  the  infantry  soldier  to  carry 
his  weights  with  greater  comfort  (and,  therefore,  to  enable  him  to  march 
farther),  and  especially  to  do  away  with  any  chance  of  injuring  his  heart  and 
lunga  t     This  committee  have  presented  four  reports  to  the  War  Offica  t 

Considerable  difficulty  was  found  in  fixing  the  best  equipment ;  in  addition 
to  all  the  points  already  noted,  simplicity  and  durability,  and  as  much  freedom 
from  accidental  breakage  as  could  be  insured,  were  essential ;  facility  of  re- 
moval and  readjustment  for  emergencies,  adaptation  for  various  conditions  of 
service,  and  suitableness  for  military  exercises,  had  all  to  be  considered.  After 
passing  in  review  all  the  known  plans,  and  experimenting  on  a  large  scale,  the 
committee  at  last  recommended  a  plan  which,  after  an  extended  trial  in  many 
re^;iments,  and  being  submitted  to  the  opinions  of  ^many  officers,  has  been 
iinally  authorised  and  issued  in  place  of  the  old  pattern. 

The  new  equipment  is  essentially  based  on  the  yoke  valise  plan  of  the  late 
Colonel  Sir  Thomas  Troubridge,  C.B.,  who  had  been  for  many  years  experi- 
menting on  this  subject  ;§  but  it  is  greatly  altered  in  details  in  order  to  avoid 
the  use  of  copper  or  iron  rods.  The  two  great  principles  are  to  use  the 
scapulsB  and  the  sacrum  in  about  equal  proportion  [as  carriers  of  the  weight, 
and  to  place  the  weights  as  near  to  the  body  as  possible,  and,  as  far  as  could 
be  done,  in  front  as  well  as  behind,  so  as  to  avoid  the  displacement  of  the 
centre  of  gravity.  The  great  advantage  of  using  the  sacrum  as  one  of  the 
points  of  support  has  been  very  apparent  in  the  trials  of  the  valise  plan.  In 
that  way  only  can  the  chest  be  thoroughly  relieved  ;  a  very  great  weight  can 
be  carried  without  ii\jury  if  it  is  necessary,  and  apart  from  that  a  mechanical 
advantage  of  no  small  moment  has  been  obtained.  For  the  effect  of  placing 
the  kit  and  ammunition  low  down  is  to  free  the  large  muscles  of  the  shoulder 
and  back  from  the  impedunent  which  hinders  their  action  when  a  knapsack 
of  any  kind  is  carried  in  its  usual  place  ;  the  bayonet  exercise  can  therefore 
be  much  better  performed  ;  but  more  than  this,  the  soldier  engaged  in  a  per- 
sonal struggle  is  in  far  better  position  than  with  a  knapsaek  on  the  upper  part 

*  In  the  fonner  editiofw  deHcriptions  were  g^ven  of  the  obsolete  Regulation  eqaipment,  and 
of  Taiions  other  pUns.    But  it  haa  been  thought  unnecessary  to  repeat  these. 

f  In  the  chapter  on  Home  Sebvioe  are  given  the  facts  about  the  amount  of  heart  and 
vessel  disease  in  the  army.  It  appears  to  be  very  lar^,  and  to  be  attributable,  in  part  at  any 
rate,  to  exercise  under  nnfavourable  conditions.  It  is  not  confined  to  the  infantry,  but  is 
common  to  aU  branches,  and  perhaps  the  disease  of  the  vessels  is  even  greater  in  degree  in  the 
cavalry  and  artillery.  M^  colleague,  Professor  Maclean,  called  the  attention  of  the  authorities 
to  this  matter  in  a  strikmg  lecture  delivered  at  the  Roval  United  Service  Institution,  and 
published  in  the  Journal  of  the  Institution,  vol.  viii.,  and  from  which  extracts  were  given  in 
fonner  editions.  The  anny  is  greatly  indeoted  to  Dr  Maclean  for  his  clear  exposition  on  this 
point.  The  first  Beport  of  the  Committee  on  Knapeacks  oontaina  the  evidence  to  tliat 
date. 

X  Reports  of  the  Committee  appointed  to  inquire  into  the  effect  on  health  of  the  present 
nystem  of  carrying  the  Accoutrements,  Ammunition,  and  Kit  of  Infantry  Soldiers. — First 
Report,  1866  ;  second  Report,  1867  ;  third  and  fourth  Reports,  1868. 

§  Sir  T.  Troubridge's  equipment  will  be  found  described  and  figured  in  the  2d  edition  of 
this  work.  I  have  been  informed  that  he  had  made  experiments  on  this  subject  for  more 
than  fifteen  years. 
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of  the  back ;  for  in  the  latter  caae,  tbe  centre  of  giaTity  being  displaced 
(raised  and  carried  backwards),  the  man  has  already  a  tendency  to  fall  back 
'which  tells  eerioualj  against  him.  In  the  new  equipment,  on  the  contraiy, 
the  great  weights  being  aU  below  the  centre  of  gravity,  rather  tend  to  kvcp  a 
man  steadier  and  firmer  on  bia  legs  than  otherwise. 

In  Older  to  gain  these  advantages,  and  also  to  lessen  the  wraght  of  the 
equipment,  the  framed  knapsack  was  abandoned,  and  a  bag  or  v^iae  sabeti- 
tiited,  which  is  lai^  enough  to  carry  the  service  kit  and  some  providoitB. 

The  woodcute,  although  not  very  complete,  will  give  a  general  notion  of 
this  plan,  which  is  indeed  not  difficult  to  comprehend,  as  it  is  remarkably 
simpla  The  total  weight  of  the  whole  equipment,  aa  intended  for  active 
service,  is  5  Si  8  oz. 

In  the  first  figure  the  peace  equipment  is  seen.  There  ia  a  single  poach  in 
frout,  which  can  be  shifted  to  one  side  so  aa  to  allow  the  waist-belt  to  be 
opened.  The  straps  running  up  over  the  shouldet  from  the  rings  are  made 
broad  on  the  scapula,  they  cross  on  the  bock  like  a  common  pair  of  braces, 
and  then  catching  the  top  of  the  valise  on  the  other  side  by  a  backle,  ran 
under  the  arm  to  the  ring  on  the  opposite  side  from  which  they  started. 
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From  this  ring  a  strap  runs  to  the  bottom  of  the  Taliae  which  b  placed  restiii; 
on  the  sacrum,  as  seen  in  the  second  figure  ;  by  this  arrangement  the  -wcdgfal 
of  the  valise  is  thrown  partly  on  the  shoulder,  partly  on  the  sacnmi,  and  it 
also  thrown  forward  in  a  line  with  the  centre  of  gravity.  From  the  rii^ 
another  strap  runs  to  the  waist-belt  and  supporte  the  ammunition,  which  that 
balances  in  part  the  weight  behind. 

In  full  service  order  two  pouches  are  carried  in  fcont,  as  seen  in  the  third 
figure,  each  holding  20  rounds ;  there  is  also  a  ball-bag,  intended  to  hold  loow 
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cartridges  foe  rapid  firiDg,  in  whicli,  if  there  be  necessity,  20  or  even  30 
cartridges  can  bo  put.     There  is  provision  in  the  valise  for  20  mora 

The  greatcoat  is  placed  above  the  valise,  and  being  soft  gives  no  obstruc- 
tion to  the  action  of  the  muscles  of  the  shoulder. 

The  canteen  con  be  earned  as  shown  in  the  second  figure ;  but  many  officora 
prefer  carrying  it  on  the  valise,  vhere  there  are  two  loops  intended  for  it 

This  equipment  is  very  easy,  and  leaves  the  chest  perfectly  free  ;  it  is  very 
simple  both  in  principle  and  conatmction,  and  affords  many  focihties  for 
carriage  of  artides,  such  as  the  haversack,  the  water-bottle,  blaoketi  &c, 
which  will  prove  very  useful  on  servica     It  is  of  mora  importance  to  note 
here,  that  it  certtunly  answers  all  medical 
lequirementa ;  and  as  it  leaves  the  man  very 
free  and  unincumbered  in  his  movements, 
it  does  away  entirely  with  the  stiff  nnniili- 
tary  ^pearance  produced  by  the  old  plan. 

There  seems  only  one  sanitary  point 
which  has  been  uiged  against  this  equip- 
ment, and  that  is,  that  a  good  deal  oi  the 
back  ia  covered,  and  that  perspiration  col- 
lects under  the  valise.  Whatever  equip- 
ment be  used,  there  must  be  retention  of 
perspiration  under  the  covered  parts ;  this 
ia  inevitable,  and  ia  produced  by  any  knap- 
sack. The  valise  equipment  is  no  excep- 
tion to  the  rule,  but  it  is  singular  how  little 
perspiration  really  collects  under  the  valise 
if  the  man  knows  how  to  manage  it  By 
allowing  the  top  of  the  valise  to  fall  back 
half-an-inch,  a  space  is  left  between  the 
greater  part  of  tbe  valise  and  back,  which 
allows  evaporation,  and  the  loinA  are  kept 
cooL  On  the  march  also,  when  the  waist- 
belt  is  unbuckled,  both  the  valise  and  great- 
coat hang  loosely  and  away  from  the  body,* 
and  evaporation  goes  on,  I  believe  that 
practically  there  will  be  found  less  accumu- 
lation of  perspiration  than  with  almost  any  ^'*'  ^'^  ^°-  *■ 
other  plan,! 

SECTION  vn. 

WORK  OF  THE  SOLDIEE. 
The  kind  and  amomit  of  work  in  the  different  arms  of  the  service  is  so 

*  The  nmj,  who  will  in  tling  to  come,  kod  Mpeciklly  fa  war.  fml  the  beoefit  of  this  ftrranjie- 
iDant  (for  tbouEli  details  may  be  altered,  I  believe  the  principal  of  the  valiae  aqaipiueDt  will  be 
slway*  Duinteiaed),  ihould  know  bow  much  it  owes  to  Qeneral  Eyre,  the  Pi^ndent  of  the  War 
OiBce  Committee  on  ^KnareRcks,  vho  laboured  at  this  matter  witb  coastaiit  indostry  and 
perseverance  for  years,  and  left  nathing  nndons  to  bring  the  qaestion  to  a  satisfactory  end. 

f  I  refer  to  the  2d  edition  of  this  work  for  figotee  and  descriptions  of  the  oontinental 

filani,  und  to  the  Repoite  of  the  War  Office  Committee  od  Knapsacks  nod  Accoutrements,  for 
aller  details  than  can  be  given  here. 

The  "Hagaiineacaontremaats,"iiiTentadhySiirgeon-m4]arW.  B.  OUverjA.U.D.,  ate  now 
ondei  trisJ  at  Aldershott.  and  have  been  veiy  favoiitably  reported  upon.  They  appear  to  be 
even  easier  than  the  valise  eqaijiment,  and  are  less  complicated  in  their  fittings  ;  tbey  provide 
for  the  carriage  of  more  amDiiuution,  and  leave  the  back  free  for  tTanariratlon.  There  is  also 
#li^twater-proof  cape,  which  can  be  nsadaa  a  sheet  or  portionot a  shelter  tent-^F.  de  C.) 
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different  that  it  is  impossible  to  bring  it  ander  one  general  descriptioti.  In 
the  artilleiy,  cleaning  horses,  guns,  carriages,  and  accoutrements,  and  gun 
drill ;  in  the  cavalry,  cleaning  of  horses,  accontrements,  and  drill  with  the 
special  arm ;  in  the  infantry,  drill,  and  barrack  and  fatigiie  duties,  and  the 
cleaning  of  arms  and  accoutrements,  are  all  kinds  of  work,  the  amotiiit  of 
which  is  not  easy  to  estimate. 

Much  of  the  work  of  the  artillery  and  caralry  is  highly  beneficial  to  them, 
and  the  fine  well-developed  muscles  show  that  all  parts  of  the  body  are 
properly  exercised.  Some  of  the  work  (such  as  gun  drill  or  sword  exercise) 
is  hard,  and  even  violent,  and  the  great  amount  of  aneurism  in  both  bodies  of 
men,  as  well  as  in  the  infantry,  has  led  to  the  idea  that  the  exercise  is  either 
too  severe,  or  is  performed  under  unfavourable  conditions,  such  as  heavy 
equipments  or  too  tight-fitting  clothes.  Although  violent  while  it  lasts,  it 
seems  questionable  whether  the  work  is  so  severe  as  that  which  many 
mechanics  undergo  without  injury ;  it  may,  however,  be  more  sadden  and 
rapid,  and  the  heart  may  be  brought  into  more  violent  action.  The  conditions 
under  which^  the  work  is  done  are  certainly  less  favourable  than  in  the  case 
of  the  mechanic,  who  is  never  embarrassed  by  weights  or  tight  dothea. 

In  the  infantry  the  amount  of  aneurism  is  slightly  below  that  of  the  other 
arms,  but  not  much  so.  The  hard  work  in  the  infantry  is  the  running  diiU 
when  the  weights  are  carried,  bayonet  exercise,  and  long  marches  ;  bnt  thougli 
severe,  it  is  not  so  excessive  as  to  lead  us  to  think  it  would  do  ii^nij  io 
strong  men  if  all  circumstances  were  favourable. 

During  war  the  amount  of  labour  undergone  is  sometimes  excessive,  as  will 
be  clear  from  what  is  said  in  the  next  section,  and  in  the  rapid  campaigns  of 
modem  times,  very  young  and  weakly  men  are  soon  exhausted. 

A  soldier  requires  to  be  trained  for  the  ordeal  of  active  service,  and  this  is 
now  done  in  our  army  by  a  series  of  gymnastic  exercises  and  systematic 
marches,  intended  to  develop  every  muscle,  to  make  the  artillery  or  tlie 
cavalry  man  able  to  vault  on  his  horse,  and  the  foot  8<^dier  to  run  and  to 
escalade,  and  to  march  great  distances  without  fatigue. 

Gymnastic  Exereisea, — ^All  military  nations  have  used  in  their  armies  t 
system  of  athletic  exercisea  The  Greeks  commenced  such  exercises  when 
the  increase  of  cities  had  given  rise  to  a  certain  amount  of  sedentary  life. 
The  Eomans  began  to  use  athletic  training  in  the  early  days  of  the  Eepublic, 
entirely  with  a  view  to  military  efficiency.  The  exercises  were  continuouB, 
and  were  not  alternated  with  periods  of  complete  idleness. 

The  officers  exercised  with  the  men.  At  a  later  day,  we  are  told  that 
Marius  never  missed  a  single  day  at  the  Campus  Martins ;  and  Pompey  is  said 
by  Sallust  to  have  been  able  at  fifty-eight  yeai%  of  age  to  run,  jump,  and  cany 
a  load  as  well  as  the  most  robust  soldier  in  his  army. 

Swimming  was  especially  taught  by  the  Eomans,  and  so  essential  were  the 
gymnastic  exercises  deemed  that^  to  express  that  a  man  was  completelT 
ignorant,  it  was  said  "  he  knew  neither  how  to  read  nor  swim."  Tt» 
gymnastic  exercises  were  the  last  of  the  old  customs  which  disappeared  before 
the  increasing  luxury  of  the  latter  empire. 

In  the  feudal  times  the  practice  of  the  weapons  was  the  best  gynmastie 
exercise ;  every  peasant  in  England  was  obliged  to  practise  with  the  bow ;  the 
noblemen  underwent  an  enormous  amount  of  exercise,  both  with  and  widioot 
arms,  and  on  foot  and  horseback. 

After  the  invention  of  gunpowder  the  qualities  of  strength  and  agility 
became  of  less  importance  for  the  soldier,  and  athletic  training  was  discon- 
tinued everywhere.  But  within  the  last  few  years  the  changing  conditions  of 
modem  warfare  have  again  demanded  from  the  soldier  a  degree  of  endnranos 
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and  of  rapidity  of  moyement  which  the  waie  of  the  eighteenth  century  did 
not  require.  And  the  population  generally  of  this  country  have  of  late  years 
become  alive  to  the  necessity  of  compensating,  by  some  artificial  system  of 
muscular  exercise,  the  sedentary  life  which  so  many  lead 

In  our  own  time^  the  first  regular  gymnasium  appears  to  have  been  estab- 
lished at  Schwefental,  in  Saxony,  by  Saltzmann,  with  a  view  of  giving  health 
to  the  body,  strengthening  certain  muscles,  and  remedying  deformities. 
About  forty  years  ago  Ling  also  commenced  in  Sweden  the  system  of  move- 
ments which  have  made  his  name  so 'celebrated.  Switzerland,  Spain,  and 
France  followed,  and  of  late  years  in  Gsnnany  many  gymnastic  societies 
(Tumer-Verein)  have  been  founded  in  almost  all  the  great  cities,  and  the  literar 
ture  of  gymnasticism  is  now  a  large  one.  In  our  own  country,  the  outdoor 
and  vigorous  life  led  by  the  richer  classes,  and  by  many  working  men, 
rendered  this  movement  less  necessary,  but  of  late  years  societies  have  been 
formed,  gymnasia  established,  and  athletic  sports  encouraged  in  many  placea 

Among  armies,  the  Swedish  and  Prussian  were  the  first  to  attempt  the 
physical  training  of  their  soldiers.  France  followed  in  1845,  and  ever  since 
a  complete  system  of  gymnastic  instruction  has  been  carried  on  in  the  French 
army,  and  a  military  gymnastic  school  exists  at  Yincennes,  where  instructors 
for  the  army  are  taught 

In  the  English  army  this  matter  attracted  less  attention  until  after  the 
Crimean  war,  when  the  establishment  of  gymnasia  as  a  means  of  training  and 
recreation  were  among  some  of  the  many  reforms  projected  by  Lord  Herbert 
In  1859  General  Hamilton  and  Sir  G.  Logan,  lately  Director-General  of  the 
Army  Medical  Department,  were  sent  over  to  inspect  the  systems  in  use  on 
the  Continent,  and  presented  a  very  interesting  Eeport,  which  was  subse- 
quently published.  A  grant  of  money  was  immediately  taken  for  a  gymnasium 
at  Aldershot,  and  this  has  now  been  in  operation  for  several  years,  under  the 
direction  of  Colonel  Hammersley,  with  most  satisfactory  results  Gymnasia 
are  now  ordered  to  be  built  at  all  the  large  stations,  and  a  complete  code  of 
instructions,  drawn  up  by  Mr  Maclaren  of  Oxford,  is  published  by  authority.* 

The  instructions  have  two  great  objects — let,  To  assist  the  physical  develop- 
ment of  the  recruit ;  2d,  To  strengthen  and  render  supple  the  frame  of  the 
trained  soldier.  Every  recruit  is  now  ordered  to  have  three  months'  gymnastic 
training  during  (or,  if  judged  expedient  by  a  medical  officer,  in  lieu  of  part  of) 
his  ordinary  drill  Two  months  are  given  before  he  commences  rifle  practice, 
and  one  month  afterwards  This  training  is  superintended  by  a  medical 
officer,  who  will  be  responsible  that  it  is  done  properly,  and  who  will  have 
the  power  to  continue  the  exercises  beyond  the  prescribed  time,  if  he  deems 
it  necessary.  The  exercise  for  the  recruit  is  to  last  only  one  hour  a-day,  and 
in  addition  he  will  have  from  two  to  three  hours  of  ordinary  drilL 

The  trained  infantry  soldier  under  ten  years'  service  is  ordered  to  go  through 
a  gymnastic  course  of  three  months'  duration  every  year,  one  hour  being  given 
every  other  day.  The  cavalry  soldier  is  to  be  taught  fencing  and  sword  exercise 
in  lieu  of  gymnastics. 

The  Code  of  Instructions  drawn  up  by  Mr  Maclaren  consists  of  two  parts, 
elementary  and  advanced  exercises.  The  exercises  have  been  arranged  with 
very  great  care,  and  present  a  progressive  course  of  the  most  useful  kind. 
The  early  exercise  commences  with  walking  and  running  ;  leaping,  with  and 
without  the  pole,  follows ;  and  then  the  exercises  with  apparatus  commence, 

- ■ —  ■ ■  -^^^^  ■  "*  ■■■■■■■■■  ■-       ■  .-1.  -^^— . 

*  A  militaiy  system  of  Gymnastic  Exerdses,  by  Archibald  Maclaren,  Adjutant-Qeneral's 
Office,  Horse-Guards,  1862.  Mr  Maclaren  has  also  published  two  other  works  of  great  utility : 
a  System  of  Training  and  Physical  Education.  This  last  work  should  be  in  the  hands  of  every 
one. 
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the  order  being  tlie  horizontal  beam,  the  vaulting  bar,  and  the  yaolting  hone. 
All  these  are  called  exercises  of  progression.  The  elementary  exercises  follow, 
viz.,  with  the  parallel  bars,  the  pair  of  rings,  the  row  of  rings,  the  elastae 
ladder,  the  horizontal  bar,  the  bridge  ladder,  and  the  ladder  plank.  Then 
follow  the  advanced  exercises  of  climbing  on  the  slanting  and  vertieal  pok, 
the  slanting  and  vertical  rope,  and  the  knotted  rope. 

Finally,  the  most  advanced  exercises  consist  of  escalading,  first  against  a 
wall,  and  then  against  a  prepared  building. 

In  the  French  army  swimming  and  singing  are  also  tanght  Both  are  veir 
useful ;  the  singing  is  encouraged,  not  as  a  matter  of  amusement  (though  ii 
is  very  useful  in  this  way),  but  as  a  means  of  improving  the  lungsL 

Swimming  should  be  considered  an  essential  part  of  the  soldiePs  educataon, 
and  it  is  probable  that  ifc  will  be  systematically  taught  in  the  Ei^lish  army. 

Eobert  Jackson  very  strongly  recommended  that  dancing  should  be  taught 
and  encouraged.  There  is  sound  sense  in  this  ;  a  spirited  dance  brings  into 
play  many  muscles,  and  in  a  well-aired  room  is  as  good  an  exercise  as  can  he 
taken.     It  would  also  be  an  amusement  for  the  men. 

Duties  of  the  Officer  in  the  Qyrrmamim. 

The  Medical  Kegulations  order  the  inspecting  medical  officer  and  surgeon 
to  visit  and  advise  on  the  kind  and  amount  of  gymnastic  exercises.  The 
Queen's  Eegulations  (Para.  1360)  order  a  strict  medical  examination  of  each 
man  before  the  instruction  is  commenced.  During  the  course  further  inspect 
tLons  are  to  be  made — of  the  recruits  once  a  fortnight,  of  trained  soldieis 
monthly.  The  measurements  of  the  recruit  are  also  to  be  taken  under  the 
direction  of  the  medical  officer.  The  following  points  should  be  attended  in 
regard  to — 

1.  Recruits, — ^The  recruit  is  inspected  from  time  to  time,  to  see  if  the 
system  agrees  with  him. 

(a)  Weight — The  weight  of  the  body  should  be  ascertained  at  the  b^in- 
ning  and  end  of  the  course,  and  during  it,  if  the  recruit  in  any  way  complins. 
With  sufficient  food  recruits  almost  always  gain  in  weight,  therefore  any  loss 
of  weight  should  at  once  call  for  strict  inquiry.  It  may  be  the  recruit  is 
being  overdone,  and  more  rest  may  be  necessary.  But  in  order  to  avoid  the 
greatest  error,  the  weights  must  be  carefully  tsken  ]  if  they  are  taken  at  all 
times  of  the  day,  without  regard  to  food,  exercise,  &c.,  accuracy  is  impossible ; 
there  may  be  2  5)  or  3  6  variation.  The  physiological  practice  during 
experiments  is  to  take  the  weight  the  first  thing  in  the  morning  before 
breakfast,  and  after  emptying  the  bladder.  If  it  cannot  be  done  at  ^is  time, 
scarcely  any  reliance  can  be  placed  on  the  result.  Food  alone  may  raise  the 
weight  2  &»  or  3  S),  and  we  cannot  be  sure  that  the  same  quantity  of  food  y& 
taken  daily.  The  clothes,  also,  must  be  remembered )  men  should  be  weighed 
naked  if  possible,  if  not,  in  their  trousers  only,  and  always  in  the  same  dress. 

{b)  Height. — This  is  usually  taken  in  the  erect  position.  Dr  Aitken* 
recommends  it  to  be  taken  when  the  body  is  stretched  on  a  horizontal  plana 
A  series  of  experiments  on  both  plans  would  be  very  desirable. 

(c)  Oirth  of  Chest, — The  chest  is  measured  to  ascertain  its  absolute  size, 
and  its  amount  of  expansion. 

It  is  best  measured  when  the  man  stands  at  attention,  with  the  anns 
hanging  ;  and  the  tape  should  pass  round  the  nipple  line.  The  double  tape 
(the  junction  being  placed  on  the  spine)  is  a  great  improvement  over  the 

On  the  growth  of  the  Recruit,  p.  68. 
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single  tape,  as  it  measuies  the  sides  separately,  and  with  practice  can  be  done 
as  qnickl  J. 

The  chest  should  be  measured  in  the  fullest  expiration  and  fullest  inspira- 
tion.  If  the  chest  is  measured  with  the  arms  extended,  or  over  the  head,  as 
ordered  in  the  Eegulations  in  Eecruiting,  the  scapulae  may  throw  out  the  tape 
from  the  side  of  the  chest. 

(d)  The  Ingpiratory  Potffer^  as  expressed  by  the  spirometer,  may  also  be 
employed. 

(e)  Growth  of  Muscles. — ^ThiB  is  known  by  feeling  the  muscles  when 
relaxed  and  in  action,  and  by  measurements.  The  measurement  of  the  upper 
arm  should  be  taken  either  when  the  arm  is  bent  over  the  most  prominent 
part  of  the  biceps,  or  over  the  thickest  part  when  the  arm  is  extended. 

{/)  General  Condition  of  Health, — Digestion,*  sleep,  complexion,  &c.  The 
recruit  should  also  be  inspected  during  the  time  of  exercise,  to  watch  the 
effect  on  his  heart,  lungs,  and  musclea  In  commencing  training  the  great 
point  is  to  educate,  so  to  speak,  the  heart  and  lungs  to  perform  suddenly, 
without  injury,  a  great  amount  of  work.  To  do  this  there  is  nothing  better 
than  practice  in  running  and  jumping.  It  is  astonishing  what  effect  this  soon 
has.  If  possible,  the  increase  in  the  number  of  respirations  after  running  200 
or  300  yards  should  be  noted  on  the  first  day,  as  this  gives  a  standard  by 
which  to  judge  of  the  subsequent  improvement  But  as  it  would  be  impossible 
and  a  waste  of  time  to  do  this  with  all  the  men,  directly  the  run  is  ended 
the  men  should  range  in  line,  and  the  medical  officer  should  pass  rapidly 
down  and  pick  out  the  men  whose  respiration  is  most  hurried.  In  all  the 
exercises  the  least  difficulty  of  respiration  should  cause  the  exercise  to  bo 
suspended  for  four  or  five  minutes.*  The  heart  should  be  watched ;  the 
characters  indicating  the  necessity  for  rest  or  easier  work  are  excessive  rapidity 
(130-160),  smallness,  inequality,  and  irregularity. 

Soreness  of  muscles  after  the  exercise,  or  great  weariness,  should  be  inquired 
into.  It  would  be  well  every  now  and  then  to  try  the  inguinal  and  femoral 
rings  during  exertion  and  coughing. 

One  very  important  part  in  gymnastic  training  depends  on  the  instructor. 
A  good  instructor  varies  the  work  constantly,  and  never  urges  a  man  to 
undue  or  repeated  exertion.  If  the  particular  exercise  cannot  be  done  by 
any  man  it  should  be  left  for  the  time.  Anything  like  urging  or  jeering  by 
.  the  rest  of  the  men  should  be  strictly  discountenanced.  The  instructor  should 
pass  rapidly  from  exercise  to  exercise,  so  that  a  great  variety  of  muscles  may 
be  brought  into  play  for  a  short  time  each,  and  as  the  men  work  in  classes, 
and  all  cannot  be  acting  at  once,  there  is  necessarily  a  good  deal  of  rest 

The  grand  rule  for  an  instructor  is,  then,  change  of  work  and  sufficient 
rest 

In  the  case  of  a  recruit  who  has  not  been  used  to  much  physical  exertion 
the  greatest  care  must  be  taken  to  give  plenty  of  rest  during  the  exercises. 
There  may  even  seem  to  be  an  undue  proportion  of  rest  for  the  first  fortnight, 
but  it  is  really  not  lost  time.  The  medical  officer  is  only  directed  to  visit  the 
gymnasium  once  a  fortnight,  but  during  the  first  fortnight  of  the  training  of  a 
batch  of  recruits  he  should  visit  it  every  day. 

With  proper  care  men  are  very  seldom  injured  in  gymnasia.  I  was  in- 
formed at  Yincennes  that,  though  they  did  not  take  men  unless  they  were 


♦  In  the  training  of  horses  the  points  always  attended  to  are— the  very  ffradual  increase'of 
the  exercise  ;  gentle  waUdng  is  persevered  in  for  a'  long  time,  then  slow  gallops  ;  then,  as  the 
horse  gains  wind  and  strength,  Quicker  gallops  :  hut  the  horse  is  never  distressed,  and  a  hoy 
would  be  dismissed  from  a  stable  if  it  were  known  that  the  horse  he  was  riding  showed,  by 
sighing,  or  in  any  other  way,  that  the  speed  was  too  great  for  him. 
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certified  as  fit  by  a  medical  officer,  they  occasionaUy  got  men  with  "  d^cate 
chests,''  though  not  absolutely  diseased.  These  men  always  improved  marrd- 
lously  during  the  six  months  they  remained  at  Yincennes.  In  fact^  a  regu- 
lated coarse  of  gymnastics  is  well  known  to  be  an  important  remedial  meason 
in  threatened  phthisis.  Hernia  is  never  caused  at  Vincennea  !Nor  does  it 
appear  that  any  age  is  too  great  to  be  benefited  by  gymnastics,  though  in  old 
men  the  condition  of  the  heart  and  vessels  (as  to  rigidity)  should  be  looked  to. 
Trained  Soldiers. — There  is  less  occasion  for  care  with  these  men  ;  they 
should,  however,  be  examined  from  time  to  time,  and  any  great  hurry  of  re- 
spiration noted.  The  man  should  be  called  out  from  the  class,  his  heart  ex- 
amined, and  some  relaxation  advised  if  necessary. 

Drills  and  Marches. 

In  drill,  and  during  marches,  the  movements  of  the  soldiers  are  to  a  certain 
extent  constrained.  In  F the  attitude  of  ^'attention"  the  heels  are  dose 
together,  the  toes  turned  out  at  an  angle  of  60**,  the  arms  hang  close  by  the 
sides,  the  thumbs  close  to  the  forefingezSi  and  on  a  line  with  the  seam  of  the 
trousers.  The  position  is  not  a  secure  one,  as  the  basis  of  support  is  small, 
and  in  the  manual  and  platoon  exercise  the  constant  shifting  of  the  weight 
changes  the  centre  of  gravity  every  moment,  so  that  constant  muBcuIar  action 
is  necessary  to  maintain  the  equilibrium.  Men  are  therefore  seldom  kept  long 
under  attention,  but  are  told  to  "  stand  at  ease  "  and  "  stand  easy,"  in  which 
cases,  and  especially  in  the  latter,  the  feet  are  &irther  apart  and  the  mnadeB 
are  less  constrained. 

In  marching  the  attitude  is  still  stiff — ^it  is  the  position  of  attention,  as  it 
were,  put  into  motion.  The  slight  lateral  movement  which  the  easy  walker 
makes  when  he  brings  the  centre  of  gravity  alternately  over  each  foot^  and 
the  slight  rotatory  motion  which  the  trunk  makes  on  the  hip-joint,  is  restrained 
as  far  as  it  can  be,  though  it  cannot  be  altogether  avoided,  as  is  proved  by 
observing  the  light  swaying  motion  of  a  line  of  even  very  steady  men  marching 
at  quick  tima  Marching  is  certainly  much  more  fatiguing  than  free  walking ; 
and  in  the  French  army,  and  by  many  commanding  officers  in  our  own,  the 
men  are  allowed  to  walk  easily  and  disconnectedly,  except  when  closed  up  for 
any  special  purpose.  This  may  not  look  so  striking  to  the  eye  of  a  novice, 
but  to  the  real  soldier,  whose  object  is  at  the  end  of  a  long  march  to  have  his 
men  so  fresh  that,  if  necessary,  they  could  go  at  once  into  action,  such  easr 
marching  is  seen  to  be  really  more  soldier-like  than  the  constrained  attitades 
which  lead  so  much  sooner  to  the  loss  of  the  soldier's  strength  and  activity. 

In  walking,  the  heel  touches  the  ground  firsts  and  then  rapidly  the  rest  of 
the  foot,  and  the  great  toe  leaves  the  ground  last  The  soldier,  in  some 
countries,  is  taught  to  place  the  foot  almost  flat  on  the  ground,  but  this  is  a 
mistake,  as  the  body  loses  in  part  the  advantage  of  the  buffer-like  mechanism 
of  the  heel.  The  toes  are  turned  out  at  an  angle  of  about  30""  to  45%  and  at 
each  step  the  leg  advances  forward  and  a  Uttle  outward ;  the  centre  of  gravify, 
which  is  between  the  navel  and  the  pubis,  about  in  a  line  with  the  promontoiy 
of  the  sacrum  (Weber),  is  constantly  shifting.  It  has  been  supposed  that  it 
would  be  of  advantage  to  keep  the  foot  quite  straight,  or  to  turn  the  toes  a 
little  in,  and  to  let  the  feet  advance  almost  in  a  line  with  each  other.  But 
the  advantage  of  keeping  the  feet  apart  and  the  toes  turned  out,  is  that^  first, 
the  feet  can  advance  in  a  straight  line,  which  is  obviously  the  custion  of  the 
great  vasti  muscles  in  front  of  the  thigh  ;  and,  second,  when  the  body  is 
brought  over  the  foot,  the  turned-out  toes  give  a  much  broader  base  of  support 
than  when  the  foot  is  straight  The  spring  from  the  great  toe  may  perhaps 
be  a  little  greater  when  the  foot  is  straight  (though  of  this  I  am  not  certain, 
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and  I  do  not  see  why  the  gastroonemii  and  solei  should  contraet  better  in  this 
position),  bnt  there  is  a  loss  of  spring  from  the  other  toe&  Besides  this,  ib^ 
has  beeii  dhown  by  Weber  that  when  the  leg  is  at  its  greatest  length,  t.^., 
when  it  has  just  urgdd  the  body  forward,  and  is  lifted  from  the  ground,  it 
falls  forward  like  a  pendulum  from  its  own  weight,  not  from  muscular  action, 
and  l^is  advance  is  from  within  and  behind  to  without  and  before,  so  that- 
this  action  alone  carries  the  leg  outwards. 

The  foot  should  be  raised  from  the  ground  only  so  far  as  is  necessary  to 
clear  obstaclea  Formerly,  in  the  Bussian  Imperial  Guaid,  the  men  were 
taught  to  march  with  a  peculiar  high  step,  the  knee  being  lifted  almost  to  a 
level  with  the  acetabulum.  The  effect  was  striking,  but  the  waste  of  power 
was  so  great  that  long  marches  were  impossible,  and  I  believe  this  kind  of 
marching  is  now  given  up.  The  foot  should  never  be  advanced  beyond  the 
place  where  it  is  to  be  put  down ;  to  do  so  is  a  waste  of  labour. 

In  the  English  army  the  order  is  as  followB  : — 

Length  and  Number  of  Steps  in  Maixhing. 


Kiod  of  Ste^. 

Length. 

NaperMlniite. 

Gronnd  Tmrened 
Iper  Minute. 

Oroiuid  TmrvtwbA. 

per  Hour  witb- 

oafc  HidtB. 

Inches. 

Feet 

MUei. 

Slow  time,    . 

80 

76 

187i 

2-1 

Quick  time,   . 

80 

116 

290 

8*8 

Stepping  out, 
Double, 

88 

110 

803^ 

8*4 

88 

165 

458} 

5-167 

Stepping  ehort, 

21 

•  •  • 

•  •  • 

••• 

Side  step, 

12 

•  «  • 

»•  • 

• 

•  •• 

or  when 

Fonning  four  deep, 

24 

■  •  « 

•  • 

•  •  • 

Stepping  back. 

80 

•  •  • 

•  •  • 

■  •  • 

The  '^  double  **  is  never  continued  very  long  ;  it  is  stopped  at  the  option 
of  the  commanding  officer.  In  the  French  army  it  is  ordered  not  to  be  con- 
tinued longer  than  twenty  minutes.*  At  the  double  (if  without  arms),  th& 
forearms  are  held  horizontally,  the  elbows  close  to  the  side ;  if  the  rifle  is 
carried,  one  arm  is  so  held.  There  is  an  advantage  in  this  attitude,  as  the 
arms  are  brought  into  the  position  of  least  resistance  ;  more  fixed  points  are 
given  for  the  muscles  of  respiration,  and  the  movement  of  the  anns  and 
shoulders  facilitates  the  rapid  shifting  of  the  centre  of  gravity. 


\       *  It  may  be  worth  while  to^mention  some  of  the  feats  of  celebrated  pedestrians  as  a  meant 
,   of  comparison. 

^       The  mile  has  been  walked  in  7  minates  (or  at  the  rate  of  8^  mUes  per  hour).    Sadh  an  ezer* 
i  tion  is  enormous,  for  the  exertion  is  in  the  ratio  of  the  velocity. 

Ten  miles  have  been  walked  by  Captain  Saunders  in  98^  minutes,  and  21  mUes  in  8  hours 
'  by  WesthaU. 

\      In  runnings  100  yards  luKve  been  coveted  in  9|  seconds ;  a  little  over  10  sec.  is  the'usnal 
f  time. 


I  mile  in 

1  mile  in 

2  miles  in 
6 

10 

11     ,,       and  46  yards 
20 
40 
100 


>9 

ft 

W 

tt 

tt 

>f 


1  minute  58  seconds. 
4  minutes  22^    „ 
9  minutes  20     „ 

81 

51 

60 
120        „ 

5  hours. 

18  hours  and  50  minutes. 


ft 

$9 


(  O'Leary  and  Weston  covered  500  miles  in  144  hours ;  Qale  walked  1500  in  1000  consecutive 
(  hoars,  and  4000  quarter  miles  in  4000  successive  periods  of  |10  minutes  each,— both  enormous 
,  feats  of  endurance. 
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Quick  time  is  always  used  in  drills  and  marching.  The  ground  got  over 
per  hour  is  generally  reduced  by  halts  to  2*8  miles. 

Eunning  drill  has  been  introduced  during  the  last  seven  years  ;  it  is  not 
carried  beyond  1000  yards,  and  the  men  are  gradually  brought  up  to  tiiis 
amount  The  pace  is  not  to  exceed  6  miles  an  hour.  All  men  over  15  years' 
service  and  weakly  men  (if  considered  unfit  by  the  medical  officers),  are  to  be 
excused  (Queen's  Eeg.  1377). 

In  the  French  army  the  length  of  the  step  is  rather  different 

French  Steps  in  English  Measures,     (Morache,  1874). 


Length  of  Step 
in  Inchea. 

Steps  per  Minate. 

Ground  Tr»Tened 

per  Hinate  in 

Feet. 

Gronnd  Tnrtrati 
per  Hour  in  KSka. 

Pas  ordinaire,    . 
Pas  de  route,     . 
Pas  acc^l^r^, 
Pas  de  charge,  . 
Pas   maximum 
(gymnastiqae), 

26 
26 
26 
29-5 

32-5 

76 

90 

110 

120 

165 

164 
195 
238 
295 

449 

1-86 
2-22 
270 
3*35 

510 

The  French  step  is  therefore  4  inches  shorter  than  the  English  ;  this  a 
perhaps  because  the  men  are,  as  a  rule,  shorter.  The  Prussian  and  the 
Bavarian  step  is  31^  inches  long,  and  112  steps  are  taken  per  minute. 

The  exact  length  of  the  step,  and  the  number  per  minute,  are  very  import- 
ant questiona  The  object  of  the  soldier  is  to  get  the  step  as  long,  and  the 
number  per  minute  as  great,  as  possible,  without  undue  fatigue,  so  as  to  get 
over  the  greatest  amount  of  ground. 

The  quickest  movement  of  the  leg  forward  in  walking  has  been  shown  bj 
"Weber  to  correspond  very  closely  with  half  a  pendulum  vibration  of  the  leg 
and  to  occupy  on  an  average,  0*357  seconds  ;  this  would  give  168  steps  per 
minute,  supposing  the  one  foot  left  the  ground  when  the  other  touched  it 
This  is  much  quicker  than  the  army  walking  step  (the  double  is  a  run),  and 
no  doubt  much  quicker  than  could  long  be  borne,  since,  with  a  step  of  only 
30  inches,  it  would  give  nearly  5  miles  per  hour  ;  but  it  may  be  a  question 
whether,  with  men  in  good  condition,  the  pace  might  not  be  increased  to  130 
per  minute.  Practical  trials,  however,  with  soldiers  carrying  arms  and 
accoutrements  can  only  decide  this  point 

The  length  of  the  step  of  an  average  man  has  been  fixed  by  the  Brother 
Weber  at  about  28  inches.  In  individual  cases,  it  depends  entirely  on  the 
length  of  the  lega  Eobert  Jackson  considered  30  inches  as  too  long  a  step 
for  the  average  soldier,  and  suggested  27  inchea  It  is  of  great  importance 
not  to  lessen  the  length  too  much,  and  it  would  be  very  desirable  to  have  eons 
well-conducted  experiments  on  this  point  The  steps  must  be  shorter  if 
weights  are  carried  than  without  them  ;  a  little  consideration  shows  how  this 
is  :  When  a  man  walks,  he  lifts  his  whole  body  and  propels  it  forward,  and 
in  doing  so,  the  point  of  centre  of  gravity  describes  a  circular  motion,  in  the 
form  of  an  arc  about  the  foot  The  less  the  body  is  raised,  or,  in  other  words^ 
the  shorter  the  versed  sine  of  the  arc,  the  less  of  course  the  labour.  In  long 
steps  the  arc,  and  of  course  the  versed  sine,  or  height  to  which  the  body  b 
raised,  are  greater;  in  short  steps,  less.*  It  is  probable  that,  with  the  wei^ 
the  soldier  carries  (60  9>),  the  step  of  30  inches  is  quite  long  enough,  peifaape 
even  too  long  ;  and  it  would  be  desirable  to  know  if,  after  a  march  of  six  cr 
eight  miles,  the  steps  do  not  get  shorter. 

*  The  Brothers  Weber,  however,  have  shown  that  the  angle  at  which  the  body  is  brat  mi 
consequently,  the  coefficient  of  resistance  are  not  affected  hj  the  lengtii  of  step,  provided  tbi 
Telocity  remiUDs  the  same. 
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In  the  French  army,  the  march  is  commenced  at  the  pas  de  route  (90  steps 
per  minute) ;  then  accelerated  to  1 10  steps ;  during  the  last  half-hour  100  steps 
are  returned  to.  But  the  soldiers  themselves  often  set  the  step  ]  the  grenadiers 
and  the  yoltigenrs  alternately  leading.  Four  kilometres  ( =  2^  miles)  are  done 
in  forty-five  or  forty-eight  minutea  One  kilometre  ( »  0*62  miles)  is  done  in 
about  twelve  minutes. 

The  soldier,  in  this  country,  when  he  marches  in  time  of  peace  in  heavy 
order,  carries  his  pack,  kit,  haversack,  water-bottle,  greatcoat,  rifle,  and 
ammunition  (probably  twenty  loundB).  In  India,  he  does  not  cany  his  pack 
or  greatcoat. 

There  is  a  very  general  impression  that  the  best  marchers  are  men  of  middle 
size,  and  that  very  tall  men  do  not  march  so  well 

Length  of  the  March. — In  ^'  marching  out "  in  time  of  peace^  which  is 
done  once  or  twice  a-week  in  the  winter,  the  distance  is  6  or  8  miles.  In 
marching  on  the  route  or  in  war,  the  distance  is  from  10  or  12  miles  to 
occasionally  18  or  20,  but  that  is  a  long  march.  A  forced  march  is  any 
distance — 25  to  30,  and  occasionally  even  40  miles  being  got  over  in  twenty- 
four  hours.  In  the  Prussian  army  the  usual  march  is  14  miles  (Engbsh) ;  if 
the  march  is  continuous^  there  is  a  halt  every  fourth  day. 

Conditions  rendering  Marches  Slower. — ^The  larger  the  body  of  men  the 
slower  the  march ;  14  miles  will  be  done  in  six  or  seven  hours  by  two  or  three 
regiments,  but  not  under  eight  or  nine  hours  by  80Q0  or  10,000  men.  A 
laige  army  will  not  go  over  14  miles  under  ten  hours  usually.  A  single 
regiment  can  do  20  miles  in  eight  hours,  but  a  large  amny  will  take  twelve  or 
fourteen,  including  halts.  Head  winds  greatly  delay  marches  ;  a  very  strong 
wind  acting  on  a  body  of  men  will  cause  a  difference  of  20  to  25  per  cent^  or 
4  miles  will  be  got  over  instead  of  5. 

Snow  and  rain,  without  head  wind,  delay  about  10  to  15  per  cent^  or  4^ 
miles  are  done  instead  of  5. 

Of  course,  bad  or  slippery  roads,  deep  sands,  keavy  snows,  jun^e  and 
brushwood,  are  often  acting  against  the  soUdier,.  and  in  hilly  and  jungly 
countries  only  5  or  6  miles  may  be  got  over  in  a.  day. 

Conditions  adding  to  the  Fatigae  of  Marcbdng. — Heat — dust — thirst — 
constant  halts  from  obstructions — ^want  of  food — bad  weather,  especially  head 
-winds  with  rain.  In  order  to  avoid  heat  and  dust,  it  is  desirable,  when  it 
can  be  done,  to  separate  the  cavalry  and  artillery  from  the  infantry ;  to  let 
the  latter  march  in  open  order,  and  with  as  large  a  front  as  possible. 

Instances  of  Marches  during  War. — ^It  is  most  important  for  a  soldier  to 
know  what  has  been  done  and  what  can  be  done  with  a  large  body  of  foot 
soldiers,  and  it  is  scarcely  less  interesting  to  the  physiologiBt  In  comparing 
the  marches  of  infantry,  it  must  always  be  remembered  how  great  an  effect 
increasing  the  number  of  men  has  in  lessening  the  rapidity  and  length  of  a 
march,  and  in  increasing  the  fatigue.  No  large  army  has  ever  made  the 
marches  small  bodies  of  troops  have  done. 

At  times  the  fatigue  undergone  by  trained  men  has  been  something  almost 
incredible.  Wolfe  mentions  in  one  of  his  letters  that  in  1760,  just  before 
the  battle  of  Dettingen,  his  regiment  marched  from  Frankfort ''  two  days  and 
two  nights  with  only  nine  or  ten  hours'  halt"  This  would  be  a  march  then, 
of  thirty-eight  hours  out  of  forty-eight  He  gives  the  distance  at  about  40 
miles,  but  it  was  probably  more.  The  43d,  52d,  and  95th  Begiments  of 
Foot,  forming  the  Light  Division  under  Grawfurd,  made  a  forced  march  in 
July  1809,  in  Spain,  in  order  to  reinforce  Sir  Arthur  Wellesley  at  the  battle 
of  Talavera.  About  fifty  weakly  men  were  left  behind,  and  the  brigade  then 
marched  62  miles  in  twenty-six  hours,  carrying  arms,  ammunition,  and  pack — 
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in  all,  a  weight  of  between  50  lb  and  GO  lb.*    There  were  only  aeventecm  stng- 
^eis.    The  men  had  been  well  trained  in  matching  daring  the  pievions  mont^ 

One  of  theee  legiments — the  52d — ^made  in  India,  in  1857,  a  maxcb  as 
extiaozdinaTy.  In  the  height  of  the  mutiny,  intelligence  reached  them  of  the 
locality  of  the  rebels  from  Sealkota.  The  52d,  and  some  artillery,  started  at 
night  on  the  10th  of  July  1857  from  Umritzur,  and  reached  Goodaaepoie,  42 
miles  0%  in  twenty  hours,  some  part  of  the  march  being  in  the  son.  On  tin 
following  morning  tibey  marched  10  miles,  and  engaged  the  mntineera  Tliey 
were  for  the  first  time  clad  in  the  comfortable  gray  or  dnst-coloared  native 
Khakee  cloth. 

A  march  of  a  small  party  of  French  was  narrated  by  an  officer  of  the  party 
who  was  afterwardB  wounded  at  8edan,  to-Dr  Frank,  who  kindly  gave  me 
the  particulara  A  company  of  a  regiment  of  Chasseurs  of  Macmahon's  army, 
after  being  on  grand  g^uard,  without  shelter  or  fire,  during  the  rainy  night  of 
the  5th-6th  August  1870,  started  at  three  in  the  morning  to  rejoin  its 
regiment  in  retreat  on  Niederbronn,  after  the  batde  of  Weissenboig:  It 
arrived  at  this  viUage  at  3.30  in  the  afternoon,  and  started  again  for 
Fhalsbourg  at  six  o'clock.  The  road  waa  across  the  hillS)  and  along  forest 
tracts,  which  were  very  difficult  for  troops.  It  arrived  at  Fhalsbourg  at  8.30 
o'clock  in  the  evening  of  the  next  day.  The  men  had,  therefore,  marched 
part  of  the  night  of  tli»  5th-»6th  August,  the  day  of  the  6th,  the  night  of  the 
6th-7th,  and  the  day  of  the  7th  till  8.30  p.m.  The  halts  were  eight  minutes 
ever^r  hour,  from  3.30  to  6,  one  hour  in  the  night  of  the  6th-7thy  aud  2\ 
hours  on  the  7th.  Altogether,  including  the  halts,  the  march  lasted  4l| 
hours,  and  the  men  must  have  been  actually  on  their  feet  about  thirty  hoors^ 
in  addition  to  the  guard  duty  on  the  night  before  the  march. 

An  officer  of  a  Saxon  Fusilier  regiment  gave  me  the  following  statement 
of  a  forced  march  in  one  of  the  actions  at  Meto,  in  1870.  The  regiment 
was  alarmed  at  midnight  and  marched  at  one  A.M.,  and  continued  maichiiig 
with  halts  until  7  p.m.  ;  they  bivouacked  for  the  night,  marched  at  7  the  next 
morning,  came  into  action  at  1'30,  and  in  the  evening  found  themselvee  15 
kilometres  beyond  the  field  of  battla  The  total  distance  was  53|-  miles  in 
about  f orty-two  hours,  with  probably  fifteen  hours'  halt 

Koth  mentions  that  the  18th  division  of  the  Saxon  army  in  the  various 
manoeuvres  about  Orleans  marched,  on  the  16th  and  17th  Deoemb^  1870, 54 
English  miles. 

Von  der  Tann's  Bavarian  army,  in  retreat  on  Orleans^  marched  42  miles  in 
twenty-six  hours. 

These  were  all  forced  maiobes  for  the  purpose  of  coming  into  action  or  retir- 
ing after  discomfiture.  Apart  from  the  Peninsular  Light  Division  march,  thej 
show  that  in  two  days  and  one  night  a  small  body  of  men  may  cover  54 
English  miles,  and  that  is  probably  near  the  limit  of  endurance.  The  Ligbt 
Division  march  is  so  excessive  (62  miles  in  twenty-six  hours,  or  2 '38  mileB 
every  hour,  without  reckoning  halts),  that  it  may  be  doubted  if  the  distance 
was  properly  reckoned.! 

When  a  large  army  moves  it  has  never  accomplished  such  distancea 

*  Napiei's  War  in  the  PeninBnla,  8d  edit  vol.  ii.  p.  400 ;  Moorsoin's  Record  of  the  53d 
Be^ment,  p.  115.  Both  authors  state  that  the  men  carried  between  60  lb  and  60  lb  od  this 
extraordinarv  march,  but  there  seems  a  little  doubt  of  this.  During  the  Peninsular  war  the 
men  carried  bags,  weighing  about  2  lb,  and  not  framed  packs,  and  their  kits  were  very  acantr. 
Lord  Clyde,  in  talking  of  this  march  to  my  colleague,  Mr  Longmore,  told  him  the  men  odIt 
carried  a  shirt,  and  a  spare  pair  of  either  boots  or  soles.  He  saw  the  men  march,  in.  In  aU 
probability  also  they  would  not  carry  their  full  ammunition. 

•(■  Sir  William  Cope,  who  was  one  of  the  officers  of  the  95th,  says  (in  his  History  of  the  T^^ 
Brigade,  formerly  the  05th),  that  the  distance  waa  only  40  miles. 


]£ARCHBS  IN  WAB.-^BDER  OF  MARCH.  597 

In  1806  the  Fzench  anny  inarched  on  one  occasion  49  kilometres,  or  30^ 
miles.  On  the  15th  June  1815,  Napoleon  made  a  foroed  maich  to  surprise 
the  Ftoasiansand  English,  but  only  accomplished  30  kikimetresor  18f  miles. 

In  Sherman's  celebrated  march  across  the  Southern  States  the  daily  distance 
was  about  14  miles.  When  the  Prussians  advanced  on  Vienna,  after  the 
battle  of  Koniggratz  in  1866,  they  accomplished  almost  the  same^  and  had  also 
outpost  duty  every  other  ni^t 

The  Russians  marched  in  the  expedition  to  Ehiva,  in  1873,  4687  miles 
(English)  in  89  days,  but  as  actual  marching  was  done  only  on  44  daya^  the 
average  daily  march  was  (468*7-7-44)  10*65  miles;  the  longest  march  was 
26^  milea* 

Macmahon'sanny,  in  its  march  to  relieve  Bazaine  at  M^tz,  could  only 
acoomplish  about  10  miles  daily,  while  the  Grown  Prince  of  Prussia  in  pursuit 
was  far  more  rapid. 

After  Sedan,  the  Prussian  and  Saxon  troops  pushed  on  to  Paiis  by  foroed 
marches  and  accomplished  on  an  average  35  kilometres^  oir  21f  miles,  daily, 
and  they  marp>hed  on  some  days  42  to  45  kilometres  (26  to  28  miles) ;  tiiey 
started  at  £ve  or  six,  and  were  on  their  ground  from  four  to  eight  o'dook,  the 
Aversge  pace  being  5  kilometres  (3*1  miks)  per  hour. 

In  the  Indian  mutiny  sevsml  regiments  marched  30  milss  a  day  for  seveml 
.day& 

When  marches  are  continued  day  after  day,  an  average  of  about  20  miles 
may  be  expected  from  men  for  two  or  three  weeks,  After  which,  probably,  the 
Amount  would  lessen. 

It  is  difficult  to  estimate  the  labour  of  such  marches,  as  besides  the  actual 
jnarch  there  is  often  work  in  fetching  water,  cooking,  pitching  tenta^  sentry, 
outpost)  and  picket  duty,  &c.  As  20  miles  a^ay  with  60  lb  weight  is 
equivalent  to  lifting  495  tons  one  foot,  and  there  is  always  additional  work 
to  be  done,  it  is  clear  that  the  labour  is  excessive  and  must  be  prepared  for, 
and  that  during  the  time  the  men  must  be  well  fed. 

In  marfihing  long  distances,  the  extent  of  the  marches,  the  halting  grounds, 
&C.,  are  fixed  by  the  Quartermaster-Creneral's  department 

OccasionaUy  the  march  has  been  divided,  one  part  being  done  in  the  early 
morning,  and  the  remainder  late  in  the  afternoon.  It  is,  however,  better  to 
make  the  march  continuous,  and,  if  necessary,  to  lengthen  the  midnday  halt. 

Order  of  MarcJk — Whenever  possible^  it  seems  desirable'  to  march  in  open 
order.  Inspector-General  J.  R  Taylor  has  given  evidence  to  show  that  a 
close  order  of  ranks  is  a  cause  of  unhealthiness  in  marching,  similar  to  that  of 


*  In  1709,  on  the  8d  Sept,  in  order  toseenre  the  passage  of  the  Haine,  the  Prince  of  Hesse 
Casael  made  a  march  of  49  English  miles  in  56  successive  hours,  with  4000  foot  and  00 
sqaadrotts  (Coze's  Life  of  Marlborough  t.  10~^. 

Alison  (History  of  Marlborough,  voL  il  p.  27),  says  that  "  this  rapidity  of  advance  for  such 
a  distance  had  never  been  previously  surpaiwed,  though  it  has  been  out-done  in  later  times." 
He  refers  in  a  foot-note  to  Mackensie's  march  to  join  WelUngton  at  Talavera,  which  he  gives  as 
02  English  miles  in  26  hours  ;  also  the  Russian  foot  guards  advancing  to  Paris  in  1814,  after 
the  combat  at  Fire-Champenoise,  marched  48  miles  in  26  hours. 

In  the  Times  of  1873  a  writer  gives  the  following  statement ;  he  quotes  ftom  a  dispatch 
published  in  the  London  Gaiette  of  1859.  "Dunng  the  day  the  troops  from  Khulkhulla 
marched  36  miles,  and  those  from  the  camp  48  miles,  and  much  of  this  under  a  more  than 
usually  hot  sun."  He  also  says  that  at  the  end  of  1858,  Qenwal  Whitlock  marched  86  miles 
in  87  hours  to  relieve  Kirwee. 

In  April  1859  Ck>lonel  Desalis,  (London  Gazette  1859),  reported  a  march  of  not  less  than  40 
miles.  Captain  Reunie's  force  also  marched  40  in  24  hours.  In  the  same  No.  of  the  Times, 
Captain  Carleton  states  that  Daly's  Guide  Corps  marched  from  near  Peshawur  to  Delhi,  580 
miles  in  22  days.  Sir  Hope  Grant  says  750  miles  in  28  days.  He  alfo  says  that  the  1st 
Bengal  Fusiliers  (European)  marched  68  miles  in  38  hours. 
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overcrowding  in  barracks  ;  and  the  Medical  Board  of  Bengal  have,  in  accord- 
ance with  this  opinion,  recommended  that  military  movements  in  close  ord^ 
should  be  as  little  practised  as  possiUa  There  should  aIso  be  as  much  inter- 
val as  can  be  allowed  between  bodies  of  troops. 

Effects  of  Marchee, — Under  ordinary  ^conditions,  both  in  cold  and  hot 
countries,  men  are  healthy  on  the  marck 

But  marches  are  sometimes  hurtful — 

\gty  When  a  sin^e  long  and  heavy  march  is  undertaken  when  the  men  are 
overloaded,without  food,  and  perhaps  without  water.  The  men  fall  cut,  aod 
the  road  becomes  strewed  with  stragglera  Sometimes  the  loss  of  lile  hes 
been  great. 

The  prevention  of  these  catadtarophes  is  easy.  Place  the  soldier  as  mndi  as 
possible  in  the  position  of  the  professional  pedestrian  ;  let  his  cloth^8  and 
accoutrements  be  adapted  to  his  work ;  supply  him  with  water  And  prop^  food, 
and  exclude  fipirits  ;  if  unusual  or  rapid  exertion  is  demanded,  the  weights 
must  be  still  more  li^^iiened 

When  a  eoldier  falls  out  on  tiie  march  he  will  be  found  partially  fainting; 
with  cold  moist  extremities,  a  profuse  sweat  everywhere ;  the  pulse  is  vety 
quick  and  weak — often  irregular ;  the  respiration  often  sighing.  The  weights 
should  be  removed,  clothes  loosened,  the  man  laid  on  the  ground,  cold  water 
dashed  on  the  face,  and  water  given  to  drink  in  small  quantitieeL  If  the 
syncope  is  very  alarming,  brandy  must  be  used  as  the  only  way  of  keeping 
the  heart  ae^ting,  but  a  large  quantity  is  dangerous.  If  it  can  be  obtained, 
weak  hot  brandy  and  water  is  the  best  under  these  circumstances.  Wh«i  he 
has  recovered,  the  man  must  not  march — ^he  should  be  carried  in  a  waggoo, 
and  in  a  few  minutes  have  something  to  eat,  but  not  much  at  a  time.  Con- 
centrated beef-tea  mixed  with  wine  is  a  powerful  restorative,  just  as  it  is  to 
wounded  men  on  the  field. 

2d,  When  the  marches  which  singly  are  not  too  long,  are  prolonged  over 
many  days  or  weeks  without  due  rest. 

With  prc^r  halts  men  will  march  easily  from  500  to  1000  miles,  or  even 
farther,  or  from  12  to  16  miles  per  diem,  and  be  all  the  better  for  it ;  but 
after  the  second  or  third  week's,  there  most  be  one  halt  in  the  week  besides 
Sunday.  If  not,  the  work  begins  to  tell  on  the  men ;  they  get  oat  of  condi- 
tion, the  muscles  get  soft,  appetite  declines,  and  there  may  be  even  a  littk 
ansemia.  The  same  effects  are  produced  with  a  much  less  quantity  of  wad:, 
if  the  food  is  insufficient  Bad  food  and  insufficient  rest  are  then  the  great 
causes  of  this  condition  .of  body. 

In  such  a  state  of  body  malarious  fevers  are  intensified,  and  in  India 
attacks  of  cholera  are  more  frequent  It  has  been  supposed  that  the  body  u 
overladen  with  the  products  of  metamoiphosia,  which  cannot  be  oxidised  fast 
enough  to  be  removed. 

Directly  the  least  trace  of  loss  of  condition  begins  to  be  perceived  in  the 
more  weakly  men  (who  are  the  tests  in  this  case),  the  surgeon  should  advise 
the  additional  halt,  if  military  exigencies  permit  On  the  halt  day  the  men 
should  wash  themselves  and  their  clothes,  and  parade,  but  should  not  diilL 

^d.  When  special  circumstances  produce  diseases. 

Exposure  to  wet  and  cold  in  temperate  climates  is  the  great  foe  of  the 
soldier.  As  long  as  he  is  marching,  no  great  harm  results ;  and  if  at  nigbt 
he  can  have  dj^-  and  warm  lodgings,  he  can  bear,'  when  seasoned,  great 
exposure.  But  if  he  is  exposed  at  night  as  well  as  day,  and  in  war  he  often 
is  so,  and  never  gets  dry,  the';  hardiest  men  will  suffer.  Afiections  arising 
from  cold,  such  as  catarrhs,  rheumatism,  pulmonary  inflammation,  and 
dysentery  are  caused* 
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These  are  incidental  to  the  soldiei^s  life,  and  can  never  be  altogether 
avoided.  But  one  great  boon  can  be  given  to  him ;  a  waterproof  sheet, 
which  can  cover  him  both  day  and  night,  has  been  found  the  greatest  comfort 
by  those  who  have  tried  it. 

The  soldier  may  have  to  march  through  malarious  regions.  The  march 
ahould  then  be  at  mid-day  in  cold  regions,  in  the  afternoon  in  hot  The  early 
morning  marches  of  the  tropics  should  be  given  up  for  the  time ;  the  deadliest 
time  for  the  malaria  is  at  and  soon  after  sunrise.  If  a  specially  deadly  narrow 
district  has  to  be  got  through,  such  as  a  Terai,  at  the  foot  of  hills,  a  single 
long  march  should  be  ordered ;  a  thoroughly  good  meal,  with  wine,  should  be 
taken  before  starting,  and  if  it  can  be  done,  a  dose  of  quinine.  If  the  troops 
must  halt]  a  night  in  such  a  district^  every  man  should  take  five  grains  of 
quinine^  Tents  should  be  pitched  in  accordance  with  the  rules  laid  down  in 
the  chapter  on  Camps,  and  the  men  should  not  leave  them  till  the  sun  is  well 
up  in  the  heavens. 

Yellow  fever  or  cholera  may  break  out  The  rules  in  both  cases  are  the 
same.  At  once  leave  the  line  of  march ;  take  a  short  march  at  right  angles 
to  the  wind ;  separate  the  sick  men,  and  place  the  hospital  tent  to  leeward ; 
let  every  evacuation  and  vomited  matter  be  at  once  buried  and  covered  with 
earth,  and  employ  natives  (if  in  India)  to  do  this  constantly,  with  a  serjeant 
to  superintend.  Let  every  duty-man  who  goes  twice  to  the  rear  in  six  hours 
report  himself,  and,  if  the  disease  be  cholera,  distribute  pills  of  acetate  of  lead 
and  opium  to  all  the  non-commissioned  officers.  Directly  a  man  who 
becomes  choleraic  has  used  a  latrine,  either  abandon  it,  or  cover  it  with  earth 
and  lime  if  it  can  be  procured  If  there  is  carbolic  acid  or  chloride  of  zinc, 
or  lime  or  sulphate  of  iron  or  zinc  at  hand,  add  some  to  every  stool  or  vomit 

In  two  days,  whether  the  cholera  has  stopped  or  not,  move  two  miles ;  take 
care  in  the  old  camp  to  cover  everything,  so  that  it  may  not  prove  a  focus  of 
disease  for  others.  The  drinking  water  should  be  constantly  looked  to.  A 
regiment  should  never  follow  one  which  carries  cholera;  it  should  avoid 
towns  where  cholera  prevails ;  if  it  itself  carries  cholera,  the  men  should  not 
be  allowed  to  enter  towns.  I  know  one  instance  (and  many  are  known  in 
India)  where  cholera  was  in  this  way  introduced  into  a  town. 

The  men  may  suffer  from  insolation.  This  will  generally  be  under  three 
conditions.*  Excessive  solar  heat  in  men  unaccustomed  to  it  and  wrongly 
dressed,  as  in  the  case  of  the  98th  in  the  first  China  war,  when  the  men 
having  just  landed  from  a  six  months'  voyage,  and  being  buttoned  up  and 
wearing  stocks,  fell  in  numbers  during  the  first  short  march.  A  friend  who 
followed  with  the  rearguard  informed  me  that  the  men  fell  on  their  faces  as 
if  struck  by  lightning ;  on  running  up  and  turning  them  over,  he  found 
many  of  them  already  dead.  They  had,  no  doubt,  struggled  on  to  the  last 
moment  This  seems  to  be  intense  asphyxia,  with  sudden  failure  of  the 
heart-action,  and  is  the  '^  cardiac  variety  "  of  Morehead. 

A  dress  to  aUow  perfectly  free  respiration  (freedom  from  pressure  on  chest 
md  neck),  and  protection  of  the  head  and  spine  from  the  sun,  will  generally 
prevent  this  form  The  head-dress  may  be  wetted  from  time  to  time ;  a 
piece  of  wet  paper  in  the  crown  of  the  cap  is  useful  When  the  attack  has 
occurred,  cold  efiusion,  artificial  respiration,  ammonia,  and  hot  brandy  and 
water  to  act  on  the  hearty  seem  the  best  measures.  Bleeding  is  hurtful ; 
perhaps  fatal     Cold  affusion  must  not  be  pushed  to  exces& 

*  Of  course  I  do  not  enter  here  into  the  pathology  of  this  aflTection.  For  this  I  refer  to  the 
ipreat  works  of  Morehead  and  Martin  and  Aitken  and  Maclean.  I  look  at  it  from  a  spedal 
point  of  view. 
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In  a  second  fonn  the  men  are  exposed  to  continued  heat^*  both  in  the  son 
fOid  out  of  it^  day  and  night,  and  the  atmoiq)h'ere  is  still,  and  peifaape  moi^ 
00  that  eyapoiation  is  lessened,  or  the  sir  is  vitiated.  If  much  ^^c^ertion  is 
taken,  the  freest  perspiration  is  then  necessary  to.^eep  down  the  hef^  of  the 
hodiy ;  if  anything  ohecks  this,  and  the  skin  gets  dry,  a  cartion  aaioiuit  of 
pyrexia  occurs ;  the  pulse  rises ;  the  head  nchcjs ;  i^ie  eye^  get  opAgeeted; 
there  is  a  frequent  desire  to  miotuiate  (Loagrnoie),  und  gwdpal  or  snddoi 
coma,  with  perhaps  convulsions  and  atertor,  oomes  on,  even  sosoetiiiieB  wha 
a  man  is  lying  quiet  in  his  tent  The  causes  of  the  int^ruption  to  perafiiia- 
tion  are  not  known ;  it  may  be  that  the  skin  is  aqted  i^pon  in  wmke  way  bj 
the  heat,  and  from  being  over-stimulated,  at  last  becomes  inactiva 

In  this  fonn  cold  affusion,  ice  to  the  head,  and  ice  taken  by  the  mouth,  sae 
the  best  remedies ;  perhaps  even  ice  water  by  the  rectum  might  be  tried 
Stimulants  are  hurtful  The  exact  pathology  of  this  form  of  inaolation  ii 
uncertain.     It  is  the  cerebro-spinal  variety  of  Morehead. 

In  a  third  form  a  man  is  exposed  to  a  hot  land-wind ;  perhape,  as  many 
have  been,  from  lying  drunk  without  cover.  Wh&a  l»onght  in,  there  it 
generally  complete  coma  with  dilsrted  pupils,  and  a  very  darUy  flushed  iaoa 
After  death  the  most  striking  point  is  the  enormous  coi^geetion  of  the  long^ 
which  is  also  marked,  though  less  so,  in  the  other  varieties.  Althou^  1 
have  dissected  men  in  a  very  large  number  of  disesses  both  in  India  sad 
England,  I  have  never  seen  anything  like  the  enoipnoiis  oongestiLon  I  have 
observed  in  two  or  three  oases  of  this  kind. 

As  prevention  of  all  f onns,  the  following  points  should  be  attended  to  :— 
Suitable  clothing;  plenty  of  cold  drinking  w^ter  (Oawford) ;  ventilation: 

! production  in  buildmgs  of  currenta  of  air ;  bathing;  fivoid4nQe  of  spirite; 
essezung  of  exertion  demanded  from  the  men. 

IhUy  cf  Medical  Officers  during  Mg/rches, 

Oeneral  Ditties  on  Marches  in  India  or  ihe  Cblome9.-rr-Before  commencing 
the  march,  order  all  men  with  sore  feet  to  report  themselve&  See  that  all 
the  men  have  their  proper  kits,  neither  more  nor  les&  Every  man  should  be 
provided  with  a  water-bottie  to  hold  not  less  than  a  pint  Inspect  halting- 
grounds,  if  possible ;  see  that  they  are  perfectiy  dean,  and  that  everything  it 
ready  for  the  men.  In  India,  on  some  of  the  trunk  roads  there  are  regulir 
halting-grounds  set  apart  The  conservancy  of  these  should  be  very  car^hillT 
looked  to,  else  they  become  nothing  but.  foci  for  disseminating  diaeassL  If 
there  are  no  such  places,  halting-grounds  are  selected.  It  should  be  a  mk 
never  to  occupy  an  encamping  ground  previously  used  by  another  corps  if  it 
can  be  avoided ;  this  applies  to  aU  ^^ases.  Seleot  a  position  to  windward  of 
such  an  old  camp,  and  keep  as  far  as  possible  from  it  The  encampment  of 
the  transport  department,  def^iants,  camels,  buUock  carts,  &a,  must  be  looked 
to, — they  often  are  very  dirty  :  keep  them  to  leeward  of  the  camp,  not  too 
near,  and  see  eq>ecially  that  there  is  no  chance  of  their  contaminating  atreame 
supplying  drinking  water.  If  the  encampment  is  on  the  banks  of  a  stream, 
the  proper  place  for  the  native  camp  and  bazaar  will  always  be  lower  down 
the  stream.  The  junior  medical  officer,  if  he  can  be  spared,  should  be  sent 
forward  for  this  purpose  with  a  combatant  officer.  Advise  on  length  of 
^naiches,  halts,  &c.,  and  draw  up  a  set  of  plain  rules  to  be  promulgated  bj 
the  commanding  officer,  directing  the  men  how  to  manage  on  the  march  if 
exposed  to  great  heat  or  cold,  or  to  long-continued  exertion,  how  to  purify 

*  The  heat  of  sandyplainfl  is  the  worst,  probably,  from^the  great  absorption  of  heat  and  tte 
aontiiiuod  ndiatioa.  The  heat  of  the  son,  jmt  a^  is  not  to  bad;  on  board  ahip  •an-strolnii 
BDoonimon. 
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water,  olean  their  clotheSy  &c.  [f  tixe  maich  im  to  last  sometime,  and  if  halts 
are  ijiade  for  two  or  three  days  at  a  time,  -write  a  set  9f  ixistgructioivs  for 
ventijiating  and  cleaning  tents,  regulation  of  latrines^  &c. 

Special  DutUs  for  the  March  itself. — Inspect  the  breakfast  or  moining 
refreshment ;  see  that  the  inen  get  their  cofiee,  &c.  On  xio  account  allow  a 
m<»ning  diram,  either  in  malarious  r^ons  or  elsewhera  Inspect  the  water- 
casks,  and  see  them  properly  placed,  so  that  the  men  may  be  supphed ; 
inspect  some  of  the  men,  to  see  that  the  water-bottles  are  fulL  March  in 
rear  of  the  regiment  so  as  to  pick  up  aU  the  men  that  fall  out^  and  order  men 
who  cannot  march  to  be  carried  in-  waggons,  dhooHes,  &c.,  or  to  be  relieved 
of  their  packs,  &c  if  there  axe  two  mediofll  officeis,  the  senior  should  be  in 
rear ;  if  a  regiment  marches  in  divisions,  the  senior  is  ordered  to  be  with  the 
last  When  men  are  .ordered  either  to  be  carried  or  to  have  their  packs  carried, 
tickets  should  be  given  specifying  the  length  of  time  they  are  to  be  canied. 
These  tickets  ahould  be  prepared  before  the  march,  so  that  nothing  has  to  be 
done  bu,t  to  fill  in  the  man's  name,  and  the  length  he  is  to  be  earned. 

Special  orders  should  be  given  that^  at  the  halt,  or  at  the  end  of  the  day's 
march,  the  heated  men  should  not  uncover  themselves*  They  should  take  off 
iheir  paok  and  belts,  but  keep  on  the  clothes,  and,  if  veiy  hot,  should  put  on 
their  greatcoats.  The  reason  of  this  (viz.,  the  great  danger  of  chill  after  exer- 
tion) should  be  explained  to  them.  In  an  hour  after  the  end  of  the  march 
the  men  should  change  their  underclothing,  and  hang  the  wet  things  up  to 
dry ;  when  dry  they  should  be  shaken  well,  and  put^by  for  the  following  day. 
Some  officers,  however,  prefer  that  their  men  should  at  once  change  their 
clothes  and  put  on  dry  thinga  This  is  ceortainly  more  comfortable.  .But«,  at 
imy  rate,  exposure  must  be  pceyoatedL 

\i  wiJil  be  found  that  old  soldiers  eat  very  little  white  on  the  march  j  the 
J^igest  meal  is  taken  at  the  end. 

At  the  end  of  the  march  inspect  the  footsore  inen.  Footsoreness  is 
generally  a  great  trouble,  and  frequently  arises  from  faulty  boots,  undue 
pressure,  chp^fQg^  riding  of  the  toes  from  narrow  sole^^  &c  Rubbing  the  feet 
with  taUow,  or  oil  or  iix  of  aii^  kind,^  before  marching,  i9  a  common  remedy. 
In  the  late  war  the  Germans  found  tannin  very  usef ul,^^they  used  an  ointment 
of  one  part  Cif  tannin  to  twen^  parts  of  zinc  ointment  A  good  plan  is  to  dip 
the  feet  in  very  hot  water,  before  starting,  for  a  minute  or  two  ;  wipe  them 
quite  dry,  thep  rub  them  with  soap  (soft  soap  is  the  best),  tUl  there  is  a 
lather  ;  tiien  put  on  the  stocking.  At  the  end  of  the  day,  if  the  feet  are  sore, 
they  should  be  wiped  with  a  wet  cloth,  and  rubbed  with  tallow  and  spirits 
mixed  in  the  palm  of  the  hand  (Galton).  Pedestrians  frequently  use  hot  salt 
and  water  at  nighty  and  add  a  little  alum.  Sometimes  the  soreness  is  owing 
simply  to  a  bad  stocking ;  this  is  easily  remedied.  Stockings  should  be 
frequently  washed ;  then  greased.  Some  of  the  German  troops  use  no  stock- 
ings, but  rags  folded  smooth  over  the  feet  This  is  a  very  good  plan.  Very 
often  soreness  is  owing  to  neglected  corns,  bunions,  or  in-growing  nails,  and 
the  surgeon  must  not  despise  the  little  suigery  necessary  to  remedy  these 
things  ;  nothing,  in  f act^  can  be  called  little  if  it  conduces  to  efficiency.  As 
shoes  are  often  to  blame  for  sore  feet,  it  becomes  a  question  whether  it  might 
not  be  well  to  accustom  the  soldier  to  do  without  shoes. 

Frequently  men  fall  out  on  the  march  to  empty  the  bowels ;  the  frequency 
with  which  men  thus  lagging  behind  the  column  were  cut  off  by  Arabs,  led 
the  French  in  Algeria  to  introduce  the  slit  in  the  Zouave  trousers,  which  re- 
quire no  unbuckling  at  the  waist,  and  take  no  time  for  adjustment 

*  An  old  prejudice  gives  the  preference  to  stag's  fat,  but  there  is  little  doubt  all  oils  are 
equally  elbctuaL 
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At  the  long  halt,  if  there  is  plenty  of  water,  the  shoes  and  stockings  should 
be  taken  off,  and  the  feet  well  washed ;  even  wiping  with  a  wet  towel  is  veiy 
refreshing.     The  feet  should  always  be  washed  at  the  end  of  the  march. 

Occasionally  men  are  much  annoyed  with  chafing  between  the  nates  or  inside 
of  the  thighs.  Sometimes  this  is  simply  owing  to  the  clothes,  but  sometimes 
to  the  actual  chafing  of  the  parts.  Powders  are  said  to  be  the  best — flour, 
oxide  of  zinc,  and  above  all,  it  is  said,  fuller's  earth. 

If  blisters  form  on  the  feet,  the  men  should  be  directed  not  to  open  them 
during  the  march,  but  at  the  end  of  the  time  to  draw  a  needle  and  ihieaA 
through  ;  the  fluid  gradually  oozes  out 

All  footsore  men  should  be  ordered  to  report  themselves  at  once. 

Sprains  are  best  treated  with  rags  dipped  in  cold  water,  or  cold  spirit  and 
water  with  nitre,  and  bound  tolerably  tight  round  the  part  East  is  often 
impossible.     Hot  fomentations,  when  procurable,  will  relieve  pain.* 

Marches,  especially  if  hurried,  sometimes  lead  men  to  neglect  their  bowels, 
and  some  trouble  occurs  in  this  way.  As  a  rule,  it  is  desirable  to  avoid 
purgative  medicines  on  the  line  of  march,  but  this  cannot  always  be  done  ; 
they  should,  however,  be  as  mild  as  possible. 

Eobert  Jackson  strongly  advised  the  use  of  vinegar  and  water  as  a  refresh- 
ing beverage,  having  probably  taken  this  idea  from  the  Eomans,  who  made 
vinegar  one  of  the  necessaries  of  the  soldier.  It  was  probably  used  by  them 
as  an  anti-scorbutic  ;  whether  it  is  very  refreshing  to  a  fatigued  man,  I  do  not 
know. 

There  is  only  one  occasion  when  spirits  should  be  issued  on  the  march  : 
this  is  on  forced  marches,  near  the  end  of  the  time,  when  the  exhaustion  ii 
great  A  little  spirit,  in  a  large  quantity  of  hot  water,  may  then  be  useful, 
but  it  should  only  be  used  on  great  emergency.  Warm  beer  or  tea  is  also 
good  ;  the  warmth  seems  an  important  point  Banald  Martin  teUs  us  that  in 
the  most  severe  work  in  Burmah,  in  the  hot  months  of  April  and  May,  and  in 
the  hot  hours  of  the  day,  warm  tea  was  the  most  refreshing  beveraga  This  I 
found  also  from  my  own  experience.  Several  friends  have  told  me  that  both 
in  India,  and  in  bush  travelling  in  Australia,  there  was  nothing  so  reviving 
as  warm  tea.  Chevers  mentions  that  the  juice  of  the  country  onion  is  useful 
in  lessening  thirst  during  marches  in  India,  and  that,  in  '^ases  of^  8un-«troke, 
the  natives  use  the  juice  of  the  unripe  mangoe  mixed  with  salt 

Music  on  the  march  is  very  invigorating  to  tired  men.  Singing  should 
also  be  encouraged  as  much  as  possible 

Marching  in  India, — Marches  take  place  in  the  cool  season  (November  to 
February),  and  not  in  the  hot  or  rainy  seasons,  except  on  emergency  ;  yet 
marches  have  been  made  in  hot  weather  without  harm,  when  care  is  taken. 
They  are  conducted  much  in  the  same  way  as  in  cold  countries,  except  that 
the  very  early  morning  is  usually  chosen.  The  men  are  roused  at  half-past 
two  or  three,  and  parade  half  an  hour  later  ;  the  tents  are  struck,  and  carried 
on  by  the  tent-betu^rs  ;  coffiBe  is  served  out,  and  the  men  march  off  by  half- 
past  three  or  four,  and  end  at  half-past  seven.  Everything  is  ready  at  the 
halting-ground,  tents  are  pitched,  and  breakfast  is  prepared. 

These  very  early  marches  are  strongly  advocated  by  many,  and  are  opposed 
almost  as  strongly  by  some.  In  the  West  Indies,  marching  in  the  sun  htt 
always  been  more  common  than  in  the  East  Much  must  depend  on  the 
locality,  and  the  prevalence  and  time  of  hot  land  winda  Both  in  India  and 
Algeria  marches  have  been  made  at  night ;   the  evidence  of  the  effects  of  this 


*  The  following  is  a  very  good  lotion  for  sprains :  sal  ammoniac,  20  grains,  Tinegar  nd 
spirit^  an  ounce  of  each. 
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*      ia  discordant     The  French  have  generally  found  it  did  not  answer ;  men  bear 

'       fatigue  less  well  at  night ;  and  it  is  stated  that  the  admissions  into  hospital 

'      have  always  increased  among  the  French  after  night  marching.     Annesley's 

'       authority  is  also  against  night  marching  in  India.     On  the  other  hand,  I 

-      have  been  informed  that  in  India  the  march  through  the  cool  moon-light 

^      night  has  been  found  both  pleasant  and  healthy. 

Afternoon  marches  (commencing  about  two  hours  before  sunset)  have  been 

^       tried  in  India,  and,  I  believe,  often  with  very  good  results. 

t  Marching  in  Canada.-^Jji  1814,  during  the  war  with  America ;  in  1837, 

during  the  rebellion;  and,  in  1861-62,  during  the  "Trent"  excitement, 

winter  marches  were  made  by  the  troops,  in  all  cases  without  loss.     The 

I      following  winter  clothing  was  issued  at  home : — A  sealskin  cap  with  ear 

J       lappets ;  a  wooUen  comforter ;   two  woollen  jerseys ;   two  pairs  woollen 

^       drawers ;  a  chamois  leathern  vest  with  arms ;  two  pairs  long  woollen  stockings 

r      to  draw  over  the  boots  ;  sealskin  mits,  and  a  pair  of  jackboots.     In  Canada  a 

pair  of  blankets  and  moecasins  were  added,*  and,  at  the  long  halts,  weak  hot 

rum  and  water  was  served  out     A  quarter  of  a  pound  of  meat  was  added  to 

the  ration.     A  hot  meal  was  given  before  starting,  another  at  mid-day,  and 

another  at  night.     The  troops  were  extremely  healthy.     During  exposure  to 

r      cold,  spirits  must  be  avoided ;   hot  cofifee,  tea,  ginger  tea,  or  hot  weak  wine 

and  water,  are  the  best ;  it  is  a  good  plan  to  rub  the  hands,  feet,  face,  and 

neck  with  oil ;  it  appears  to  lessen  the  radiation  of  heat  and  the  cooling  effect 

of  winds. 

\       ' — ~" — ' — ■ — 

*  Bfsie  lQ8pectoi-G«neral  Mull's  Bieport— Amoy  Medical  Beporl;,  Tol.  Iv.  p.  378. 


CHAPTER   in. 
THE  EFFECTS  OF  MIUTABT  SERVICE. 

Thb  influenoe  of  the  yarioiu  conditionfl  of  militazy  life  k  ehawn  bj  ibe 
lecoidB  of  flickneas  and  mortality,  and  thia  muat  be  noted  in  ibe  Tabooi 
«tation& 

The  recruit  haring  enteied  the  ranks,  begins  his  eervioe  at  home,  and  be  v 
Jcept  at  hiB  depdt  for  some  time.  He  does  not  go  to  India  until  he  has  oob- 
pleted  his  twentieth  year,  although  he  may  take  other  foreign  seryioe  eaiiieL 
We  should  suppose  his  life  would  be  a  healthy  one.  It  is  a  amncnlgr,  and, 
tcf  a  certain  extent,  an  opo^-air  life,  yet  vrithout  great  exposuze  or  exuMoiw 
labour ;  the  food  is  good  (though  there  might  be  same  impro^eBient),  the 
lodging  is  now  becoming  excellent,  and  the  prindplee  of  sanitation  of  dwell- 
ings are  carefully  practised  Although  the  mode  of  clothing  nu^^  be  im- 
proved as  regards  pressure,  still  the  material  is  very  good.  There  is  a  fraedoa 
from  the  pecuniary  anxiety  which  often  presses  so  hardly  on  the  civil  aitisazi, 
and  in  illness  the  soldier  receives  more  immediate  and  greater  care  than  ii 
usual  in  the  class  from  which  he  comes. 

There  are  some  counterbalancing  consideration&  In  a  batracic,  there  is 
great  compression  of  the  population,  and  beyond  a  doubt  the  soldier  bas 
greatly  suffered,  and  even  now  suffers,  from  the  foul  air  of  barrack  rooma 
But  this  is  a  danger  greatly  lessening,  owing  to  the  exertions  of  the  Banack 
Improvement  Commissioners,  and,  as  is  proved  by  the  experience  of  some  ooa- 
vict  jails^  can  be  altogether  avoided. 

Among  the  duties  of  the  soldier  is  some  amount  of  night-work ;  it  is  certain 
that  this  is  a  serious  strain,  and  the  Sanitary  Commissioners,  theref<»e, 
inserted  in  the  Medical  Begulations  an  order  that  the  number  of  nights  in  bed 
should  be  carefully  reported  by  medical  officera  Commanding  officers  shonld 
be  informed  how  seriously  the  guard  and  sentry  duties,  conducted  as  they  an 
in  full  dress,  tell  on  the  men  if  they  are  too  frequent ;  one  guard-day  in  fire 
is  quite  often  enough,  and  four  nights  in  bed  should  be  secured  to  the  men. 
Exposure  during  guard  and  transition  of  temperature  on  passing  from  the  hot 
air  of  the  guai^-room  to  the  outside  air  are  also  causes  of  diseasa  Hie 
weights  and  accoutrements  are  heavy,  but  the  valise  equipment  introduced  bj 
Genorad  Eyre's  Committee  has  removed  the  evil  of  the  old  knapsack. 

The  habits  of  the  soldier  are  unfavourable  to  health  ;  in  the  infantzr, 
especially,  he  has  much  spare  time  on  his  hands,  and  enntd  presses  on  him. 
Ennui  is,  in  fact,  the  great  bane  of  armies ;  though  it  is  less  in  our  own  thas 
in  many  others.  It  is  said  to  weigh  heavily  on  the  German,  the  RussiaLn,  and 
even  on  the  French  army.  Hence,  indeed,  part  of  the  restlessness,  and  one 
of  the  dangers  of  laige  standing  armies.  The  Bomans  appear  to  have  avoided 
this  danger  by  ms^ng  their  distant  legions  stationary,  and  permittiiig 
marriage  and  settlement — ^in  fact,  by  convertixig  them  into  military  coloniea 
We  avoid  it  in  part  by  our  frequent  changes  of  place,  and  our  colonial  and 
Indian  service  ;  but  not  the  less,  both  at  home  and  abroad,  do  idlenees  and 
enntd^  the  parents  of  all  evils^  lead  the  soldier  into  habits  which  sap  his  health. 
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Not  merely  exoesKTB  smokiiig,  dtinkmg,  atid  debancbeiy,  but  in  the  tyopice 
meie  lazinees  and  inertia,  have  to  be  combated.  Much  is  now  being  done  by 
establishing  leading-ioonu,  trades,  industrial  exhibitions,  &e.,  and  by  the  en- 
couragement of  athletic  sports  to  occupy  spare  time,  and  already  good  results 
hare  been  produced. 

The  establishment  of  trades,  especially,  which  will  not  only  interest  the 
soldier,  but  benefit  him  pecuniarily,  is  a  matter  of  great  importance^  It  has 
long  been  asked  why  an  army  should  not  do  all  its  own  work ;  give  the  men 
bhe  hope  and  opportunity  of  benefiting  themselves,  and  ^imut  would  no  longer 
ndst  In  India^  Lord  Strathnaim  did  most  essential  service  by  the  establish- 
ment of  trades  ;  and  the  system,  after  long  discussion  and  many  reports,  is 
aow  being  tried  in  England. 

One  of  the  proofs  of  ability  for  command  and  administration  is  the  power 
>f  occupying  men,  not  in  rou^e,  but  in  interesting  and  pleasant  work,  to 
mch  an  extent  that  rest  and  idleness  may  be  welcomed  as  a  change,  not 
felt  as  a  burden.  Constant  mental  and  much  bodily  movement  is  a  necessity 
for  all  men  ;  it  is  for  the  officers  to  give  to  their  men  an  impulse  in  the 
ffoper  direction. 

Among  the  conditions  of  the  soldier's  life  adverse  to  health,  enforced  celibacy 
nnst  be  reckoned.  This  produces  not  merely  promiscuous  intercourse,  that 
ierrible  evil,  but  other  effects.  We  do  not  require  the  statistical  proof  that 
x)th  in  the  army  and  civil  life  married  men  have  less  illness  and  longer  lives 
han  single  men  ;  we  might  be  certain,  a  priori,  that  the  great  function  of 
}rocreation  cannot  be  thus  endangered  by  the  conditions  we  impose  on  our 
loldiers  without  injury.  The  continental  system  of  conscription  for  limited 
>eriods  has  prevented  this  matter  from  assuming  the  importance  it  does  in 
jxaies  enlisted  for  long  or  permanent  service.  Fbr  our  own  aniiy  the  question 
3  pressing  enough,  nor  is  it  easy  to  offer  a  solution,  unless  the  system  of  short 
ervice  is  found  to  have  a  good  effect. 

The  last  point  which,  probably,  makes  the  soldier's  life  less  healthy  than  it 
rduld  otherwise  be,  is  the  depressing  moral  effect  of  severe  and  harassing  dis< 
ipline.  In  our  own  army  in  f6nner  years,  it  is  impossible  to  doubt  that  dis« 
ipline  was  not  merely  unnecessarily  severe,  but  was  absolutely  savage.  An 
nlightened  public  opinion  has  gradually  altered  this,  and  with  good  com- 
landing  officers,  the  discipline  of  some  regiments  is  probably  nearly  perfect ; 
hat  is  to  say,  regular,  systematic,  and  unfailing  ;  but  from  its  very  justice 
nd  r^^ularity,  and  from  its  judiciousness,  not  felt  as  irksome  and  oppressive 
y  the  men. 

The  general  result  of  the  life  at  home  on  soldiers  must  now  be  considered. 

It  is  by  no  means  easy  to  say  whether  soldiers  enjoy  as  vigorous  health  as 
iie  classes  from  which  they  are  drawn ;  the  comparison  of  the  number  of  sick, 
r  of  days'  work  lost  by  illness  by  artisans,  cannot  be  made,  as  soldiers  often 
3  into  hospital  for  slight  ailments  which  will  not  cause  an  artisan  to  give  up 
ork.  The  comparative  amount  of  niortality  seems  the  only  available  test, 
lough  it  cannot  be  considered  a  very  good  one. 

following  the  order  laid  down  in  the  chapter  on  Statistios,  we  have  to 
>iisider — 

SECTION  L 

THE  LOSS  OP  STRENOTH  BY  DEATH  AND  INVALIDING. 

PER  1000  PER  ANNUM. 

A.  Br  DsATH. 
It  is  to  be  understood  that  the  mortality  is  here  reckoned  on  the  stongth, 
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that  is,  on  the  total  number  of  healthy  and  sick  peisons  actually  serring 
during  the  time.     The  mortality  on  the  sick  alone  is  another  matter. 

From  the  Parliamentary  Statistical  Eetums  of  the  Army  (1840  and  1853, 
which  include  the  years  1826-1846),  we  find  that  the  mortality  among  the 
cavalry  of  the  line  was  at  that  time  about  ^d  more  than  among  the  civil  male 
population  at  the  same  age  (nearly  as  15  to  10*  per  1000)  ;  among  the  Foot 
Guards  it  was  more  than  double  (very  nearly  20^  per  1000  as  against  10) ; 
among  the  infantry  of  the  line  it  was  f  ths  more  (or  18  per  1000  as  against  10). 

The  State  was  thus  losing  a  laige  l^dy  of  men  annually  in  excess  of  what 
would  have  been  the  case  had  there  been  no  army,  and  was  therefore  not  only 
sufienng  a  loss,  but  incurring  a  heavy  responsibility. 

In  the  splendid  men  of  the  Household  Brigade,  diseases  of  the  lungi 
(including  phthisis)  accounted  for  no  less  than  67*7  per  cent  of  the  deatl^ 
in  the  cavalry  of  the  line  for  nearly  50  per  cent,  and  in  the  infantry  of  the 
line  for  57  per  cent. ;  while  among  the  civil  population  of  the  soldier^s  age, 
the  proportion  in  all  England  and  Wales  was  only  44 '5  per  cent  of  the  total 
deaths.  The  next  chief  causes  of  deaths  were  fevers,  which  accounted  in  the 
different  arms  of  the  service  for  from  7  to  14  per  cent  of  the  total  deatlu. 
The  remainder  of  the  causes  of  deaths  were  made  up  of  smaller  items. 

These  remarkable  results  were  not  peculiar  to  the  English  Army.  Most 
armies  did,  some  still  do,  lose  more  than  the  male  civil  popolation  at  the 
same  age.     The  following  are  the  most  reliable  statisics : — f 

ArvajLon 
Per  1000. 


France  (1823),      .... 
France  (Paixh&ns,  1846),      .        .19*9 
France,  mean  of  7  yeai-g  (1862-68),    10  0 

France  (1869) 9*65 

France  (1872),      .         .        .        .9*49 
French  in  Algeria  (1846),      .        .     64 

„  „       (1862-66),         .     14-98 

Prussian  t  (1846-1863,   exclading  |   ^.^g 

officers), ) 

Prussian  (1869),   ....       610 
Prussian^army  (including  the  Saxon  \    ^  ^^ 


Prussian  8  (1867), 
Russian II  (series  of  years), 

„        (1867-1866), 
Austrian, 

..        (1869),  .        . 
Piedmontese  (1859),      . 
Italian  (1870),      . 
United  States  (before  the  war), 
Portuffuese  (1851-53),  . 
Danisn, 


Anarl/m 

ICML 

Sd 

187 
28 

11-58 
16 

8-10 
18-8 
16-5 

9-9 


and  Wiirtemberg  corps  (1876),  .  ( 

The  old  Hanoverian  army  was  very  healthy,  losing  only  5*3  per  1000  » 
against  9*5  among  the  civil  population  of  the  same  ages. 

In  these  foreign  armies  the  same  rule  holds  good ;  fevers  (chiefly  typhoid 
in  all  probability)  and  phthisis  were  the  great  causes  of  mortality.  In  Prosgift 
phthisis  formerly  caused  27  per  cent,  of  the  total  mortality,  but  in  that  army 
phthisical  men  are  sent  home,  and  after  a  certain  time  are  struck  off  the  rolls, 
so  that  the  army  deaths  are  thus  fewer  than  they  would  be  if  the  men  died  at 
their  regiments.  In  Austria  phthisis  caused  25  deaths  out  of  every  100 ;  in 
France,  22*9  ;1I  while  in  1859,  the  proportion  among  the  civil  population  was 
17-76  ;  in  Hanover,  39*4 ;  and  in  Belgium,  30 ;  though  in  the  latter  country 
the  proportion  among  the  civil  population  was  only  18*97   deaths  from 

*  In  reality  the  deaths  from  the  civil  male  population  of  the  soldiers'  am  (20  to  40)  ««n 
below  10,  and  in  the  healthy  districts  mach  below ;  the  case  against  the  soldier  is,  therefoce, 
eren  worse  than  it  reads  in  the  text. 

t  Meyne  (Elements  de  Stat.  M6d.  Militaire,  1859)  gives  some  of  these  figures  ;  othen  aic 
taken  from  the  reports  of  the  different  armies. 

X  Dr  Engel,  in  zt.  des  Konigl.  Preussich.  Stat.  Bureaus,  Aag.  Sept.  1865,  p.  214. 

§  Stot.  Sanitsits-bericht  tiberdie  Eon.  Pr.  Armee.  for  1867,  Berlin,  1870.    Withoat  deaths  ef 
invalids  the  mortality  was  only  6*196.    The  men  were  all  under  thirty  years  of  age,  whicJi  mast 
be  taken  into  account. 
,    II  The  Russian  mortality  has  lately  been  greatly  reduced. 

%  Th\B  was  in  1860 ;  I  have  calculated  this  fix>m  Lav6nm*8  returns  from  eleven  of  the  gntX 
garrisons. 
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phthisiB  per  100  of  all  deaths.  In  Portugal  the  mortality  from  phthisis  con- 
stitates  22  per  cent,  of  the  deaths,*  while  in  the  civil  population  the  deaths 
are  12  per  cent  of  the  total  deaths.  In  the  Prussian  army  in  1876  only  16 
per  cent  were  from  phthisis.  In  these  armies,  also,  fevers  caused  a  greater 
numher  of  the  deaths  than  in  the  English  army,  even  in  the  period  referred 
to.  In  Prussia,  36  (reduced  in  1 876  to  20) ;  in  Prance,  26 ; f  in  Belgium,  16  6; 
and  in  Hanover,  23*68  per  cent,  of  all  deaths  were  from  fever  (typhoid  ?). 
In  Portugal  only  3*9  deaths  are  from  typhoid  out  of  every  100  deaths;  this 
is  owiog  to  its  rarity  in  the  country  districts ;  it  is  common  in  Lisbon. 

NotMng  can  prove  more  clearly  that  in  all  these  armies  the  same  causes 
were  in  action.  And  from  what  hto  been  said  in  previous  chapters,  it  may 
be  concluded  that  the  reason  of  the  predominance  of  these  two  classes,  lung 
diseases  and  typhoid  fever,  must  be  sought  in  the  impure  barrack  air,  and  in 
the  defective  removal  of  excreta. 

The  Crimean  war  commenced  in  1854,  and  ended  in  1856.  A  large  part 
of  the  army  was  destroyed,  and  a  fresh  force  of  younger  men  took  its  place. 
Soon  afterwards,  the  great  sanitary  reforms  of  Lord  Herbert  commenced.  In 
1859  yearly  statistical  returns  began  to  be  published. 

The  mortality  of  aU  arms  has  undergone  an  extraordinary  decrease  from  that 
of  the  former  period. 

Mortality  per  1000  per  Annum. 

From  All  Caum  IJT^SH^^x  ^^"^  ^t^. 

excladinff  violent  deathn). 

Mean  of  ten  years,  1861-70,  .  945  8534 

1871,          .         .  .  8-62  7-800 

1875,  .         .  .  9-36  8-440 

1876,  .         .  .  8-43 

The  diminution  over  the  years  previously  noted  (1826-46)  is  extraordinary. 
Three  causes  only  can  be  assigned  for  it — the  youth  of  the  army,  and  a  better 
selection  of  men  ;  or  a  partial  removal  of  the  causes  of  diseases  ;  or  earlier 
invaliding,  and  the  action  of  the  Limited  Enlistment  Act^  so  as  to  throw  the 
fatal  cases  on  the  civil  population. 

The  question  of  age  has  been  examined  and  disposed  of  by  Dr  Balfour,  J 
pvho  has  shown  that  the  youth  of  the  army  does  not  account  for  the  lessening. 
Selection  has  always  been  made  with  equal  care,  and  invaliding,  though  it 
jertainly  has  been  greater  of  late  years,  does  not  appear  to  have  been  in  excess 
(uf&cient  to  account  for  the  lessening.  There  can  be  no  doubt,  then,  that  the 
^at  result  of  halving  the  yearly  loss  of  the  army  by  disease  has  been  the 
jeork  of  Lord  Herbert  and  the  Royal  Sanitary  Commission. 

It  will  be  observed  that  the  diminution  in  the  mortality  in  the  French  army 
las  also  singularly  lessened  from  1846  to  1862  and  1863,  and  this  is,  no 
loubt,  owing  to  the  great  sanitary  precautions  now  taken  in  that  army. 

It  is  curious  to  observe  that  in  the  French  and  English  armies  the  mortality 
B  now  almost  the  same,  viz.,  about  9 '5  per  1000  present  with  the  colours  ;  it 
9  slightly  the  lower  in  the  English.  The  Prussian  was  about  the  same,  but 
3  now  much  less,  owing  probably  to  the  greater  youth  of  the  army. 

Of  the  different  arms  of  the  service,  the  cavalry  and  artillery  are  rather 
lealthier  than  the  infantry ;   the  engineers  than  either ;   the  officers  always 

*  Marques,  reviewed  in  an  excellent  article  in  the  British  and  Foreign  Medioo-Chir.  Review 
>T  April  1863. 

•t*  Laveran,  in  1860,  made  the  number  25*9  in  the  deaths  from  eleven  garrisons.  In  1868, 
tie  mortality  from  typhoid  in  the  French  army  was  1*87  deaths  per  fOOO  of  effectives  in 
ranee,  1*63  in  Algeria,  and  8*55  in  Italy.  In  1866  the  mortality  was  1*45  in  France.  1*89 
1  Algeria,  and  2*26  in  Italy. 

X  Keport  for  1859,  p.  6. 
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show  less  mortality  than  the  noti-commissioned  offioeis  and  privates,  and  the 
non-eonunissioned  offioei6  lead  than  the  pnyate&  In  different  legiments  theie 
is  often  a  singular  difference  in  the  mortality  in  a  given  year,  hnt  ^is  is  nsnallj 
easily  aceonnted  for,  and  in  a  term  of  years  the  differences  disappear. 

Comparuon  ifiUh  OivU  PopuhHon, 

This  gross  mortality  must  now  be  compared  with  that  of  the  civil  popuk- 
ion.     Li  England  the  gross  male  civil  mortality  at  the  soldier's  age  is — * 

liOTtalityperlONar 

JPopulatioik 

From  20  to  25  years  of  age, 8*83 

25  to  35  „ 9-57 

35  to  45  „ 12-48 

The  soldier's  mortality,  taken  as  a  whole,  is  therefore  not  above  that  of  the 
civil  population,  but  then  there  is  invaliding,  and  some  uncertain  addition 
should  be  made  to  the  mortality  on  this  account 

Comparing  the  soldier's  mortality  (invaliding  being  disvegaided)  wi^  tradee, 
he  is  rather  more  unhealthy  than  carpenters  (7*77),  labourers  (7*92),  bakeis 
(7*94),  blacksmiths  (8*36),  grocers  (8*4),  farmers  (8*56),  weavers  and  cotton- 
spinners  (9*1),  and  shoemakers  (9'33).t  But  he  is  healthier  than  butchefs 
(9-62),  miners  (9*96),  tailors  (11 -62),  and  publicans  (13-02). 

Infiuence  of  Age  on  the  MortalUy. 

The  following  table  from  Dr  Balfour  gives  the  results^  excluding  the 
depdts : — 

Per  1000  of  Strength. 

Hndm-M         SO'aiid  35  ud  80  and  85  and  lOaBd 

unaerav.     ^aoAmU,      wider  M.       uderSft.         under  40L 


1865-74  (10  years),    3-03  5-27  6-35  12-24  17-55  23-82 

1875,     .         .         .     3-58  4-40  8-68  10-82  17*24  22*20 
Civil  male  popula-) 

tion  in  inland  > 7*41  8-2  921  10*23  11*63  13-55 

and  Wales,  j 

Healthy  districts,         5*83  7  3  7-93  8-36  9*00  9*86 

The  number  of  soldiers  under  20  years  of  age  is  so  small  that  no  conclusions 
can  be  drawn ;  but  it  would  appear  that  from  20  to  30  the  mortality  is  favour- 
able to  the  soldier,  but  after  that  the  proportion  is  reversed,  and  the  soldier 
dies  more  rapidly  than  the  civilian.  And  if  to  this  we  call  to  mind  the  in- 
vaUding  from  the  army^  it  seems  clear  that  a  prolonged  militaiy  career  is 
decidedly  ii^urious^  either  from  causes  proper  to  the  career,  or  to  personal  habits 
engendered  in  it 

Causes  of  Mortality. 

In  order  to  see  the  principal  causes  of  the  eight  or  nine  deaths  which  occnr 
annually  among  1000  men,  I  have  calculated  the  following  table  £rom  Dr 
Balfour^s  most  useful  Eeports  : — 


*  In  France,  in  18S6,  th«  mortality  was— 

Per  1000  of  Popalstlon. 

Tears.                                             With  Hllltaiy  Deathi.  MIlitoTT  Deaths  *^r^«ii^ 

20  to  25, 10.12  101          ■«»«* 

26  to  80 9-5  9-47 

80toS6, 9*7  9*68 

Vallin  in  Ann.  d'Byg.  Jan.  1869,  p.  74.    The  year  was,  however,  a  choleraic  year, 
t  Dr  Farr'a  nnmbeis,  in  the  Supplement  to  the  25th  Report  of  the  Regittmr-Geneml,  y,  xtL 
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Gauges  of  Mortality* 


MortaUtyper 

annum  per  1000  of 

Strenstb  0867-71, 

fi  years). 

Deaths  in  100 

Deaths  In  100 

Deaths  In  100 

Deaths  (1867-71, 
6  years). 

Deaths  (186&-66, 
8  years). 

Deaths  0873-7^ 
4  years). 

FhthiBis  and  taber- 
cular  hemoptyslB, . 

2*648 

80-26 

33-81 

28-0 

Diaeases  of  heart  and 
▼easelfl, 

1*462 

1 

16-71 

9-01 

16-7 

Pneumonia,     . 

•777 

8-88 

6-54 

+ 

Violent  deaths, 

•598 

6-84 

6-82 

6-3 

Diseaaes  of  nervcNis 
system, 

1         -576 

6-58 

6-60 

6-7 

Continued     fevers, 
chiefly  enteric. 

1        -405 

4-63 

5-68 

4-4 

Suicides, 

•288 

8-30 

3-08 

2-5 

Bronchitis, 

'167 

1-91 

5-47 

+ 

Delirium  tremens,  . 

•069 

•80 

•90 

t 

All  other  causes, 

1-766 

20-07 

22-55 

21-3 

This  table  must  now  be  analysed  moie  particularly. 

1.  Tubercular  Diseases, 

The  deaths  from  phthisis  and  hsemoptysis  in  the  eight  years  ending  1866 
veraged  3'1  annually  per  1000  of  strength,  the  highest  annual  ratio  being 
•86,  and  the  lowest  1*95.  In  1867-71  the  mean  mortality  was  2  648  per 
000,  in  1872-75,  2*34.  In  addition  to  this  there  was  invaliding  for 
hthisis,  and  thus  a  certain  number  of  deaths  were  transferred  from  the  army 
>  the  civil  population.  The  following  table  shows  the  exact  number  in  four 
ranches  of  the  service  (two  cavalry  and  two  infantry)  in  seven  years. 

'able  to  show  the  Deaths  arid  Invaliding  per  annum  from  Phthisis  and 
ffcemoptysis  in  Household  Cavalry,  Cavalry  of  the  Line,  the  Foot  Ghiards 
and  Infantry  of  the  Line  {mean  of  seven  years,  (1864-70). 


Phthisis  and  hemoptysis, 
taken  from  Ahstroct  in 
Appendix  to  Dr  Bolf  oar's 
Report. 

Household 
Cavalry. 

CaTolryof 
line. 

Foot 
Guards. 

InAntry  of 
Line. 

Died  per  1000, 
Invahded  per  1000, 
Total  died  and  in- 1 
▼alided  per  1000,  { 

3-7(53 
8-234 

11-997 

1-416 
4-025 

5-441 

2-300 
9-491 

11-791 

2-120 
5-510 

7-630 

This  table  shows  a  considerable  difference  between  the  branches  of  the 
irvice  ;  the  mortality  and  invaliding  of  the  household  troops  are  much  the 
ghest  The  mortality  from  tuberculosis  of  the  infantry  of  the  line  is  below 
le  mean  mortality  of  the  army  at  laige  ;  the  mortality  of  the  cavalry  of  the 
le  below  that  of  the  infantiy. 

It  is  quite  clear  (and  the  same  thing  is  seen  in  the  earliest  records)  that 
lere  is  an  excessive  rate  of  mortality  and  invaliding  from  phthisis  in  the 
giments  serving  in  London,  which  points  to  some  influences  acting  very 
juriously  upon  thent     During  the  later  years,  however,  the  mortality  and 

^  This  table  has  been  calculated  f^m  the  numbers  in  Appendix  I.  of  Dr  Balfour's  Report 
the  Anny  Med.  Department  Blue  Books  (185d-71),  and  from  the  subsequent  voluiuea 
172-76.) 

f  The  abridged  form  in  which  the  statistics  have  been  published  since  1874  prevents  these 
mbers  being  given  in  detaiL  The  number  of  deaths  fnun  respiratory  diseases  would  b« 
>at  14  in  100. 

2g 
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invaliding  in  the  foot  guards  has  decreased.  In  the  font  years  ending  ^rit^ 
1870,  the  mortality  was  only  2*08,  and  the  invaliding  8-213  per  1000;  thsi: 
the  improvement  has  continued  may  be  seen  by  the  following  table: — 

Table  similar  to  one  on  page  609,  for  5  years,  1871-75. 


Phthisla,  Ac 

Household 
Cavalry. 

Cavaliy  of 
Une. 

Foot 
Gaardi. 

Infantry  of 
.  Line. 

Depou. 

t 

Died  per  1000, 
Invalided  per  1000, 
Total  died  and  in-  | 
valided  per  1000,  \ 

3-644 
3*662 

7*806 

1*736 
4*348 

6-084 

2-086 
6-818 

8-904 

2-096 
4-732 

6-828 

3-990 
8-237 

12-237 

From  this  table  it  may  be  seen  that  an  improvement  is  decidedly  taking 
place,  except  in  the  cavalry  of  the  line  and  the  depots,  there  being  a  slight 
increase  in  the  former  and  a  very  high  and  increasing  rate  in  the  latter. 

How  does  this  mortality  compare  with  that  of  the  male  civil  population  at 
the  soldiers'  ages  ? 

Mortality  from  Phthisis, 

Male  CirUlans.*  Ace. 

All  England  and  Wales,         .         .         20  to  25  3-5 

4-0 
4-1 
41 
3-7 
4-02 
4-5 
5-0 
1-96 


.                    • 

25  „ 

30 

30  „ 

35 

.         35  „ 

40 

15  „ 

65 

25  „ 

45 

15,. 

55 

London, 

Worst  districts  in  England,  excluding  hospitals, 

Best  districts  in  England,       .... 


The  deaths  in  the  army  from  phthisis  and  hsemoptysLS  do  not  exceed  Ik 
deaths  in  the  population  generally.  They  are,  however,  much  greater  than  b 
the  best  districts  in  England,  though  fewer  than  in  the  worst  But  in  tb 
army  there  is  invaliding  also  ;  that  is,  men  with  a  fatal  disease  are  dischai;geii 
into  the  civil  population.  Taking  this  into  consideration,  as  expressed  in  tbe 
table  just  given,  it  seems  certain  that  phthisical  disease  is  in  excess  in  tb 
army  as  compared  with  the  male  civil  population. 

Did  the  army  suffer  more  from  phthisis  in  former  years  than  it  does  nov ! 
The  following  table  will  answer  this  question  : — 


Deaths  from  Phthisis  per  1000  of  Strength, 

Yearn  1830-36 
«7  years. 

Household  Cavalry,  .  .  .         .  7*4 

Cavalry  of  the  Line,  .  .  .  5*29 

Foot  Guards,       .  .  .  ...  10*8 

Infantry,             .  .  .  .  ••• 


Yean  18S7--4C 
=  10 

6-28 
5-65 
11-9 
7-75 


Mean, 


7-83 


7-89 


During  these  two  periods,  which  make  a  total  of  seventeen  years,  tis 
mortality  was  7*86  per  1000,  and  there  was  no  decline  in  the  later  as  com- 
pared with  the  earlier  period. 


*  ParliamentATT  Botom  of  Annaal  Average  Mortality  during  the  Decennial  Period,  1S51-^ 
Feb.  1864 ;  and  Dr  Fair's  Report  to  the  Sanitary  Commission,  p.  507. 
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But  as  in  the  eight  years  ending  with  1866  the  mortality  was  only  3*1  per 
1000,  there  mast  have  been  an  enormous  excess  of  mortality  in  the  earlier 
period,  unless  it  can  be  explained  in  some  way.* 

(a)  In  the  earHer  periods  the  mortaUty  from  chronic  bronchitb  was  included 
in  the  phthisical  i^ortality.  If  a  correction  is  made  for  this,  the  mortality  of 
the  period  1859-1866  rises  only  to  3*3 ;  so  that  will  not  explain  the  difference. 

(b)  Was  the  invahding  more  active  in  the  last  period,  so  as  to  lessen  the 
deaths  occurring  in  the  army  below  what  would  have  taken  place  without 
invaliding  ?  I  have  not  been  able  to  learn  the  amount  of  invaliding  in  the 
earlier  period,  but  I  have  been  told  there  is  no  reason  to  think  it  was  less  than 
subsequently,  but,  on  the  contrary,  it  was  very  large  from  the  foot  guards. 
That  invaliding  cannot  account  for  the  difference  is  seen  by  the  fact  that  the 
annual  deaths  per  1000  in  the  seventeen  years  ending  1846  (viz.,  7*86)  were 
more  numerous  (in  the  cavalry  and  infantry  of  the  line)  than  deaths  and  in- 
validing together  in  the  period  of  five  years  ending  1871. 

(c)  The  Limited  Enlistment  Act,  by  which  a  certain  number  of  weakly  men 
J^jfosaMj  have  left  the  armj,  hL  been  in  action  in  the  last  peri4  I 
cannot  estiniate  the  amount  of  this  action,  but  it  is  in  the  highest  degree  im- 
probable that  it  has  much  direct  effect ;  for  if  a  man  of  nearly  ten  years' 
service  were  ill  with  phthisis,  he  would  be  sure  to  get  invalided,  in  order  to 
enjoy  his  temporary  pension  for  two  or  three  years,  and  would  not  simply 
take  his  discharge. 

(d)  The  lessened  age  of  the  army  at  large,  if  the  Limited  Enlistment  Act 
has  produced  that  effect^  might  perhaps  have  had  some  effect,  as  mortality 
from  phthisis  increases  with  age  in  the  French  army,  and  probably  in  our  own ; 
but  this  would  never  account  for  the  astonishing  difference ;  for  in  the  French 
army  the  increase  from  phthisis  of  the  men  over  fourteen  years'  service,  as 
compared  with  those  under,  is  only  one  per  1000  of  strength. 

I  conclude,  then,  that  there  was  a  greater  excess  of  the  disorganising  lung 
diseases  classed  as  phthisis  in  the  earlier  period  (1830-46).  The  amount  of 
phthisis  strongly  attracted  the  attention  of  Sir  Alexander  TuUoch  and  Dr 
Balfour  in  1839.  They  state  that  in  the  Equitable  Assurance  Company  at 
that  time  the  annual  mortality  (at  the  ages  20  to  40)  from  disease  of  the  lungs 
was  3 '4  per  1000  ;  while  in  the  years  1830-36  the  mortality  from  disease  of 
the  lungs  among  the  foot  guards  was  no  less  than  14'1  per  1000,  of  which 
phthisis  alone  caused  10 '8.1 

How  does  our  army  contrast  with  others  ? 

In  France  the  deaths  from  phthisis  and  chronic  bronchitis  together  amount 
to  2*76  per  1000  of  "  present,"  but  some  die  "  en  conge  ;"  and  it  is  probable 
that  there  is  at  present  as  much  phthisis  in  the  French  as  in  our  own  army. 
In  the  Prussian  army  the  men  are  also  discharged  early,  so  that  comparison 
is  difficult. 

In  the  Prussian  army  the  mean  yearly  mortality  from  laryngeal  and  lung 
phthisis  was  1-28  per  1000  of  strength  (years  1846-63)  ;  in  1000  deaths 
there  were  13 '5  7.     I  do  not  know  the  amount  of  invaUding. 

We  may  conclude,  then,  with  regard  to  phthisis — 

1.  That  it  was  formerly  in  enormous  excess  in  the  army  over  the  civil 
population,  and  particularly  in  the  foot  guards;  in  other  words,  a  large 
amount  of  consumption  was  generated. 

*  In  tbe  9  years  endiutf  with  1875  it  was  only  2'51  per  1000. 

+  In  commenting  on  tuis  fact  the  reporters  say  (Army  Medical  Report  of  1S39,  p.  13)- 
"  If  the  aggregation  of  a  number  of  men  into  one  apartment,  even  though  the  space  is  not  very 
confined,  creates  a  tendency  to  this  disease,  then  it  clearly  points  out  the  propnety  of  affording 
the  soldier  as  ample  barrack  accommodation  as  possible."    Thus,  even  at  that  time,  it  was  seen 
that  no  other  cause  but  overcrowding  could  account  for  the  great  amount  of  lung  disease. 
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2.  That  there  has  been  a  gieat  decline  of  late  years,  though  there  is  stOl 
in  all  probability  some  excess,  especially  in  the  household  troops. 

What  are  the  causes  of  this  phthisical  excess  in  the  yeave  1830-46.  It  ti 
noticeable  that  in  the  earlier  periods  all  affections  of  the  lungs  were  also  in 
excess,  and  we  can  readily  see  that  a  number  of  antecedents  may  combine  in 
producing  the  result,  and  that  destructive  lung  diseases  may  proceed  from 
many  causes.  Still  there  must  have  been  some  predominating  influence  at 
work. 

The  phthisis  was  not  owing  to  climate,  for  that  is  unchanged  Moreoro^ 
we  shall  hereafter  see  that  the  same  ezcess  was  seen  in  the  Meditemnesn 
stations  and  the  West  Indies. 

It  was  not  owing  to  syphilis,  for  untQ  late  years,  the  amount  of  syphilii 
has  rather  increased  than  diminished,  while  phthisis  has  lessened. 

It  was  not  owing  to  bad  food,  for  the  food  was  the  same  in  all  the  branchei, 
and  yet  the  amount  of  phthisiB  was  widely  different  Besides,  the  food  has 
been  comparatively  little  altered. 

It  can  hardly  have  been  the  duties  or  clothing,  for  there  has  been 
no  sufficient  change  in  either  to  account  for  the  alteration,  unless  the  abolition 
of  one  of  the  cross-belts  some  years  ago  had  some  ^ect.  But  then  this  would 
have  only  affected  the  infantry. 

It  must  have  been  some  conditions  acting  more  on  the  foot  guards  than 
in  the  household  cavalry,  and  less  in  the  line  regiments ;  also  it  mnst  ha^e 
been  acting  in  the  troops  stationed  in  the  Mediterranean  and  the  West  Indies. 
There  is  only  one  condition  common  to  all  which  seems  capable  of  explaining 
it,  and  that  the  cause  noticed  in  the  Eeport  of  1839,  viz.,  overcrowding.  Tbis 
condition  was,  and  is  still  most  marked  in  the  barracks  of  the  foot  guards, 
and  least  in  the  barracks  of  the  cavalry  of  the  line.  It  is  the  only  condition 
which  has  undergone  a  very  decided  change  both  at  home  and  abroad.  This 
consideration,  as  well  as  those  formerly  noticed  in  the  section  on  Air,  seems 
to  me  to  make  it  almost  certain  that  the  breathing  the  foul  barrack  atmosphere 
was  the  principal,  perhaps  the  only,  cause  of  this  great  mortality  from  long 
diseases.  If  this  be  so,  it  shows  that  the  foot  g^uards  are  still  the  wom 
housed  of  any  troops. 

2.  Diseases  of  the  Heart  and  Vessels, 

The  fact  that  diseases  of  the  circulatory  system  rank  second  as  causes  of 
death  in  the  army  at  home  may  well  surprise  us.  It  is  marked  in  all  aims, 
as  much  in  the  artillery  and  cavalry  as  in  the  infantry.  The  ratio  per  lOOO 
of  strength  for  the  five  years  (1867-71)  for  all  diseases  of  the  organs  d 
circulation  was  1*462,  and  in  those  years  out  of  every  100  deaths  no  less  thaa 
1 6*7  were  from  disease  of  the  heart  and  vessels.  In  addition,  there  was  a  large 
amount  of  invaliding  from  this  cause. 

If  the  fatal  diseases  of  the  circulatory  system  of  the  five  years  (1867-71)* 
are  divided  into  two  classes,  those  referred  to  some  disease  of  the  heart  itadf 
(chiefly  chronic),  and  those  referred  to  aneurism  (including  an  occasional  ran 
return  headed  "  Degeneratio  Aortse"),  it  is  found  that  the  deaths  arc  : — 

Per  1000  of  Strength.  In  100  Detttluu 

From  cardiac  disease,  ,         .         '727  8*31 

From  aneunsm,  ...         '735  8 '4 


Total,     .         .         .         1-462  1671 

These  numbers  are  higher  than  those  of  the  nine  years  (1859-67),  wha 

*  In  the  recent  returns  the  differential  diagnosis  is  not  given.    In  1875  the  deaths  per  lOOCL 
from  diseases  of  the  circulatory  system,  were  1'87|  and  the  percentage  of  total  ^^^nthn  17'21 
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fche  mortality  from  ciiculatoiy  diseases  was  only  *908  per  1000  of  strength,  and 
the  percentage  on  the  total  deaths  was  9. 

This  mortality  is  in  excess  of  that  of  the  civil  male  population  of  the  same 
ige,  especially  aa  regards  aneurism.  Dr  Lawson  has  calculated  that  aneurism 
is  eleven  times  more  frequent  among  soldiers  than  civilians ;  and  he  has  also 
salculated  that  among  civilians,  aged  15  to  44,  the  ratio  of  mortality  from 
sardiac  affections  alone  is  *45  per  1000.  The  army,  then,  in  the  years  1867- 
71,  had  an  excess  of  *277  per  1000  of  heart  disease.  Myers'  statistics  are 
confirmatory  The  amount  of  heart  disease  is  greater  among  the  foot  guards 
than  among  the  metropolitan  policemen.  Myers  in  his  able  treatise*^  gives  the 
bUowing  numbers  : — 

Died  per  1000     InTaUded  per  1000. 

Foot  Guards,  ...         -8  3-2 

PoHce,         .  ...         '29  1-37 

It  is  greater  among  soldiers  than  8ail<N»;  from  six  years'  observationB 
[1860-65)  Myers t  makes  the  navy  mortality  '66,  and  the  invaliding  3'44  per 
1000  ;  while  in  the  army  in  the  same  years  the  mortality  was  '9,  and  the 
invaliding  5*26. 

If  the  different  arms  of  the  service  are  taken,  the  following  numbers  are 
jfiven  by  the  five  years  1867-71  : — 


CaTalryof 

Caralryof 

Artillery. 

Foot 

Infantiy 

Ooard. 

Linn. 

Ouardo. 

of  line. 

Mean  yearly  strength. 

1,218 

8,468 

9,417 

6,749 

81,729 

Total  deaths  from  disease  of  the 
heart  in  five  years,  . 

1 

24 

67 

19 

78 

Total  deaths  from  aneurism  in 
five  years,        .... 

2 

87 

49 

20 

103 

Heart  deaths  per  1000  of  strength, 

Aneurismal  deaths  per  1000  of) 

strength,  per  annum,       .        .  ) 

•181 

•666 

1-210 

•661 

•460 

•829 

•878 

1-041 

•696 

•649 

The  numbers  in  the  household  cavalry  are  so  small,  it  is  not  safe  to  use 
bbem  ;  but  the  other  numbers  are  sufficiently  large  to  render  it  probable  that 
the  artillery  show  a  larger  proportion  of  fatal  cardiac  and  aneurisinal  cases  than 
iny  other  body  of  troop&  The  line  cavalry  and  line  infantry  both  show 
rather  an  excess  of  aneurismal  over  heart  deaths  ;  while  the  artillery  show 
more  heart  than  aneurismal  deaths,  and  in  the  foot  guards  the  proportion  is 
BquaL  The  point  which  comes  out  clearly  from  the  table,  in  addition  to  the 
Large  amount  in  all,  is  the  excess  of  both  classes  of  deaths  in  the  artillery ;  that 
it  is  a  real  excess  is  seen  by  comparing  the  yearly  number  of  the  artillery  and 
cavalry  of  the  line  who  did  not  differ  greatly  in  mean  strength.  The  produo- 
tion  of  these  diseases  of  the  circulatory  organs  begins  very  early  in  the  military 
career.  In  1860-62  I  calculated  out  the  causes  of  invaliding  in  6856  men* 
Of  these  1014  were  under  two  years'  service.  In  the  whole  number  the  per- 
centage of  heart  and  vessel  disease  as  the  cause  of  the  invaliding  was  7*7  ; 
among  the  men  under  two  years'  service  it  was  14*23  per  cent  As  these  men 
had  presumably  healthy  hearts  when  they  enlisted,  the  effect  both  of  the 
military  life  in  producing  diseases  of  the  circulatory  organs,  and  the  greater 
suffering  from  it  of  young  soldiers,  seems  certain.  The  statistics  in  the 
Knapsack  Committee's  Eeport  confirm  this. 

The  cause  of  this  preponderance  in  the  army  of  diseases  of  the  circulatory 

'    *  Diseases  of  Heart  among  Soldiers,  by  A.  B.  R.  Myen.  CoLdBtream  Guards.    London 
1870. 
t  Diseases  of  Heart  among  Soldiership.  11. 
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argaufi  is  a  matter  of  great  importance.     Whatever  they  may  be,  it  is  probahle 
that  they  produce  both  the  cardiac  and  the  arterial  disease. 

The  two  most  common  causes  of  .heart  disease  in  the  civil  population  are 
rheumatic  fever  in  young,  and  renal  disease  in  older  persons.  The  latter 
oause  is  certainly  not  acting  in  the  army,  and  the  former  appears  quite 
insufficient  to  account  for  the  facta  A  great  number  of  the  men  who  eofkt 
from  heart  and  vessel  disease  have  never  had  acute  rheumatism  ;  and  if  -wt 
refer  the  affection  to  slight  attacks  of  muscular  rheumatism,  which  almost  eveiy 
man  has,  we  are  certainly  going  beyond  what  medical  knowledge  at  present 
warranta  The  effect  of  lung  disease  in  producing  cardiac  affections  is  also 
not  seen  in  the  army  to  any  extent 

The  influence^of  syphilis  in  producing  structural  changes  in  the  aortic  coats 
was  noticed  by  MorgagnL  In  114  post  mortem  examinations  of  soldieis 
dying  at  Netley,  Dr  Davidson*  found  22  cases  of  atheroma  of  the  aorta.  Of 
those  17  had  a  syphilitic  history,  1  was  doubtful,  and  4  had  had  no  syphilis^ 
but  had  heart  and  lung  diseases.  Of  the  whole  114  cases,  78  had  no 
syphilitic  history  and  had  4  cases  of  atheroma,  or  5*1  per  cent  ;  28  had  s 
marked  syphilitic  history  and  17  had  atheroma,  or  no  less  than  60 '7  per  cent 
This  seems  very  strong  evidence  as  to  atheroma.  With  respect,  however^  to 
actual  aneurism,  no  corresponding  analysis  of  cases  has  been  made,  and  there- 
fore at  present  the  effect  of  syphilis  must  be  considered  uncertain  >  but  it  is 
quite  clear,  even  admitting  its  influence,  there  is  no  reason  to  think  that 
syphilis  prevails  more  among  soldiers  than  among  the  civil  male  population 
(k  the  same  class.  It  is,  therefore,  unlikely  that  an  excess  of  syphilis,  if  it 
really  occurs  among  soldiers,  and  if  it  actually  predisposes  to  aneiuism,  as 
seems  probable,  could  produce  11  times  as  many  aneurisms  as  in  civil 
persons.  Myers  has  also  given  evidence  that  both  in  the  army  and  navy 
aneurism  is  sometimes  not  preceded  by  degeneration  of  the  arterial  coafB,  and 
in  these  cases  mere  improper  exertion  seemed  to  produce  it 

The  effect  of  excessive  smoking  again  has  been  assigned  as  a  cause  of  the 
soldier's  cardiac  disease ;  but  no  one  who  knows  the  habits  of  many  con- 
tinental nations,  and  of  some  classes  among  our  own,  could  for  a  moment 
believe  this  to  be  the  cause. 

Again,  the  effects  of  alcohol  in  constantly  maintaining  an  excessive  action 
of  the  heart,  are  so  marked  as  to  make  it  highly  probable  that  this  is  a  faet 
of  great  importance ;  but  soldiers  do  not  dnnk  so  much,  as^  compared  with 
cdviLians,  as  to  lead  us  to  think  the  cause  can  explain  the  prevalence. 

There  is,  however,  one  cause  which  is  continually  acting  in  the  case  of 
soldiers,  and  that  is  the  exertion  (often  rapid  and  long  continued)  which  some 
of  the  duties  involve.!  The  artillery  have  very  heavy  work ;  often  it  is  veir 
violent  and  sudden,  more  so  perhaps  than  in  any  other  corps ;  the  'cavahy 
also  have  sudden  work  at  times ;  and  the  infantry  soldier,  though  his  usual 
labour  is  not  excessive,  is  yet  sometimes  called  upon  for  considerable  exertion, 
and  that  not  slowly,  or  with  rests,  but  with  great  rapidity.  And  this  exertion 
is  in  all  arms  undertaken  with  a  bad  arrangement  of  dress  and  of  eq^uipmenta 
The  cavalry  and  artillerymen  are  very  tightiy  clothed,  and  though  the  horse 
carries  some  of  the  burden,  it  is,  I  believe,  undoubted  that  the  men  are 
overweighted.  In  the  infantry,  till  lately,  they  wore  very  tight-fltting  tunieS) 
with  collars  made  close  round  the  neck,  and  trousers  (which  were  often  kept 
up  by  a  tight  belt) ;   there  was  a  broad  strap  weighted  below  with  a  heavy 

♦  Army  Medical  Department  Report,  vol.  v.  p.  481. 

t  For  a  full  and  able  discussion  on  all  those  points,  and  for  additional  evidenoB,  I  mngt  reiSer 
to  Mr  Myers'  excellent  work.  On  the  effect  of  exertion  during  war  in  causing  cardiac  hype^ 
trophy,  I  may  refer  to  Dr  PrtintBel'fl  paper  in  Virchow^s  Archiv,  band  Ivii.  p.  216. 


MOBTAUrr. 


6l§ 


ponch  and  ammunition,  ciossing  and  binding  down  the  chest ;  and  there  was 
the  knapsack  constricting  the  upper  part  of  the  chest,  and  hindering  the  air 
from  passing  into  the  proper  lobes. 

The  production  of  heart  disease  ought  not  to  be  attributed  solely  to  the 
knapsack,  as  is  sometimes  done  ;  the  knapsack  is  only  one  agency ;  the  cross- 
belt  was  probably  worse,  and  the  tight  clothes  add  their  influence.  But  even 
with  the  knapsack  alone  the  effect  on  the  pulse  is  considerable,  and  one  or 
two  of  my  experiments  may  be  given  in  illustration.  Thus,  four  strong 
soldiers  carried  the  old  regulation  knapsack,  service  kit,  greatcoat,  and 
canteen,  but  no  pouch  and  no  waist-belt  (except  in  one  man).  The  pulse 
(standing)  before  marching  was  on  an  average  88  ;  after  35  minutes  it  had 
risen  on  an  average  to  105  ;  after  doubling  500  yards,  to  139,  and  in  one  of 
the  men  was  164,  irregular  and  unequal  After  the  double  they  were  all  un- 
fit for  further  exertion.  In  a  fifth  man,  who  was  not  strong,  the  35  minutes' 
marching  raised  the  pulse  from  120  to  194;  after  doubling  250  yards  he 
stopped  ;  the  pulse  then  could  absolutely  not  be  felt  In  another  series,  the 
average  pulse  of  four  men,  with  the  knapsack  only,  was  98  (standing),  after 
one  hour's  march,  112  ;  after  their  doubling  600  yards,  141.  If  the  pouch 
with  ammimition  is  added  the  effect  is  still  greater.  I  have  taken  the  pulse 
and  respirations  after  long  marches,  and  found  the  effect  still  more  marked. 
'Walking,  of  course,  will  quicken  the  pulse  and  respiration  ia  any  man,  but 
not  to  such  an  extent,  and  the  sense  of  fatigue  in  unincumbered  men  is  much  less. 

In  the  lecture,  formerly  alluded  to,*  B*y  colleague,  Dr  Maclean,  put  this 
matt^  most  forcibly  before  the  authorities,  and  I  believe  he  is  quite  justified 
in  the  expression  that  one  great  cause  of  the  cardiac  (and  perhaps  of  the  aortic 
and  pulmonary)  disease  in  the  army  is  to  be  found  in  exertion  carried  on 
under  unfavourable  conditiona 

Happily,  much  has  been  lately  done  by  the  authorities  to  remove  this  cause ; 
but  still,  especially  in  the  artillery  and  mounted  service,  f  changes  appear  to 
be  necessary,  and  in  all  arms  it  is  desirable  that  officers  should  allow  their  men 
to  do  their  work  under  the  easiest  conditions,  as  regards  clothes,  weights,  and 
attitudes,  consLstent  with  military  discipline  and  order. 

3.  Tfie  Nervous  Diseases. 

These  form,  a  very  heterogeneous  class :  apoplexy,  meningitis,  paralysis, 
mania,  &c.,  are  the  chief  headings  The  ^proportion  to  1000  of  strength  is 
about  -6,  and  6*6  deaths  of  every  100  are  owing  to  nervous  diseases.  As 
among  the  male  civil  population  (ages  25  to  35)  the  deaths  are  also  6*6  per 
cent  of  total  deaths,  soldiers  do  not  appear  to  suffer  more. 

4.  Pneumonia  and  Acute  Bronchitis,X 
Tablb  to  show  the  admissions  and  deaths  per  aimum  per  1000  of 

strength,  years  1859-71  (13  years). 


Pnetunonia. 

Acute  Bronchitis. 

Admissions. 

Deaths. 

Admissions. 

Deaths. 

AvBrage*,           .        .        .        t 
Highest  in  thirteen  years. 
Lowest  in  thirteen  years, 

5-25 
718 
8-49 

•641 
•741 
•428 

55-65 

88-00 

[89-10 

•227 

•38 

•08 

'"  *  Royal  United  Service  Institution  Jonmal,  1863,  vol.  viiL 

t  The  cardiac  diseases  are  of  the  most  varied  kind.  I  have  seen  at  Netley,  in  Dr  Maclean's 
-wards,  in  one  hour  in  the  snramer,  when  the  hospital  is  fall,  almost  all  the  combinations  of 
heart  affections.  It  has  appeared  to  me  that  if  anything  gives  the  tendency  to  heart  affections, 
then  the  dress  and  the  accoutrements  come  in  as  accessory  causes,  and  prevent  all  chance  of 
eure.  In  some  cases  there  is  no  valvular  disease,  and  not  much  hypertrophy  of  the  heart,  but 
A  singular  excitability,  so  that  the  heart  beats  ^ghtfully  quick  on  the  least  exertion. 

X  Separate  data  are  not  published  for  the  later  years..^ 
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The  acute  inflamniatoiy  diseases  of  the  lungs  give,  therefore^  a  mean  anna 
mortality  of  *856  per  1000  of  strength* 

In  the  French  army  pneumonia  gives  a  lower,  and  acute  bronchitis  a  hig^ 
mortality  than  in  our  own,  but  this  is  perhaps  a  mere  diflEerenee  of  nomen 
clature. 

The  opinion  that  the  military  suffer  more  than  the  civil  population  bcm 
pneumonia  is  an  old  one.  It  is  also  generally  belieyed  that  the  j  suffer  Ia»  ii 
the  field  than  in  garrison.  I  have  been  unable  to  find  statistics  tliat  eaUeiy 
me  as  to  the  amount  among  the  civil  population.  In  the  European  popnlatiaiii, 
generally,  Ziemssen  *  gives  the  deaths  from  pneumonia  as  1  '5  ;  and  Oester- 
len,t  1*25  per  1000 ;  but  this  includes  all  ages^  and  both  serea  Among  nai 
alone  it  is  certainly  greater  than  among  women.  In  London,  in  1865,  the 
mortaUty  from  pneumonia,  between  the  ages  20  and  40  (both  sexes),  was  1 
per  1000  population.  X 

If  this  be  correct^  the  mortality  among  soldiers  is  below  the  civil  notaztalitj, 
or  soldiers  are  less  subject  than  civilians  ;  for,  as  man  are  more  subject  to 
pneumonia  than  women,  the  mortaUty  among  the  civilian  males  would  he 
greater  than  1   per  1000,  but  the  military  mortalitj  is  only   '641.     Hie 
mortality  among  the  army  pneumonic  cases  (deaths  to  treated),    amountB 
(average  of  thirteen  years)  to  12*18  per  cent.,§  and  as  this  is  very  neadj  tfa« 
civil  proportion,  every  1000  of  population  in  London  gave  nine   cases  d 
pneumonia,  while  1000  soldiers  gave  only  five.    It  may  be  said,  however,  thsl 
London  is  not  a  fair  test ;  but  as  a  place  of  residence  for  soldiers  it  does  no* 
appear  to  predispose  to  pneumonia,  as  wiU  be  seen  from  the  f oUowing  table  >- 

Ptt*  lOOO  of  StroMith. 
jean  1864-71. 

Foot  Guards  InflmtTT  tn  the 

Ic  LondOB.       Kingdom  gener^. 

Admissions  from  pneumonia,     .         •        «         3*75  6*06 

Deaths  from  pneumonia.  •        •        .        «  '44  *66 

The  mortality  to  cases  treated  in  the  five  years  1867-71  was,  in  the  Guardi^ 
10*68,  and  in  the  infantry,  11*7  per  cent. 

Although  I  do  not  see  that  pneumonia  (and  acute  bronchitis  f)  are  moie 
common  or  more  fatal  among  soldiers  serving  at  home  than  among  civilians, 
the  above  figures  show  what  a  fatal  disease  pneumonia  is,  and  how  worthy  of 
renewed  study  its  causes  are. 

5.  The  Class  of  ChnHnued  Feoers, 

The  returns  do  not  carefully  distinguish  the  several  forms,  but  practically 
the  majority  of  the  fatal  cases  of  '^  continued  fever "  are  from  entenc 
(typhoid)  fever. 

There  has  been  a  great  decline  in  this  class  of  late.  In  the  ten  yean 
(1837-46)  the  average  admissions  were  62,  and  the  deaths  1*72  per  1000  of 
strength.  In  the  eight  years  ending  1867,  the  admissions  averaged  22,  and 
the  deaths  *5  per  1000  of  strengtL  In  1871  there  were  onlj  80  cases  of 
enteric  fever  and  22  deaths  in  the  whole  army  of  87,000  men.  In  the  four 
years  ending  1875  the  mean  total  deaths  from  continued  fever  were  0*37  per 
1000,  and  they  amounted  to  4*4  per  cent  of  the  total  deaths. 

This  mortality  is  decidedly  below  that  of  the  male  civil  population  of  the 

*  MoDat8-Bl.  fUr  Med.  Stot.  1857>  and  Schmidt's  Jahrb.  1862,  No.  %  p.  8S7. 

t  Med.  Statist.  2d  edit.  p.  5d7. 

i  Vacher.    Sur  la  Mort.  en  1865,  Paris,  1866,  p.  137. 

§  In  thirteen  years  there  were  4826  cases  treated*  and  588  deaths,  or  12' 18  deaths  per  cent 
In  Canada,  the  deaths  to  admissions  were  only  7'IS  deaths  per  cent,  (average  of  tweire  yetn 
ending  1670.)  ^        .  *—  \       «o  * 
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same  age^  which  amounts  to  9*6  per  cent  of  total  deaths,  and  very  nearly  1 
per  1000  of  population. 

During  late  years  no  points  have  been  more  attended  to  in  the  army  than 
pure  water  supply  and  good  sewerage,  and  we  see  the  results  in  this  very  large 
diminution  of  deaths  horn,  the  rate  of  the  former  period,  and  in  the  fact  that 
in  this  particular  class  of  disease  the  soldier  is  isr  better  off  than  the  civil 
population.  So  also  the  cholera  of  1866  passed  very  lightly  over  the  army  at 
home  (only  13  deaths  out  of  70,000  men),  although  in  former  epidemics  the 
army  shffered  considerably. 

The  decline  of  enteric  fevers  confirms  most  strongly  the  doctrine  of  its  in- 
timate dependence  on  bad  sewage  arrangements. 

The  greatest  amount  of  typhoid  fevers  in  the  army  is  in  the  garrisons  in  the 
seaports,  the  least  in  the  camps. 

The  other  classes  of  disease  causing  mortality  need  no  comment  Chronic 
bronchitis  is  no  doubt  to  be  chiefly  referred  to  phthisis  (using  that  term  as  a 
generic  word  to  include  various  disorgamsing  lung  diseases),  and  delirium 
tremens  is  a  return  which  wiU,  no  doubt^  gradually  disappear. 

'  The  smaller  items  of  mortality,  Tnakiug  up  22  out  of  every  100  deaths,  are 
various ;  erysipelas,  pyemia,  syphilis,  hepatitis  (in  men  from  foreign  service), 
enteritis,  rheumatism  (from  heart  complication  probably,  but  returned 
as  riieumatiBm),  diabetes,  ebriositas,  scarlet  fever,  and  diphtheria,  are  a  few  of 
the  many  causes  which  cany  off  a  small  number  *every  year.  The  cancerous 
and  kidney  diseases  are  very  few,  as  we  might  expect  from  the  age  of  the  men. 

To  sum  up  the  case  as  regards  the  present  mortality  on  home  service,  it  may 
be  stated  that  for  the  last  sixteen  years  (up  to  1875)  there  has  been  some 
lessening,  but  no  great  f  aU  in  the  number  of  deatha  There  is  still  much  to 
be  done  in  respect  of  preventing  disorganising  lung  disease,  disease  of  the 
circulatory  organs,  and  even  fever,  for  we  ought  not  to  be  satisfied  until  the 
term  enteric  fever  is  altogether  obliterated  A  renewed  study  of  the  causes 
of  pneumonia  is  also  necessary,  in  order  to  see  if  some  way  or  other  the  attacks 
of  that  fatal  disease  cannot  be  lessened.  There  is  no  reason  to  think  that  we 
have  yet  touched  the  lowest  possible  limit  of  preventable  disease ;  but,  on  the 
contrary,  we  can  s^e  clearly  that  the  soldier,  comparatively  healthy  as  he  is, 
may  be  made  more  healthy  stilL  Some  evidence  in  support  of  such  a  view 
may  be  found  in  the  fact^  that  both  at  Gibraltar  and  in  some  of  the  West 
Indian  stations  the  mortcJity  has  been  lower  in  some  years  than  it  has  ever 
been  at  homa  But  there  is  no  reason  why  the  home  mortality  should  not 
be  reduced  to  the  standard  of  those  foreign  stationa 

An  important  question  now  arises — ^Why,  after  thirty  years  of  age,  should 
the  soldier  die  more  rapidly  than  the  civilian,  though  for  the  first  ten  years  of 
his  service  he  has  a  smaller  mortality.  The  causes  may  be  foreign  service, 
bad  social  habits  (t.&,  excess  of  drinking  and  syphilis,  or  other  effects  of  en- 
forced celibacy),  night  duty,  exposure  on  guard,  and  prolonged  influence  of 
impure  barrack  air.  But  to  which  of  these  the  result  is  owing  could  only  be 
determined  by  accurate  statistical  inquiries  of  the  causes  of  mortality  at  the 
older  agea  We  do  not  know  these,  and  it  is  of  no  use  to  discuss  a  topic  on 
which  sufficient  facts  are  not  available 

B,  Loss  OF  Stbenoth  of  the  Army  bt  Ikvalidino. 

The  amount  of  invaliding  is  influenced  by  other  causes  than  mere 
inefficiency  of  the  men  ;  sometimes  a  reduction  is  made  in  the  army,  and  the 
opportunity  is  taken  to  remove  weakly  men  who  would  otherwise  have 
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continued  to  serve.  This  was  the  case  in  1861.  As  invaliding  greatly  affects 
the  mortality  of  the  army,  a  source  of  fallacy  is  introduced  which  it  is  not 
easy  to  avoid. 

During  the  seven  years  (1860-66),  there  were  invalided  every  year  nearly 
37  men  out  of  every  1000,  thus  masing  a  total  loss  by  death  and  invaliding 
from  disease  of  nearly  46  men  per  1000,  or  about  one-twenty-second  part  of 
the  whole  force.  In  1867  the  invaliding  was  lower,  viz.,  22 "18  per  1000.* 
The  causes  of  the  invaliding  were  veiy  carefully  ascertained  by  X)r  Ealfouiv 
and  inserted  in  his  reports,  and  the  work  is  continued  under  his  sudcesscm 
Speaking  in  round  numbers,  phthisis  and  scrofula  account  for  about  one-fourth 
of  the  invalids,  and  if  chronic  bronchitis  is  included,  for  nearly  seven-twentieths, 
the  two  items  of  hypertrophia  cordis  and  morbus  valv.  cord,  account  for  one- 
tenth  and  chronic  rheumatism  for  one-f ourteentL  The  three  nervous  diseases 
of  amentia,  mania,  and  epilepsy  always  cause^a  large  number  of  invalids, 
amounting  nearly  to  one-tenth,  or  almost  the  same  as  the  two  classes  of  heart 
diseases.  All  the  other  items  are  smaller.  In  men  invalided  under  one  yearns 
service  nearly  one  quarter  are  so  from  epilepsy ;  the  remaining  chief  causes 
are  phthisis  and  diseases  of  the  circulatory  organa  It  is  probable  that  the  los 
from  invaliding  will  continue  to  diminish  as  a  consequence  of  the  short 
service  system. 

SECTION  IL 

LOSS  OF  SERVICE  FROM  SICKNESS  PER  1000  PEE  ANNUM. 

(a)  Number  of  Admissions  into  Hospital. — On  an  average  1000  soldieis 
furnish  rather  under  1000  admissions  into  hospital  per  annum ;  833-5  in  ten 
years  (1865-74).  The  number  varies  in  the  different  arms  from  about  600 
in  the  Household  Cavalry,  which  is  usually  the  lowest,  to  about  1100  in  the 
Cavalry  and  Artillery  Dep6t&  In  the  first  case  the  steady  character  of  the 
men,  many  of  whom  are  married,  and  in  the  second  the  frequency  of  con- 
tusions during  drill,  accounts  for  this  great  range.  In  the  Infantry  the 
average  is  from  850  to  1020.  In  1875  the  highest  was  1232  in  a  battalion 
of  the  Guards,  and  the  lowest  422  in  a  line  regiment  just  returned  from  the 
Cape :   the  mean  was  752. 

The  number  of  admissions  remained  tolerably  constant  for  twenty-five 
years,  but  during  late  years  has  been  sensibly  declining. 

The  admissions  in  the  French  army  are  not  comparable  with  ours  ;  slight 
cases  of  sickness  (which  with  us  are  often  not  recorded)  are  treated  in  barradcs 
(d  la  chambre),  severer,  but  still  slight,  cases  in  the  infirmaries,  bad  cases  in 
the  general  hospitals.  The  mean  of  five  years  (1862-66)  gives  2028  total 
admissions  per  1000  "  present."  The  admissions  to  the  infirmariee  in  Fran<% 
(in  1866)  were  323  per  1000  "present;"  to  the  hospitals,  306;  makhig  a 
total  of  the  severer  cases  of  only  629  per  1000  in  that  year.  This  sliows 
how  many  slight  cases  there  are  in  the  French  army.  In  the  eiglit  years 
(1862-69)  the  mean  number  of  slight  cases  in  France  was  1745  per  1000 
(Morache).  { 

In  the  Prussian  army  the  average  admissions  (mean  of  18  years,  1846—63) 
were  1336.  In  1867  there  were  1125:6  per  1000.  In  1873-75  it  was  750, 
and  in  1876  only  620  (Both). 

-   —    -  ■*-  ,  --  -  - 

*  In  ten  years,  from  1865-74  the  mean  number  invalided  was  22*21  per^lOOO  of  tiie  whcJe 
army,  and  27*39  of  the  troops  in  the  United  Einsdom,  making  with  deaths  a  loss  for  the  whoti^ 
army  of  86-71,  and.for  the  United  Kingdom  86*45  per  lOOOrThe  numbers  for  1875  were  belor 
the  average ;  viz.,  invalided  from  the  whole  army  19*80,  from  the  United  Kingdom  25*80,  ex, 
respectively,  with  deaths,  a  loss  of  82*27  and^85*16.  This  is  only  about  Ji^th  to  ^th  of  tla 
force. 
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(h)  Daily  number  of  Sick  in  Hospital  per  1000  of  Strength, — ^Abont  one- 
twenty-fifth  of  the  army  (aveiage  of  ten  yean,  1865-74)  ia  constantly  sick  in 
time  of  peace,  or  4  per  cent 

It  is  not  possible  to  compare  the  army  sickness  with  the  civil  population, 
or  even  with  other  armiea 

In  England,  the  number  of  members  of  friendly  societies,  between  twenty 
and  thirty  years  of  age,  who  are  constantly  sick  is  nearly  16  per  1000. 

In  the  French  army,  the  mean  sick  in  hospital  are  29  per  1000  present ;  in 
both  hospital  and  infinnary,  60  ;  in  the  Prussian,  44  (in  1876  only  25'5) ;  in 
the  Austrian,  45  ;  in  the  Belgian  (1859),  54*2 ;  in  the  Portugese  (1851-53), 
39-4. 

The  number  of  daily  sick  has,  of  course,  a  wide  range ;  sometimes  an 
hospital  is  almost  closed,  at  other  times  there  may  be  more  than  100  sick  per 
1000  of  strength. 

(c)  Number  of  Days  spent  in  Hospital  per  head  in  each  1000  of  Strength, — 
The  number  of  days'  service  of  a  battalion  1000  strong  in  a  year  would  be'of 
course  (1000  x  365  =  )  365,000.  If  we  assume  the  average  number  of  sick 
to  be  40J  per  1000,  there  are  lost  to  the  State  (40^x365  =  )  14,782 
days'  service  per  annum,  or  14f  days  per  man.  As  already  said,  it  is  difficult 
to  compare  the  sickness  of  solcUers  and  civilians,  but  the  above  amount  seems 
large  when  we  remember  that,  in  the  friendly  societies,  the  average  sickness 
per  man  per  annum  (under  forty  years  of  age)  is  less  than  seven  days. 

Mean  Duration  of  Cases  of  Illness, — ^The  number  of  days  each  sick  man  is 
in  hospital  (mean  duration  of  cases)  is  rather  greater  (17 '8)  as  the  number  of 
admissions  is  below  the  strength. 

It  can  be  most  easily  calculated  as  follows :  multiply  the  mean  daily 
number  of  sick  (sick  population)  by  the  number  of  days  in  the  period,  and 
divide  by  the  cases  treated.  The  number  of  "  cases  treated  "  is  the  mean  of 
the  admissions  and  discharges  in  the  period. 


French  h  la  chambre^  3*10  days. 
Prussian  (1859-63),  in  hospitals,  18-9 

days. 
Bel^an,  23*6  days. 
Portuguese,  19  days. 


Austrian  aimy,  17  to  18  daya 
French  at  home,  all  cases  (1862-66), 

7*97  days. 
French  in  hospitals  only  (1862-66), 

26*3  days. 
French  in  infirmary,  12  days. 

(a)  Mortality  to  Sickness, — ^This  is,  of  course,  a  different  point  from  that 
of  the  relation  of  mortality  to  strength.  A  few  cases  of  very  fatal  illness 
may  give  a  large  mortality  to  cases  of  sickness,  but  the  mortality  to  strength 
may  be  very  small 

The  mere  statement  of  the  ratio  of  mortality  to  sickness  gives  little  in- 
formation j  what  is  wanted  is  the  mortality  of  each  disease,  and  at  every  age. 
Otherwise  the  introduction  of  a  number  of  trifling  cases  of  disease  may  com- 
pletely mask  the  real  facts. 

When,  however,  the  general  ratio  is  to  be  determined,  it  must  be 
calculated  in  one  of  three  ways  : — 

1.  Mortality  to  admissions  in  the  time.  This  is,  however,  an  uncertain 
plan;  a*number  of  cases  admitted  towards  the  close  of  a  period,  and  the 
greater  part  of  whose  treatment  and  mortality  falls  into  the  next  period,  may 
cause  an  error. 

2.  Mortality  to  cases  treated  (»mean  of  admissions  and  dischaiges).* 
This  is  the  best  method  of  calculation. 

.  *  It  has  not  infrequently  happened  that  the  mortality  on  sickness  has  been  calculated  in  thU) 
way ;  the  nnmber  of  sick  remuning  in  hospital  at  tiie  commencement  of  the  period,  say  a  yeai^ 
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3.  Mortality  to  sick  population,  ia,  the  number  of  deaths  furnished  per 
annum  by  a  daily  constant  number  of  sick.  This»  however,  must  be  taken  in 
connection  with  the  absolute  number  of  sick  in  the  time,  and  with  the  dnia- 
tion  of  the  cases,  or,  in  other  words,  with  the  kind  of  casea 

The  degree  of  mortality  to  the  several  causes  of  sickness  was  given  veij 
fully  in  the  Army  Statistical  Beports,  up  to  the  year  1873,  since  which  time 
the  detailed  returns  have  been  discontinued. 

Calculated  on  the  admissions,  the  mortality  to  total  sickness  in  the  Englirii 
army  at  home  is  a  little  above  the  mortality  to  strength,  or  about  11-3  per 
1000  per  annum  (1865-74).  In  the  Ftussian  army  it  was  7*25  (jeaa 
1846-62) ;  in  1872  it  was  7-7.» 

CaUSBB  of  SlOKNESa 

The  causes  leading  men  to  go  into  hospital  are^  of  course,  very  differant 
from  those  which  produce  mortisJity.  For  example,  admissions  from  phthiat 
will  be  few,  mortality  great ;  admissions  from  skin  diseases  numeroasi 
mortality  trifling. 

Taking  the  most  common  causes  of  admission  in  the  order  of  freq^uency,  we 
find— 

1.  Venereal  Diseases  (see  page  500). — ^Under  the  term  Venereal,  all  diseasea, 
immediate  or  remote,  resulting  from  sexual  intercourse,  are  included.  Se- 
condary as  well  as  primary  syphilis  ;  stricture  and  orchitis,  as  well  ai 
gonorrhoea,  &c. ;  also  a  few  cases  not  strictly  venerea!  The  primary  veneml 
forms  are,  however,  of  the  most  importance. 

At  p.  506  will  be  found  tables  showing  the  admissions  from  piimuy 
venereal  sores  and  gonorrhoea.  In  stations  under  the  Contagious  Diseasai 
Act,  1000  men  give  33  admissions  from  the  former  and  68  from  the  latter 
In  stations  not  under  the  Act,  the  amount  of  gonorrhoea  is  30  per  oent  highec, 
and  syphilis  is  more  than  doubla  There  are  other  admissions  from  aecondsij 
and  tertiary  syphilis,  which  somewhat  increase  the  total  admissions. 

We  have  no  certain  facts  with  which  we  can  compare  the  syphilitic  disesaa 
of  the  civil  population  with  that  of  the  army.  The  amount  among  the  dril 
population  at  large  is  reaUy  a  matter  of  conjecture.  But  whether  it  is  greater 
or  less  than  that  of  the  army  does  not  affect  the  result  drawn  from  the  above 
figures,  viz.,  that  there  is  an  appalling  loss  of  service  every  year  from  the  im- 
mediate or  remote  effects  of  venereal  disease,  f 

It  should  be  understood,  also,  that  the  action  of  syphilis  is  long  contiimaL 
Many  soldiers  die  at  Netiey|  from  various  diseases^  whose  real  i^ection  has 
been  syphilis,  so  that  the  influence  of  this  cause  is  very  imperfectly  indicated 

are  added  to  the  admissions  in  the  year^  and  the  mortality  is  calculated  on  this  number.  At 
the  end  of  the  year  a  certain  number  of  sick  remaining  in  hospital  are  carried  on  to  the  next 
year,  and  added  to  the  admissions  of  that  second  year  for  the  calculation  of  the  mortality  of 
that  year.  In  this  way  they  are  counted  twice.  This  has  been  done  in  oalculatioiis  of  weddj 
mortality,  and  in  this  way  the  same  sick  man  has  been  made  to  do  duty  as  a  firesh  case  nsany 
times  over.  This  is  to  be  avoided  by  either  calculating  on  the  admissions,  or  by  oonsidering 
half  the  "  remaining  *'  at  the  beginning  to  belong.to  the  previous  period,  and  half  the  *'  n 
ing  "  at  the  end  of  the  period  to  belong  to  the  foUowinff  period :  or,  what  is  the  same  v 
talcing  half  the  adnussions  and  half  the  discharges  in  the  period  as  representing  the  "  i 
treated  "  in  that  time. 
*  For  numerous  statistical  details  of  foreign  armiea  aee  Roth  andLaz,  op,  ciL  toL  iiL  pu  411 

t  xhe  order  issued  in  1878,  directing  stoppages  to  be  made  fh)m  men  in  Hoapitel  affectel 
with  venereal  disease,  was  a  most  unfortunate  one,  as  giving  every  induoemest  for  the  conceal- 
ment of  disease. 

X  My  colleagues.  Professors  Maclean  and  Aitken^  are  both  very  much  impressed  with  the 
frequent  occurrence  of  marks  of  continued  and  dominant  syphiUtic  action  in  the  bodiea  of 
who  die  from  what  are  considered  otiier  diseases. 
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by  the  number  of  admiasions  and  service  lost  under  the  head  of  enthetic 
diseases. 

General  Diseases, — The  important  diseases  included  under  this  class  give 
one-fourth  of  the  total  admissions,  or  about  205  per  1000  (1869-74). 

(a)  Eruptive  fevers  are  not  veiy  common,  about  3  per  1000.  Smallpox  is 
checked  by  vaccination  ;  measles  and  scarlatina  are  not  frequent. 

(b)  Paroxysmal  fevers  (many  of  which  have  been  contracted  out  of  England), 
give  about  11  per  1000. 

(c)  The  continued  fevers  are  more  common,  but  their  frequency  is  lessening. 
There  is  no  doubt  that  typhoid  is  the  chief,  perhaps  almost  iJie  only  fever 
besides  f  ebricula  which  is  now  seen.  Spotted  typhus  is  at  present  uncommon. 
The  continued  fevers  cause  about  22  admissions  per  1000  of  strengtL  In 
1866  there  was  only  15  admissions  per  1000.  During  the  last  few  years  there 
have  been  some  cases  of  cerebro-spinal  meningitis. 

(d)  Eheumatism  gives  50,  dysentery  and  diarrhoea  25,  sore  throat  and 
influenza  50,  and  ophthalmia  20  to  25  cases  per  1000  of  strength.  All  these 
diseases  are  declining  in  frequency. 

3.  Integumentary  diseases  usually  give  the  next  greatest  number  of  admis- 
sions—viz., from  100  to  130  (97-6  in  1869-74).  This  does  not  include 
scabies,  but  is  made  up  of  a  great  number  of  cases  returned  as  phlegmon  and 
ulcers  (which  appear  to  be  rather  more  common  among  the  cavalry  and 
artillery),  and  a  much  smaller  number  of  cases  of  eczema,  herpes,  psoriasis, 
and  impetigo. 

4.  Diseases  of  the  respiratory  organs  (excluding  tuberculosis)  give  the  next 
largest  number — viz.,  from  75  to  110  per  1000,  the  mean  being  nearly  82  for 
1869-74.  Of  the  100  cases  acute  bronchitis  gives  66*5  per  cent  ;  chronic 
bronchitis  16*5  ;  and  pneumonia  and  pleurisy  each  8*5  per  cent  (nearly). 

5.  Accidents  follow  with  from  70  to  100  admissions  per  1000  of  strength. 
Contusions  are  much  more  common  in  some  regiments  than  in  others, 
especially  in  the  artillery  and  cavalry  dep6ts,  where  recruits  are  in  training. 

6.  Diseases  of  the  digestive  system  cause  about  100  admissions  ;  dyspepsia 
is  the  chief  heading  ;  then  chronic  hepatitis  (although  it  is  very  questionable 
if  this  term  is  not  a  conventionalism),  and  haemorrhoids. 

7.  Parasitic  diseases  come  next,  with  an  average  of  about  30  or  40 
cases  per  1000 ;  which  are  made  up  of  scabies,  and  a  smaller  amount  of 
"porrigo." 

8.  Diseases  of  the  nervous  system  give  about  15  to  20  per  1000.  Epilepsy 
gives  the  largest  n,umber ;  then  otitis ;  then  cephalsea. 

9.  Tubercular  diseases  cause  about  18  admissions  per  1000. 

10.  Diseases  of  the  reproductive  (venereal  excluded),  locomotive,  and 
urinary  systems,  give  6,  3^,  and  3  admissions  per  1000  of  strength. 

11.  The  remaining  admissions  are  made  up  of  smaller  classea 

Can  the  causes  of  any  of  these  admissions  into  hospital  be  lessened  or 
removed?  On  this  point  there  is  no  room  for  doubt  that  the  venereal 
admissions  could  be  greatly  lessened;  so  also  could  the  admissions  from 
fever,  which  have  in  fact  been  already  reduced  from  60  to  22  per  1000  of 
strength.  The  large  class  of  integumentary  diseases  would  probably  admit  of 
reduction.  What  is  the  exact  nature  of  the  phlegmon  and  ulcers  which  form 
so  large  a  proportion  of  the  admissions  ?  Trifling  as  the  cases  are,  they  form 
a  large  aggregate,  and  a  careful  study  of  their  mode  of  production  might  show 
how  they  might  be  diminished.  Probably,  however,  these  are  mere  conven- 
tional terms,  under  which  a  number  of  trifling  cases  are  conveniently  recorded, 
but  a  complete  analysis  of  the  returns,  of  one  year  under  phlegmon  would  be 
desirable.     So  also  of  all  the  other  classes,  it  may  be  concluded  that  an  active 
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medical  officer  might  succeed  in  reducing  the  cases  of  rheumatism,  brbncliitia,' 
and  dyspepsia.*  Many  cases  of  acute  respiratory  diseases  are  produced  by 
exposure  on  guard,  especially  by  the  passage  into  and  from  the  hot  dose  air 
of  the  guard-room  to  die  open  air  on  sentry  duty.  Crood  additional  overcoatB, 
means  of  drying  the  clothes,  and  proper  ventilation  of  the  guard-rooms,  would 
probably  lessen  the  cases  of  bronchitis  and  pleurisy. 

Sickness  in  Military  Prisons, — The  adnussions  into  hospital  in  the  military 
prisons  do  not  appear  to  be  great;  they  have  varied  per  1000  of  admissions 
of  prisoners  from  316  (in  1851)  to  725*5  in  1863.t  Calculated  in  the  mean 
strength,  the  result  is  as  follows: — ^In  1863,  the  daily  average  number  of 
prisoners  were  1064 ;  the  admissions  for  sickness,  722 ;  the  mean  daily  sick, 
21 ;  the  mortaUty,  0.  These  numbers  give  725*5  admissions,  and  19*74 
mean  daily  sick  per  1000  of  strength  Prisoners  are  healthier  than  their 
comrades  at  duty  in  the  same  garrisons  where  the  prisoners  are  imdex 
sentence. 

SECTION  III. 

Such,  then,  being  the  amount  of  mortality  and  sickness  at  home,  it  may 
be  concluded  that  the  soldier  at  present  is  not  yet  in  so  good  a  condition  of 
physical  health  as  he  might  be ;  and  we  can  confidently  look  to  future  yeais 
as  likely  to  show  a  continuance  in  the  improvement  now  going  on.  In  futuie 
years,  however,  the  new  system  of  limited  service  will  render  it  difficult  to 
trace  the  progress  in  the  infantry. 

Health  is  so  inextricably  blended  with  all  actions  of  the  body  and  mind, 
that  the  medical  officers  must  consider  not  only  all  physical  but  all  mental 
and  moral  causes  acting  on  the  men  under  their  charge. 

The  amount  of  work,  the  time  it  occupies,  its  relation  to  the  quantity  of 
food,  the  degree  of  exhaustion  it  produces,  the  number  of  nights  in  bed,  and 
other  points  of  the  like  kind ;  the  mental  influences  interesting  the  soldier,  or 
depressing  him  from  ennui  ;  the  moral  effect  of  cheerfulness,  hope,  discontent 
and  despondency  upon  his  health,  as  well  as  the  supply  of  water,  air,  food, 
clothing,  &c,  must  be  taken  into  account  And  just  as  the  body  is 
ministered  to  in  all  these  ways,  so  should  there  be  ministration  of  the  mind. 
It  is  but  a  partial  view  which  looks  only  to  the  body  in  seeking  to  improvB 
health  ;  the  moral  conditions  are  not  less  important ;  without  contentment^ 
satisfaction,  cheerfulness,  and  hope,  there  is  no  health. 

Hygiene,  indeed,  should  aim  at  something  more  than  bodily  health,  and 
should  indicate  how  the  mental  and  moral  qualities,  essential  to  the  partdcukr 
calling  of  the  man,  can  be  best  developed. 

How  is  a  soldier  to  be  made  not  merely  healthy  and  vigorous,  but  courage- 
ous, hopeful,  and  enduring )  How,  in  fact,  can  we  best  cultivate  those  martial 
qualities  which  fit  him  to  endure  the  hardships,  vicissitudes,  and  dangers  of 
ti  career  so  chequered  and  perilous ) 

Without  attempting  to  analyse  the  complex  quality  called  courage — 
a  quality  arising  from  a  sense  of  duty,  or  love  of  emulation,  or  fear 
of  shame,  or  from^  physical  hardihood,  springing  from  familiarity  with 
and  contempt  of  danger, — it  may  well  be  believed  that  it  is  capable  of  being 
lessened  or  increased.  In  modem  armies,  there  is  not  only  little  attempt 
to  cultivate  courage  and  self-reliance,  but  the  custom  of  acting  together  in 

*  It  is  right,  however,  to  saj  that  no  medical  officer  ou^ht  to  sacrifice  his  men  in  the  sligbtert 
degree  for  the  purpose  of  appearing  to  have  a  small  sick  list  and  an  empty  ho8pital.  There  is 
a  temptation  in  that  direction  which  we  have  to  guard  against,  and  to  remember  that  the  oolj 
question  to  be  asked  is,  What  is  the  best  for  the  men?  not,  What  will  miJce  ^e  best  appeanaoe! 

•^  Report  on  Prisons  for  1863,  p.  24. 
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masses,  and  of  dependence  on  others,  actually  lessens  this.  It  is, 
then,  a  problem  of  great  interest  to  the  soldier  to  know  what  mental,  moral, 
and  physical  means  must  be  used  to  strengthen  the  martial  qualities  of  bold- 
ness and  fortitude. 

The  English  army  has  never  been  accused  of  want  of  courage,  and  the  idea 
of  pusillanimity  would  seem  impossible  to  the  race.  But  drunkenness  and 
debauchery  strike  at  the  very  roots  of  courage ;  and  no  army  ever  showed  the 
highest  amount  of  martial  qualities  when  it  permitted  these  two  vices  to  pre- 
vail* In  the  army  of  Marlborough,  the  best  governed  army  we  ever  had, 
and  the  most  uniformly  successful,  we  are  told  that  the  "  sot  and  the 
drunkard  were  the  objects  of  scorn."  To  make  an  army  perfectly  brave,  it 
must  be  made  temperate  and  chaste. 

Good  health  and  physical  strength,  by  increasing  self-confidence,  increase 
courage  ;  and  self-reliance  is  the  consequence  of  feeling  that,  under  all  cir- 
cumstances, we  can  face  the  dangers  and  difficulties  that  present  themselves. 

Few  wiser  words  were  ever  written  than  those  by  Wifliam  rergusson,t  at 
the  close  of  his  long  and  eventful  service. 

*^  Of  the  soldier's  life  within  these  barracks,"  writes  Fergusson,  "  there  is 
much  to  be  said,  and  much  to  be  amended.  To  take  his  guards,  to  cleanse 
his  arms,  and  attend  parade,  seems  to  comprehend  the  sum  total  of  his  exist- 
ence ;  amusement,  instruction  beyond  the  drill,  military  labour,  and  extension 
of  exercises,  would  appear,  until  very  recently,  to  be  unthought  of  ;  as  it  is 
impossible  that  the  above  duties  can  fully  occupy  his  time,  the  irksomeness 
of  idleness,  that  most  intolerable  of  all  miseries,  must  soon  overtake  him,  and 
he  will  be  driven  to  the  canteen  or  the  gin-shop  for  reliel 

'^  Labour  in  every  shape  seems  to  have  been  strictly  interdicted  to  the 
soldier,  as  water  for  his  drink.  All,  or  nearly  all,  must  have  been  bred  to 
some  trade  or  other  before  they  became  soldiers ;  but  they  are  work  for  them 
no  longer.  Labour  (the  labour  of  field-works  and  fortifications)  strengthens 
the  limbs  and  hardens  the  constitution,  but  that  is  never  thought  of  in  our 
military  life  at  home  ;  so  thought  not  the  ancient  Eomans,  whose  military 
highways  still  exist,  and  who  never  permitted  their  soldiers  to  grow  enervated 
in  idleness  during  peace.  Better,  surely,  would  it  be  that  every  one  should 
work  at  his  own  craft,  or  be  employed  on  the  public  works,  in  regulated  whole- 
some labour,  than  thus  to  spend  his  time  in  doth  ani  drunkenness.  But  his 
exercises,  without  even  going  beyond  the  barrack  premises,  may  be  made 
manifold — running,  wrestling,  gymnastic  games  of  every  kind,  swimming, 
leaping,  pitching  the  bar,  the  sword  exercise  (that  of  the  artillery),  all  that 
hardens  the  muscles  and  strengthens  the  limbs,  should  be  encouraged  ;  and 
when  the  weather  forbids  out-door  pastimes,  the  healthy  exercise  of  single- 
stick, in  giving  balance  and  power  to  the  body,  quickness  to  the  eye,  and 
vigour  to  the  arm,  may  properly  be  taken  as  a  substitute  for  the  drill  which, 
after  the  soldier  has  been  perfected  in  his  exercise,  is  always  felt  to  be  a 
punishment     So  is  the  unmeaning  evening  parade  and  perpetual  roll-calling. 

"  Foot-racing  too,  the  art  of  running,  so  httle  practised,  and  so  supremely 
useful,  should  be  held  amongst  the  qualities  that  constitute  military  excellence. 


*  There  are  many  sober  and  excellent  men  in  the  army.  But  as  a  rule,  the  English  soldier 
cannot  be  depended  upon  under  any  circumstances,  if  he  can  get  drink.  Well  doefl  Sir  Ranald 
Martin,  say,  "  Before  that  terrible  vice  can  be  overcome,  something  far  more  powerful  than 
medical  reasoning  on  facts,  or  the  warnings  of  experience  founded  on  them,  must  be  brought 
into  active  operation.  Discipline  must  still  further  alter  its  direction  : — in  pince  of  being  active 
only  to  punish  wrong,  it  ougnt  and  must  be  exerted  further  and  further  in  the  encouragement 
to  good  conduct.'*—  lianala  Afar  tin,  "  Tropical  ClimaUs/*  p.  268. 

t  Notes  and  Recollections  of  Professional  Life,  1846,  p.  49. 
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It  was  80  held  at  the  Isthmian  games  of  ancient  Greece,  and  deaeryes  a  better 
place  than  has  hitherto  been  assigned  to  it  in  the  military  pastimes  of  modem 
Britain.  In  onr  school-books  we  are  told  that  the  yonth  of  ancient  Vem 
were  taught  to  launch  the  javelin,  to  ride  the  war-horse,  and  to  speak  tiie 
trutL  Let  the  young  British  warrior  be  taught  to  use  his  limbs,  to  fin  lull- 
cartridge,  to  cook  his  provisions,  and  to  drink  water.  The  tuition  may  be 
less  classical,  but  it  will  stand  him  in  far  better  stead  during  eveiy  serrioe, 
whether  at  home  or  abroad 

"  Eegular  bodily  pleasurable  exercise  has  been  said  to  be  worth  a  host  of 
physicians  for  preserving  military  health ;  and  occupation  without  distresB  or 
fatigue  is  happiness.  &e  philosopher  can  make  no  more  of  it ;  and  eveiy 
idle  hour  is  an  hour  of  irksomeness,  and  every  idle  man  is,  and  mvd  be,  a 
vicious  man,  and  to  a  certain  extent  an  unhealthy  one." 

In  many  of  the  foreign  stations  of  the  British  army,  excellent  opportomtiee 
exist  for  both  occupying  the  men  and  developing  their  spirit  All  bistoij 
teaches  us  that  a  hunting  race  is  a  martial  ona  The  remarkable  fightmg 
qualities  of  the  English,  as  drawn  in  Froissarfs  **  Chronicles,"  were  owing  to 
the  fact  that  at  that  time  they  were  ''  a  nation  of  hunters,"  and  trained  bm 
infancy  to  face  dangers  alone.  In  India  there  are  many  places  where  meD 
could  not  only  be  allowed  to  hunt^  but  where  such  permission  would  be  the 
greatest  boon  to  the  inhabitants. 

The  English  army  has  hitherto  offered  but  few  incentives  to  good  condod, 
and  scanty  encouragement  for  the  cultivation  of  martial  qualities.  MemnuGl 
have  rewards,  and  feel  that  earnest  endeavour  on  their  part  to  become  in  all 
respects  better  soldiers  is  neither  overlooked  nor  unrewarded.  The  ner 
order  of  things  introduced  by  Lord  Cardwell  seems  likely  to  open  up  meana 
of  progress  for  men  who  can  acquire  knowledge  and  to  deserve  advanoemenk 

The  cultivation  of  the  martial  qualities  of  the  soldier  \b  in  reality  a  port  of 
hygiene  considered  in  its  largest  sense,  but  thia  part  of  hygiene  mnst  be 
studied  and  carried  into  effect  by  the  combatant  officers.  Let  us  trust  it  may 
not  be  long  before  they  seriously  study  and  endeavour,  by  precept  and 
example,  to  promoto  the  formation  of  those  habits  of  boldness  and  endiuanoe, 
and  that  fertility  in  resources,  which  are  as  necessary  as  technical  knovlB(i^ 
to  render  an  army  the  formidable  instrument  it  is  capable  of  becoming. 


CHAPTER   IV. 
FOREIGN    SERVICE. 

The  foreign  service  of  the  British  army  is  performed  in  every  part  of  the 
world,  and  in  almost  every  latitude,  and  probably  more  than  two-thirds  of 
each  line  soldier's  service  is  passed  abroad.  The  mere  enumeration  of  the 
stations  is  a  long  task ;  the  description  of  them  would  demand  a  large  voluma 
In  this  short  chapter,  to  give  a  few  general  statements  as  to  climate  and 
geology,  and  the  past  and  present  medical  history  of  the  stations,  only  can  be 
attempted;  such  an  outline  as  may  give  medical  officers  a  sort  of  brief 
summary  of  what  seems  most  important  to  be  known. 

Detailed  and  excellent  accounts  of  most  of  the  foreign  stations  exist,  either 
in  the  independent  works  of  army  surgeons,  such  as  those   of  Marshall, 
Hennen,  Davy,  and  many  others,  or  in  reports  drawn  up  for  Government,  and 
published  by  them.     In  the  early  Statistical  Eeports  of  the  Medical  Depart- 
ment of  the  army,  short  topographical  notices  of  the  stations  wwe  inserted ; 
they  are  models  of  what  such  reports  should  be,  and  must  have  been  drawn 
up  -by  a  master  in  the  art  of  condensation.     In  the  Annual  Eeports  now 
published,  many  excellent  topographical  descriptions  will  be  found ;  and  some 
of  the  Indian  Governments  have  published  complete  descriptions  of  all  their 
Btationa     In  the  "  Bombay  Transactions,"  the  "  Madras  Medical  Journal," 
and  the  "  Bengal  Indian  Annals,"  are  very  full  accounts  of  almost  every 
station  that  has  been,  or  is,  occupied  by  European  troops  in  India.     Finally, 
in  the  "  Indian  Sanitary  Report "  is  much  important  information  on  the 
meteorology  and  topography  of  the  present  Indian  stations.     Young  medical 
officers  first  entering  on  foreign  service  are  strongly  advised  to  study  these 
accounts  of  the  stations  in  the  command  where  they  are  serving ;  it  will  not 
only  give  them  interest  in  their  service,  but  will  aid  them  in  their  search  how 
best  to  meet  the  climatic  or  sanitary  conditions  which  affect  the  health  of  the 
men  under  their  charge. 

SECTION  I. 

MEDITERRANEAN  STATIONS.* 

Gibraltar. 

Usual  peace  garrison  =  4500  to  6000  men.  Period  of  service,  three  years. 
Civil  population  =18,696  (in  1876).  Height  of  rock,  1439  feet  at  highest 
point  Nature  of  rock,  grey  limestone,  with  many  cavities  filled  with  reddish 
clay  ;  under  town,  an  absorbent  red  earth  forms  the  subsoil 

Climate, — Mean  temperature  of  year  =  64*1  ;t  hottest  month,  August  (in- 
variably in  eight  years)* 76*6  ;  coldest  month,  either  January  or  February, 

*  A  very  important  Report  on  the  Mediterranean  Stations  has  been  published  by  the  Barrack 
Improvement  Commissioners  (Dr  Sutherland  and  Captain  Galton). — mtie  Book^  l868. 

f  Mean  of  eight  years'  observations  by  the  Royal  En^neers  (1853-60),  as  given  in  the  Bar- 
rack Commissioners'  Blue  Book  (1863).  The  numbers  given  by  Dove  are  rather  different,  viz., 
mean  of  year  66^.  Hottest  month,  July,  79°'5.  Coldest  month,  February,  66^*6.  Mean  yearly 
range,  22^*9.    Extreme  yearly  range,  about  50^ 

2b 
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in  equal  proportions,  53*77 ;  amplitude  of  the  yearly  fluctoatioii,  22'83 
( s  difference  between  hottest  and  coldest  months). 

Mean  monthly  maximum  and  minimum  in  shade* — ^hottest  month,  Jufy 
or  August — ^mean  maximum  =  89;  coldest  month,  December,  Januaiy,  or 
February — ^mean  minimum,  42*.  Bange  of  highest  and  lowest  monthly 
means  of  maximum  and  minimum,  47*.  Extreme  yearly  range  (difference 
between  highest  and  lowest  temperature  recorded  in  the  time)  aboat  50^  to 
f58*.  The  minimum  thermometer  on  grass  sometimes  faUs  to  4**  or  6**  belor 
freezing. 

Rainfcdl, — Mean  32 '8  inches  (mean  of  seventy  years,  1790— 1860). 
Greatest  amount  in  any  one  year,  7 5 '8  (1855).  Least  amount  in  anyone 
year,  15'1  (1800).  The  importance  of  this  great  variation,  as  regards  sieges, 
is  evident ;  Gibraltar  might  be  embarrassed  for  water,  if  the  rainfall  irere  on]j 
15  inches  in  a  year  of  siege. 

Number  of  Rainy  Days  =  68.  The  rain  is  therefore  infrequent,  but  heaTT. 
The  rain  falls  in  nine  months,  September  to  May;  greatest  amount  in 
January  and  November ;  most  rainy  days  in  April     Summer,  lainlesa. 

Humidity, 

Grains  of  Relathre 

Dcw-polnt.  Vapour  in  a  Hnmidiry 

cable  foot.  Sat,=10d. 

Mean  dew-point  of  year,  55*'9  5-75  72*3 

Mean  highest  dew-point  in )  g^o.g  fj,^  ^^^ 

August)   .        .         .        ) 

Lowest  dew-point  in  January  )  43* -5  3-95  fio-i 

or  February,    .         .        j 

Gibraltar  is  thus  seen  to  be  rather  a  dry  climate ;  at  any  rate,  the  air  is 
on  an  average  only  three  parts  saturated  with  moisture,  and  therefore  evapora- 
tion from  the  skin  and  lungs  wiU  be  tolerably  rapid,  provided  the  wind 
moves  freely.  It  is  certainly  not  a  moist  insular  climate,  as  might  have  been 
anticipated.  At  the  times  of  rain,  however,  and  during  fogs  and  moist 
sirocco,  the  air  is  nearly  saturated. 

Winds, — Chiefly  to  the  N.W.  or  S.W.  or  W.,  in  January,  April,  Mav, 
June,  and  October.  Easterly  in  July,  August,  and  September.  But  some- 
times the  easterly  winds  are  more  prevalent,  or  may  be  moderate  for  abno^ 
the  whole  year.  The  east  and  south-east  winds  are  sirocco  (Levanteroe),  aol 
are  often  accompanied  by  rain  and  fogs. 

Sanitary  Condiiiona, 

Water  Supply. — ^The  qtiantity  was  formerly  very  deficient ;  in  1861  oiJt 
2^  gallons  daily  were  supplied  for  non-commissioned  officers  and  privates. 

Sources. — Wells  and  tanks,  rain  water,  and  a  small  aqueduct  canyiiig 
surface  water.  Very  large  tanks  have  been  constructed  in  two  of  the  ravines, 
with  arrangements  for  passing  into  them  a  large  amount  of  surface  water: 
and  lately  fresh  wells  have  been  dug  at  the  north  end,  near  the  nenml 
ground,  which  yield  a  large  supply  of  good  water. 

Quality. — In  a  well  from  the  neutral  ground  analysed  by  Mr  Abel,  thae 
was  much  calcium  sulphate  and  nitrate  (4*5  and  6  grains  per  gallon),  aD>l 
calcium  carbonate  (12  grains  per  gallon),  also  alkaline  chlorides  (7  or  8  giainii. 

*  Of  the  eight  yean  (1S53-^)  given  in  the  report  above  auoted,  the  difference  between  th 
moutUy  mean  maximum  and  minimum  is  so  much  less  in  the  last  three  years,  as  to  make  a  e 
•UKpect  some  error  in  observation.  In  1875  the  mean  maziuium  in  Angost  was  87*4.  Hbt 
mean  minimum  in  January  bVi — ^range  36"* ;  absolute  maximum  91^  in  Angrmt,  aMsU 
miuimum,42  in  January— range  49^ 
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and  4  grains  of  organic  matter.*  A  tank  water  contained  less  lime,  but  much 
magnesium  carbonate.  A  well  water  in  the  town  contained  no  less  than 
39 '6  grains  of  calcium  nitrate,  and  15  grains  of  calcium  sulphate,  per  gallon. 
The  immense  amount  of  nitric  acid  points  unequivocally  to  the  oxidation  of 
animal  organic  matter.  The  tank  water  is  good  when  filtered ;  but  the  tanks 
require  frequent  inspection  and  cleaning. 

Many  of  the  houses  of  the  civilians  have  tanks,  and  no  new  house  is  allowed 
to  be  built  without  a  tank.  The  distribution  of  water,  both  to  soldiers  and 
civilians,  is  defective ;  it  is  almost  entirely  by  hand. 

Drainage. — ^The  sewers  are  at  present  being  much  improved.  A  new  out- 
fall near  Eosina  Bay  has  been  made,  and  the  whole  system  of  sewage  wUl  soon 

be  in  fair  order,  t 

Barracks. — More  than  half  the  garrison  is  in  casemates,  which  have  been 
described  as  "  mere  receptacles  of  foul  air,  damp,  dark,  and  unwholesome. ''{ 
The  barracks  are,  for  the  most  part,  badly  arranged,  and  are  overcrowded  ; 
the  average  cubic  space  in  1862  was  only  about  450  feet,  and  the  average 
superficial  space  under  40.  Ventilation  was  very  defective,  especially  in  the 
casematea  In  all  those  points,  however,  great  improvement  has  taken  place. 
The  means  of  ablution  are  defective.  Latrines  and  urinals  are  also  defective.§ 
The  duties  are  not  heavy,  and  the  rations  are  said  to  be  good.  In  1860  some 
improvements  were  made  in  the  dress  of  the  troops,  and  a  light  summer  suit 
ordered.  Flannel  next  the  skin  has  been  recommended  strongly  for  Gibraltar 
on  account  of  the  occasional  cold  winds. 

Health  of  the  Civil  Populaiion. 

Gibraltar  is  now  a  place  of  considerable  trade  ;  whether  the  Government 
have  been  right  in  allowing  a  mass  of  people  to  herd  closely  together  in  the 
midst  of  the  most  important  fortress  we  possess,  is  very  questionable.  In  case 
of  a  siege  they  would  be  a  serious  embarrassment,  and  even  in  time  of  peace 
they  are  objectionable.  The  health  of  this  community  is  bad  ;  in  1860,  the 
northern  district,  where  population  is  densest,  gave  38  deaths  per  1000,  or, 
excluding  cholera,  33*5  ;  in  the  more  thinly  populated  southern  end,  the 
mortality  was  27*5  per  1000,  or  more  than  St  Giles ',  in  London.  The  deaths 
in  children  under  one  year  form  17 '33  per  cent,  of  the  total  mortality.  The 
prevailing  causes  of  this  mortality  are  fevers  (in  all  probability  typhoid),  and 
tuberculous  consumption,  which  causes  13  per  cent  of  the  total  deaths  at  all 
ages,  or  37*6  per  cent  of  the  total  deaths  at  the  soldiers'  ages.  Dysentery 
and  diarrhoea  are  common. 

In  this  compressed  and  dirty  population  several  great  epidemics  have 
occurred.  The  bubo  plague  does  not  appear  to  have  been  seen  since  1649, 
but  the  earlier  records  are  very  imperfect ;  yellow  fever,  however,  prevailed 
in  1804,  1810,  1813,  and  1828.  Cholera  has  prevailed  several  times  ;  the 
last  time  was  in  1865. 

Health  of  the  Troops. 

Loss  of  Strength  by  Death  ami  Invaliding, 
(a)  By  Death. — ^Gibraltar  has  never  suffered  from  any  great  sickness  or 

*  Samples  from  the  wells  on  the  neutral  ground,  recently  analysed  at  Netley,  showed  a  great 
quantity  of  chlorides  and  excessive  hardness.     There  was  but  little  organic  matter. 

+  It  w  probably  completed  by  this  time. 

X  Barrack  Commissioners'  Report,  p.  87. 

§  All  these  points  are  noted  m  the  Barrack  Commissionen'  Be])ort,  and  are  in  process  of 
alteration ;  they  are  merely  referred  to  here  as  bearing  on  the  question  of  the  amount  and  pre- 
Yention  of  disease.  Plans  of  all  the  proposed  improvements  are  given  in  the  Commissioners' 
Report. 
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mortality,  except  in  yellow  fever  or  cholera  years.  At  the'  time  when  tlis 
mortality,  on  home  service  was  17  or  18  per  1000  of  strength,  it  was  usually 
not  more  than  12  at  Gibraltar.  Of  late  years  both  sickness  and  mortality 
has  been  below  that  of  home  service,  especially  in  the  latter  years.  In  spite 
of  this  comparative  healthiness,  it  is  quite  certain  that  much  preventabb 
disease  existed,  and  in  part  still  exists  on  the  Eock. 

Mortality  per  1000   of  Strength, 

Tears.  Total  Deaths. 

1837-46  (10  years),   ...    -  12-9         5-65 
1861-70  (10  years),*  ....     8-54 

1871, 6-87 

1875, 5-50 

The  last  years  are  placed  by  themselves  to  show  what  low  mortality  is  pos- 
sible among  soldiers,  and  what  in  all  probability  may  be  the  usual  amount  in 
future  years,  t 

Causes  of  Death — In  the  earlier  years  the  chief  causes  of  death  were 
phthisis  and  continued  fever,  which  was  doubtless  enteric  fever.  Of  late 
years  phthisis  has  declined  j  enteric  fever,  on  the  contrary,  increased  up  to 
1863,  has  since  then  declined  in  frequency,  though  not  in  fatality  i>er  cent  of 
attacked.  By  expressing  the  facts  as  per  cent,  of  deaths,  the  relation  will  be 
seen  clearly — 

In  100  Deaths  from  all  Causes. 

Tear..  Phthlai..  "^"^^^^^f^        ^^^^ 

1837-46,  .  .  41  17-65  9*28 

186a-66,.  .  .  16-84  28-94 

1867,        .  .  .  22-75  11-44 

1875,        .  .  .  23-10  2310 

Instead  of  expressing  the  facts  in  this  way,  they  may  be  put  in  anotbcT 
form.  The  admissions  from  phthisis  averaged  11  per  1000  of  strength  in 
the  ten  years,  1837-46,  while  in  the  eight  years,  1859-66,  they  were  only 
7*63.  In  the  years  1863-66  the  deaths  and  invaliding  together  from  phthisii? 
were  only  3*72  per  1000  of  strength,  or  hardly  more  than  the  deaths  alone  at 
home.  The  decline  in  phthisis  seems  therefore  certain,  and  the  diminution 
has  since  continued,  but  still  it  is  possible  that  it  is  not  even  now  so  low  sb 
it  might  be. 

The  continued  fevers  gave  75-5  admissions  per  1000  of  strength  in  the 
years  1837-46,  and  98-5  in  the  five  years  ending  1863.  There  was  also  as 
increase  in  mortality.  In  the  three  years  ending  1866  the  admissions  fell  to 
an  average  of  42,  and  the  decline  was  progressive.  In  1867  there  was  as 
increase  in  admissions,  owing  to  the  prevalence  of  a  mild  fever  very  like  tbe 
dengue  of  the  West  Indies.  In  1871  there  were  7  deaths  from  enteric  fevei, 
while  there  were  only  26  deaths  in  alLJ 

*  Cholera  prevailed  in  1865,  and  raised  the  mortality  to  2874.    Withoat  cholera  it  w&s  7'9L 

i*  Of  course  invaliding  has  an  effect,  but  the  invalids  who  died  at  Netley  are  included  in  Il» 
above  numbers. 

Even  this  mortality  is  more  than  is  necessary.  In  1866  there  were  15  deaths  ont  of  i5S5 
men.  Of  these,  3  from  typhoid,  and  therefore  preventable,  4  from  phthisis,  2  from  apoplexy, 
8  from  heart  disease,  1  from  aortic  aneurism,  1  from  asthma,  and  one  from  violence.  The  is- 
mense  relative  amount  of  disease  of  the  circulatory  organs  is  striking  ;  it  formed  26^6  per  oo^ 
of  tot«l  deaths  ;  and  in  each  of  the  three  preceding  years  there  had  been  8  deaths  under  the 
same  headings. 

X  Admissions  have  increased  in  the  last  few  years,  the  mean  being  64*9  per  1000.  for  tibt 
five  years  1869-74.  -o  *-  ,        ^ 
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During  the  last  few  years,  mucli  has  heen  done  in  Gibraltar,  to  give  the 
men  more  breathing  space  and  ventilation,  hence  the  decline  in  phthisis  which 
was  so  fatal  formerly  when  the  men  were  crowded  in  casemates.  When  their 
barracks  are  still  further  improved,  we  shall  see  a  still  greater  lessening  of 
phthisis.  The  water  supply  has  also  been  better  looked  after,  and  efi&cient 
drainage  has  been  commenced,  and  is  now  nearly  completed. 

The  prevalence  of  heart  diseases  is  a  striking  circumstance,  and  I  cannot 
but  believe  is  caused  by  the  same  conditions  as  at  home. 

The  habits  of  the  men  are  much  improved,  and  delirium  tremens,  formerly 
common,  is  rare.  In  1865  and  1866  only  one  man  died  in  two  years  from 
this  cause,  or  at  the  rate  of  scarcely  more  than  •!  per  1000  of  strength. 

Formerly  dysentery  and  diarrhoea  were  common ;  now  they  are  infrequent 
and  mild.  The  average  admissions  from  dysentery  in  three  years  (1864-66) 
were  only  2  per  1000 ;  in  1864  and  1866,  from  diarrhoea  were  only  12  per 
1000.* 

Everything  points  to  the  fact  that  Gibraltar  itself  is  a  perfectly  healthy 
place,  and,  that  when  the  sanitary  alterations  now  going  on  are  completed, 
the  sickness  and  mortality  will  be  trifling. 

The  influence  of  age  on  mortality  is  not  given  separately  for  Gibraltar,  and 
is  included  in  a  subsequent  table. 

(6)  By  Invaliding, — The  number  of  men  sent  home  for  change  of  air  and 
discharge  varies  greatly  from  year  to  year ;  about  20  to  30  per  1000  of 
strength  is  the  average.  The  chief  diseases  are  ophthalmia,  phthisis,  syphilis, 
and  cardiac  disease.  The  other  diseases  are  in  smaller  number,  but  are 
numerous.  Dysentery  and  liver  diseases  used  to  be  common  causes  of  in- 
validing, but  both  are  now  declioing. 

2.  Lo88  of  Service  by  Sickness, 

The  admissions,  the  mean  daily  sick,  and  the  duration  of  the  cases,  are  all 
below  the  home  standard. 

Per  1000  of  Strength, 


TBAB8. 

Admisaions  per 
Anuom. 

Mean  daily 
Sick. 

Mean  Stay  in 

Hospital  of  each 

Sick  Man  In  days. 

1837-56,       . 
1861-70,       . 
1865-74,       . 
1875,    . 

976 
742 
656-6 
620-9 

•  •  • 

86-57 
82-61 
88-86 

•  •  « 

18-39 
18-18 
22-55 

The  venereal  diseases  cause  fewer  admissions  than  at  home ;  the  average 
of  the  whole  venereal  class  is  only  about  120  per  1000.  For  syphilis  alone 
the  average  (1869-74)  is  only  51-8.  This  is  owing  to  the  police  regulation 
of  prostitutes.  Integumentary  diseases  cause  about  ^6  admissions  per  1000. 
"  Continued  fevers  "  caused  64*9  (1869-74),  and  in  1875,  90-6  admissions. 
Dysentery  and  diarrhoea  are  now  declining  from  the  former  average  of  58 
to  20  or  30  per  1000.  Digestive  disorders  give  a  large  number  of  admissions, 
and  have  always  done  so,  but  in  the  latest  returns  they  are  somewhat 
declining. 

Sanitary  Duties  at  Gibraltar. — Captain  Galton  and  Dr  Sutherland  have 
already  indicated  the  measures  which  must  be  adopted,  viz.,  a  better  supply 
of  water,  by  arranging  a  larger  storage ;  a  better  drainage,  with  sea  water  for 

*  Cholera  prevailed  in  1865,  so  I  have  left  that  year  out. 


630  FOREIGN  SERVICE. 

flushing,  and  a  different  outlet;  and  an  improved  ventilation,  with  lesB 
crowding  in  barracks.  All  the  plans  are  being  gradually  carried  out  There 
is  no  doubt  these  measures  will  greatly  improve  health. 

It  may  be  suggested  whether,  as  water  is  so  deficient,  a  removal  of  sewage 
by  hand  might  not  be  employed.  The  soil  might  be  used  for  cultivation  in 
the  neighbourhood  of  the  Eock,  or  carried  out  to  sea. 

Supposing  war  were  to  arise  at  this  moment,  and  that  we  lost  the  command 
of  the  sea  for  a  time,  the  points  of  danger  would  apparently  be  these  : — 

1.  Deficient  Water,  the  Rainfall  being  uncertain, — The  new  wells  near  the 
neutral  ground  will  perhaps  obviate  thia  danger ;  but  if  not,  it  wotdd  have  to 
be  supplied  by  distillation,  and  it  would  be  prudent  to  keep  a  good  apparatus 
always  at  Gibraltar.     The  amount  of  storage  has  been  increased  of  late  yeaiSL 

2.  Overcrowding,  and  Bad  Ventilation,  leading  to  Spotted  Typhus. — ^WiUi 
a  full  garrison,  and  with  some  barracks  untenable,  there  is  no  doubt  th^e 
would  be  serious  danger  of  this  disease ;  and  it  is  a  matter  of  great  moment  to 
ventilate  as  perfectly  as  possible  all  casemates  which,  even  if  now  disused, 
must  be  used  in  time  of  war. 

3.  Typhoid  Fever. — ^The  drainage  is  now  being  improved,  so  that  this  caitw 
of  danger  may  soon  be  entirely  removed. 

4.  Diseases  arising  in  the  Town,  and  spreading  to  the  Garrison, — In  case 
of  war,  it  would  seem  most  desirable  to  clear  out  the  native  town  as  far  as  H 
can  be  done.  More  space  and  more  water  would  be  availabla  There  would 
be  less  chance  of  famine,  destitution,  and  disease. 

In  the  war  in  1792,  scurvy  prevailed  from  deficiency  of  food  and  fredi 
vegetables. 

Malta. 

Size,  17  miles  by  8.  Usual  peace  garrison » 5000  to  7000;  period  of 
83rvice,  three  years ;  population  (civil)  in  1876=  149,270. 

Geology, — Soft,  porous  rock ;  the  greater  part  is  sandstone  resting  on  hard 
limestone ;  in  some  parts  there  is  marl  and  coral  limestone  over  the  sandatone. 
In  the  centre  of  the  island,  at  Citta-Vecchia,  there  is,  in  order  from  the 
surface,  alluvium,  upper  limestone,  red  sand,  marl,  sandstone,  and  lower 
limestone.  Valetta  is  on  thin  alluvium,  with  thick  sandstone  below,  and 
beneath  this  the  lower  limestone. 

Climate  {at  Valetta), — Mean  of  the  year,  68*  ;  hottest  month  (July),  77*; 
coldest  (January),  57' ;  amplitude  of  the  yearly  fluctuation,  20° ;  extreme 
yearly  range  (from  highest  to  lowest  temperature  in  shade),  62",  from  100'  in 
July  to  39*"  in  January ;  mean  yearly  range,  about  50' ;  extreme  monthly 
range  (i.e,,  from  highest  to  lowest  in  month),  about  26'  to  35.' 

Undulations  of  temperature  are  frequent,  and  there  are  often  cold  winds  in 
winter  from  N.W.  The  south-east  wind  is  an  oppressive  sirocco,  raising  the 
temperature  to  94'  or  95'.  It  is  chiefly  in  the  autumn,  and  blows  for  from 
60  to  80  days  every  year.  At  Citta-Vecchia  (600  feet  above  the  sea)  the 
temperature  is  lower  and  the  air  keener.  Eainfall  about  32  inches.  Chief 
rain  in  November,  December,  and  January ;  less  in  February  and  March ; 
small  in  amount  in  the  other  months.     From  June  to  August  almost  rainlesEL 

Humidity, — (Mean  of  1859-60);  observations  at  9.30  A.M..  and  3.30  p.ii. 

Gnini  of  i»«i.m— 

Dew-point  Vapour  In  a  iJrilSlL 

cnblc  foot  Hnmidity. 

Mean  of  year,     .         .         .60-5  5  87  62 

Highest  in  year  (Angust),    .     72*7  8*73 

Lowest  in  year  (February),  .     49  3*96 

Malta  thus  appears  to  be  a  dry  climate,  i,e.y  with  little  relative  humidity. 
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Sanitary  Condition, 

Much  has  been  done  of  late  years,  and^  as  far  as  external  cleanliness  goes, 
iTaletta  is  very  clean.  WatBr  supply  from  rain  and  springs  (the  largest  of 
vhich  is  in  the  centre  of  the  island,  and  the  waters  of  which  are  led  by 
iqueduct),  is  not  very  deficient  in  quantity  (8  to  10  gallons  par  head),  and, 
except  in  some  places,  good  in  quality,  though  the  rain-water  contains 
chlorides  from  the  spray  falling  on  the  roofs  of  buildings.  Some  of  the  tanks 
ure  too  near  the  sea,  which  percolates  into  them.  The  tanks  require,  however, 
careful  looking  after.  Within  the  lines  there  are  272  public  and  military 
;anks,  with  storage  for  55  millions  of  gallons,  and  4294  private  tanks,  with 
jtorage  for  323  millions  of  gallons.  The  military  tanks,  if  full,  would  give 
3  gallons  of  water  per  man  daily  for  eleven  months,  but  even  now  the  water 
)f  ten  falls  short  The  water  is  carried  everywhere  by  hand,  and  the  drinking 
ivater  for  the  men  is  not  filtered,  or  only  partially  so.  An  attempt  to  get 
wrater  by  sinking  into  the  sandstone  was  made  in  1866-67,  but  failed.  The 
sewers  in  Yaletta  are  bad  in  construction  and  outlet,  and  much  typhoid  has 
been,  and  is  still,  caused  in  consequence.  In  many  cases  ^'  they  are  nothing 
but  long  cesspoools."*  Pipe  drains  are,  however,  now  being  laid  in  the  old 
irains,  which  were  merely  narrow  deep  channels  cut  in  the  soft  porous  rock. 
The  old  style  of  drain  has  now  quite  ceased  to  exist  in  the  barracks. 

The  barracks  are  bad,  many  casemates  being  used,  and  buildings  which 
were  intended  for  stores  and  not  for  habitations.  They  are  built  of  soft 
sandstone,  which  both  crumbles  and  absorbs  wet  In  some  cases,  all  sanitary 
considerations  have  been  sacrificed  for  the  purposes  of  defence.  The  ventila- 
tion of  the  casemates  is  very  bad,  but  some  improvements  have  taken  place. 
The  Barrack  Commissioners,  in  their  Eeport,  recommended  that  in  every  way 
which  can  be  done  the  ventilation  should  be  improved  by  admitting  the  wind, 
especially  from  the  north,  and  that  each  barrack  will  require  a  separate  plan 
to  meet  the  particular  case.  They  recommend  that  air  shafts  shall  be  made, 
much  larger  than  ordered  for  home  service,  viz.,  1  square  inch  for  every  20 
cubic  feet  of  space,  or  for  a  barrack  of  twelve  men  with  regulation  space 
(7200  X  20  =  )  .360  square  inches  ( =  2  J  square  feet)  of  outlet  opening.  Some 
of  those  points  have  been  carried  out  with  very  good  results.  At  the  present 
time  the  amount  of  cubic  space  is  below  the  home  service  amount  (600  cubic 
feet),  and  the  superficial  area  is  very  small,  in  some  cases  being  as  low  as 
40  square  feet  per  head.  All  the  barracks  are  now  supplied  with  new  and 
remodelled  married  quarters,  with  proper  appliances. 

A  gymnasium  is  provided  both  in  Cottonera  and  Yaletta,  and  all  the 
barracks  are  well  provided  with  reading,  recreation,  and  school  rooma  The 
means  of  ablution  are  now  very  good  in  all  the  barracks,  and  there  are  new 
water  latrines  and  slate  or  earthenware  urinals  provided. 

We  may  therefore  hope  that  a  diminished  amount  of  disease  may  be  the 
result  of  these  improvements,  although  much  remains  to  be  done  to  make  the 
condition  of  the  troops  as  good  as  it  ought  to  be. 

Health  of  the  CivU  Pqpidation, 

There  is  some,  but  no  great  amount,  of  malarious  disease,  but  a  good  deal 
of  the  so-called  bilious  remittent,!  and  typhoid.  Typhus -is  not  at  present 
seen.  Bubo  plague  has  prevailed  seven  times,  the  last  in  1841,  slightly* 
Yellow  fever  has  been  known,  but  not  of  late  years.     Cholera  has  occurred 

*  Barrack  Commisaioners'  Report,  p.  111. 

t  See  Dr  Marston's  excellent  Report  in  the  Army  Medical  Report  for  1861,  forthe  svxnptomi 
»f  this  diseaae  among  troops.    Bee  also  Dr  Boileanrs  interesting  essay  in  the  same  publication 
rol.  viii. 
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thrice.  Dysentery  is  common ;  tcBnia  not  infrequent ;  ophthalmia  coiimi0B, 
from  dust  and  glare.  Boils  or  anthrax  are  frequent;  rheumatism  is  na 
uncommon,  and  phthisis  is  said  to  he  frequent  (from  dusti).  The  death  late 
is  said  to  he  21-3  per  1000  in  the  towns,  and  287  in  the  country  district; 
while  nearly  57^  per  cent  of  this  is  in  children  under  five  years,*  the  great 
causes  of  infantile  mortality  heing  registered  as  teething  and  convulsions. 

Health  of  the  Troops. 
The  health  of  the  troops  is  worse  than  at  Gibraltar,  hut  it  has  singularly 
fluctuated  (even  without  great  epidemics),  more  so  probably  than  at  any 
station  in  the  same  latitude.     The  mortality  has  varied  as  much  as  threefold 
without  cholera. 


Tbabb. 


1887-46,  .  .  .  ;  . 
1861-70  (10  years),  . 
1865-74  (10  years),      . 

1875, 

Highest  (1865,  cholera), 
Lowest  1864,     .     .     . 


Loss  of  fferength  per  1000  per 
Minum. 


•Total 
Deftthf. 


15-3 
13*49 
14-24 
10-48 
26-44 
6-58 


Death! 

from 

DlMaao. 


24-63 

4-58 


InTiIlding. 


22-2 

83-73 

24-92 


LoM  of  Serrice  per  1000  per 
annum. 


Ad]Bi»- 
slon& 


1120 
798-6 
828*4 
906-1 


Mean 
daUySick. 


48-79 
43-31 
41-66 
42*21 


Dars  in 

HoepMal  t» 

each  SidL  i 


19*81 
18*35 
17-84 


The  mortahty  in  1864  was  as  low  as  it  has  ever  heen ;  hut  it  has  in  former 
years  heen  as  low  as  5*6  from  disease  alone.  It  is  curious  how  altematioae 
of  health  and  sickness  occur  chiefly  from  the  variations  in  the  fevers  of 
difierent  kinds,  especially  enteric  (typhoid)  and  the  remittent  or  ao-called 
Malta  fever,  which  has  a  long  course,  a  great  tendency  to  rheumatic  sequel, 
and  little  mortality. 

In  1867  there  was  a  terrihle  outhreak  of  continued  fever,  chiefly  among 
the  troops  quartered  in  the  notoriously  unhealthy  harracks  of  Lower  St  Elmo 
and  Fort  KicasolL  The  admissions  rose  to  228,  and  the  deaths  actually 
amounted  to  no  less  than  7*93  per  1000  of  strengtL  Out  of  100  deaths  no 
less  than  32*2,  or  nearly  one-third,  were  from  "continued  fever,"  ue.,  enteiic 
fever  in  great  measure. 

In  former  years  phthisis  was  the  cause  of  39  per  cent  of  the  deaths,  or 
nearly  the  same  as  at  Gihraltar.  Latterly  there  have  heen  fewer  deaths  at 
Malta,  hut  a  considerahle  numher  of  tuhercukr  cases  are  sent  home.  The 
disease  is  prohahly  detected  earlier,  and  the  men  do  not  die  as  formerly  at  the 
station.  Still  this  does  not  account  for  the  whole  diminution,  and  there  has 
heen  clearly  a  lessening  of  phthisis.  There  was  formerly  a  large  amount  of 
stomach  and  howel  disease,  and  dysentery  was  forty  times  as  frequent  as  in 
England,  t  It  is  certainly  a  very  remarkahle  circumstance,  Uiat  both  at 
Gihraltar  and  Malta  there  should  have  heen  this  extraordinary  liability  to 
afiections  of  the  alimentary  canaL  At  Malta,  as  at  Gihraltar,  it  may  have 
been  chiefly  owing  to  impure  water  and  to  food  (Eeport  of  1853,  p.  118). 

*  Beport  of  Barrack  Commissioners,  p.  87.  The  Commissioners  justly  remoric  that  these 
figures  are  so  striking  as  to  demand  furtner  inquiry.  Probably  they  are  quite  untrustworthy ; 
vet  both  at  Gibraitu  and  Malta,  it  would  be  of  the  greatest  importance,  not  merely  for  the 
health  of  the  troope  in  peace,  but  for  the  security  of  tne  fortress  m  war,  to  know  everything 
about  the  social  life  ana  the  diseases  of  the  native  population. 

•f*  In  England,  in  1887-46,  every  1130  men  gave  one  case  of  dysentery ;  in  Malta,  in  the 
same  years,  every  twenty-eight  men  gave  one  case  of  dysentery.  The  mortaUty  of  the  diaease 
was^  however,  nearly  the  same  (see  pages  21  and  118  of  the  Beport  of  1853). 
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Of  late  years  stomacli  and  bowel  affections  have  been  less  frequent,  but  are 
still  more  common  than  at  home ;  in  1861,  the  89,000  men  on  home  service 
gave  only  67  cases  of  acute  dysentery,  and  no  deaths,  while  the  6000  men  at 
Malta  had  34  cases  and  2  deaths.  In  1864  there  were  3  deaths  from  acute 
dysentery  among  5654  men,  while  in  the  home  station  there  was  only  1  death 
among  73,252  men.  If  it  Jiad  been  equally  fatal  at  home,  there  would  have 
been  nearly  39  deaths. 

A  continued  fever  (which  was  probably  in  great  measure  typhoid)  has 
prevailed  more  or  less  for  the  last  forty  years  at  Malta,  and  doubtless  also 
before  that  time.  It  has  been  quite  as  prevalent  and  fatal  of  late  years  as 
formerly ;  in  1851  there  were  1413  admissions  out  of  a  garrison  of  5310 
men,  or  at  the  rate  of  one  man  in  every  four ;  and  the  deaths  from  fever 
were  44  out  of  96  total  deaths,  or  45*83  of  the  total  mortality.  In  1863 
there  were  844  admissions  and  21  deaths  out  of  a  garrison  of  5494  men. 
This  is  more  than  in  any  town  or  village  in  England.  In  1864  there  were 
1057  cases  and  6  deaths  out  of  a  garrison  of  5654  men.  In  1865  there  were 
1162  admissions  and  13  deaths  out  of  5323  men;  in  1866,  1031  admissions 
and  19  deaths  out  of  5202  men;  and  in  1875,  634  admissions  and  11  deaths 
out  of  4,506  men. 

In  the  Statistical  Eeport  for  1853,  it  is  observed  that  the  number  of  cases 
of  liver  disease  at  Malta  are  remarkably  high ;  and  the  writers,  while  believ- 
ing there  must  be  "  something  in  the  climate  of  Malta  peculiarly  favourable 
to  the  production  of  hepatic  affections,"  were  imable  to  find,  on  bringing  the 
cases  into  relation  with  the  temperature,  any  connection.  The  cause  of  this 
may  be  something  very  different,  and  it  is  very  desirable  that  the  food  should 
be  looked  to.  Tliere  is  a  suspicion  at  Ketley  (which  requires  a  few  years 
more  experience  to  test  it),  that  the  cases  of  echinococcus  of  the  liver  are  more 
frequent  in  men  from  the  Mediterranean  stations  than  others  (Dr  Maclean). 
The  case  of  Iceland  should  lead  us  to  look  into  this  point. 

The  history  of  admission  for  venereal  disease  is  important ;  in  1837-1846, 
inclusive,  the  admissions  were  only  99  per  1000,  or  two-thirds  less  than  at 
home ;  in  1859,  when  the  next  report  appeared,  they  were  149  per  1000; 
and  in  1860  they  were  147*9  per  1000.  In  the  early  period  there  were  police 
regulations,  which  were  suspended  in  the  two  latter  years.  In  June  1861 
the  police  regulations  were  re-enforced,  and  the  admissions  for  the  year  sank 
to  102.  The  4th  battalion  of  the  Eifle  Brigade  showed  the  following 
remarkable  result : — In  the  first  half  of  1861  there  were  57  admissions  ;  in 
the  last  half  only  17.  In  1862  the  total  number  of  cases  of  ^'enthetic 
disease  "  in  the  whole  garrison  were  only  49*5 ;  in  1863,  44*1 ;  and  in  1864, 
53*2  per  1000.  They  were  increased  in  that  year  by  the  women  who  came 
from  Ionia  with  the  troops.  In  1865  they  were  44 ;  in  1866,  69 '6  per  1000. 
In  1870  and  1871,  the  admissions  were  very  few ;  in  the  latter  year,  which 
was  the  worst,  the  admissions  of  primary  syphilis  were  only  8*3  per  1000  of 
strength.  If  the  home  return  is  looked  at,  it  will  be  seen  what  an  effect  has 
been  produced  at  Malta  by  good  regulations,  although  the  number  of  cases 
fluctuates  from  causes  traceable  to  special  influences ;  the  reduction  is  almost 
entirely  of  syphilis,  not  of  gonorrhoea  The  laige  number  of  admissions  from 
phlegmon  and  ulcers  is  as  striking  in  Malta  as  at  Gibraltar  and  at  home ;  and 
here  as  there,  these  are  probably  mere  conventional  terms.  Such,  then,  in 
brief,  seem  to  be  the  chief  medical  points  of  importance  at  Malta,  viz.,  a 
liability  to  phthisis,  less  marked  of  late  years  ;  a  great  amount  of  fever,  from 
bad  sanitary  conditions  in  great  part ;  a  liability  to  stomach  and  intestinal 
affections,  which,  though  less  obvious,  is  still  great,  and  a  singular  tendency 
to  a  liver  affection,  which  may  be  parasitic.     The  chief  improvements  advised 
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by  the  Barrack  ComxniBsionetB  refer  to  a  hagen  water  aapplj,  a  better  dis- 
tribation,  improved  drainage,  and  efficient  ventilation. 

In  time  of  war,  the  dangers  at  Malta  would  be  the  same  as  at  Gibraltar ; 
the  aqueducts  might  be  cut  by  a  besieging  force,  and  the  water  supply 
restricted  to  the  tanka*  Although  these  are  supposed  to  hold  a  large 
quantity,  they  are  not  kept  full,  and  could  not,  perhaps,  be  rapidly  filled. 
The  garrison  might  be  driven  to  distil  the  sea  water.  A  still  more  serious 
danger  woidd  be  the  overcrowding  of  a  war  garrison.  Doubtless,  in  case  of  a 
war,  the  garrison  would  only  be  concentrated  in  the  lines  when  the  siege 
commenced,  but  the  crowding  during  a  siege  of  three  or  six  months  might  be 
very  disastrous.  This  danger  should  be  provided  for  beforehand  by  a  clear 
recognition  of  what  accommodation  would  be  granted  for  war,  and  how  it  is 
to  be  obtained  without  violating  either  the  conditions  of  health  or  of  defence 

On  the  Influence  of  Age  on  Mortality  in  Gibraltar  and  Malta. 


Deaths  per  1000  of  Strength  at  each  Period. 

Under 
30. 

90-34. 

3ft-39. 

30-S4. 

S6-S». 

40  and 
oTer. 

1866-74    j 
(ten  years),  { 

1876, 

8-04 
1-97 

6-28 
6-61 

14*28 
6-61 

14-38 
11-80 

22-22 
11-56 

81-68 
16-74 

SECTION  IL 
WEST  INDIES. 

The  history  of  sanitary  science  affords  many  striking  instances  of  the 
Tomoval  of  disease  to  an  extent  almost  incredible,  but  no  instance  is  more 
wonderful  than  that  of  the  West  Indies.  Formerly,  service  in  the  West 
Indies  was  looked  on  as  almost  certain  death.  It  is  not  fifty  years  since  the 
usual  time  for  the  disappearance  of  a  regiment  1000  strong  was  five  yaaia 
Occasionally  in  a  single  year  a  regiment  would  lose  300  men,  and  there 
occurred  from  time  to  time  epochs  of  such  fatality  that  it  was  a  common 
opinion  that  some  wonderful  morbid  power,  returning  in  cycles  of  years — 
some  wave  of  poison — swept  over  the  devoted  islands,  as  sudden,  as  unlooked- 
for,  and  as  destructive,  as  the  hurricanes  which  so  sorely  plague  the 

"  Qolden  isles  set  in  the  sxlTer  sea." 

What  gave  countenance  to  this  hypothesis  was,  that  sometimes  for  months, 
or  even  for  a  year  together,  there  would  be  a  period  of  health  so  great  that  a 
regiment  would  hardly  lose  a  man.  But  another  fact  lees  noticed  was  not  so 
consistent  with  the  favourite  view.  In  the  very  worst  years  there  were  some 
stations  where  the  sickness  was  trifling ;  while,  more  wonderful  still,  in  the 
worst  stations,  and  in  the  worst  years,  there  were  instances  of  regiments 
remaining  comparatively  healthy,  while  their  neighbours  were  literally 
decimated.  And  there  occurred  also  instances  of  the  soldiers  dying  by  scores, 
while  the  health  of  the  civil  inhabitants  in  the  immediate  vicinity  remained 
as  usual 

If  anything  more  were  wanted  to  show  the  notion  of  an  epidemic  cycle  to 
be  a  mere  hypothesis,  the  recent  medical  history  of  the  West  Indies  would 
prove  it     At  present  this  dreaded  service  has  almost  lost  its  terrorsL     There 


*  Dr  Notter  has  lately  (1872)  analysed  fourteen  of  the  tank  waters  of  the  differant  tos^  and 
finds  the  condition  of  the  water  to  be  satisfactoiy. 
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still  occur  local  attacks  of  yellow  fever,  which  may  cause  a  great  mortality  ; 
but  for  these  local  causes  can  be  found ;  and  otherwise  the  stations  in  the 
West  Indies  can  now  show  a  degree  of  salubrity  almost  equalling,  in  some 
cases  surpassing,  that  of  the  home  service. 

The  causes  of  the  production,  and  the  reasons  of  the  cessation,  of  this  great 
mortality  are  found  to  be  most  simple.  It  is  precisely  the  same  lesson  which 
we  should  grow  weaiy  of  leanung  if  it  were  not  so  vital  to  m  The  simplest 
conditions  were  the  destructive  agents  in  the  West  Indies.  The  years  of  the 
cycles  of  disease  were  the  years  of  overcrowding,  when  military  exigencies 
demanded  that  large  garrisons  shpuld  hold  the  islands.  The  sanitary  condi- 
tions at  all  times  were,  without  exception,  infamous. 

There  was  a  great  mortality  from  scorbutic  dysentery,  which  was  almost 
entirely  owing  to  diet*  Up  to  within  a  comparatively  late  date,  the  troops 
were  fed  on  salt  meat  three,  and  sometimes  five,  days  a  week,  and  the  supply 
of  fresh  vegetables  was  scanty.  It  required  all  the  influence  of  Lord  Howick, 
the  then  Secretary  at  War,  to  cause  fresh  meat  to  be  issued,  though  it  had 
been  pointed  out  by  successive  races  of  medical  ofi&cers  that  fresh  meat  was 
not  only  more  wholesome,  but  was  actually  cheaper.  The  result  of  an 
improvement  in  the  diet  was  marvellous ;  the  scorbutic  dysentery  at  onoe 
lessened,  and  the  same  amount  of  mortality  from  this  cause  is  now  never  seen. 
Another  cause  of  dysentery  was  to  be  found  in  the  water,  which  was  impure 
from  being  drawn  from  calcareous  strata,  or  was  turbid  and  loaded  with  sedi- 
ment The  substitution  of  rain  water  has  sufficed  in  some  stations  to  remove 
the  last  traces  of  dysentery. 

If  the  food  and  water  were  bad,  the  air  was  not  less  so.  Sir  Alexander 
Tulloch  has  given  a  picture  of  a  single  barrack  at  Tobago,  said  to  be  the  ^'  best 
in  the  whole  Windward  and  Leeward  Command,''!  the  figures  of  which  tell 
their  own  tale. 

Barrack  at  Tobago  in  1826. — Superficial  space  per  man,  22^  feet;  breadth, 
23  inches  ;  cubic  space,  250  feet 

The  men  slept  in  hammocks,  touching  each  other.  In  these  barracks, 
crowded  as  no  barracks  were  even  in  the  coldest  climates,  there  was  not  a 
single  ventilating  opening  except  the  doors  and  windows ;  the  air  was  foetid 
in  the  highest  degree.  With  this  condition  of  atmosphere,  it  is  impossible 
not  to  bring  into  connection  the  extraordinary  amount  of  phthisis  which  pre- 
vailed in  the  soft  and  equable  climate  of  the  West  Indies.  There  was  more 
phthisis  than  in  England,  and  far  more  than  in  Canada.  The  first  great  im- 
provement was  made  in  1827,  when  iron  bedsteads  being  introduced,  each 
3  feet  3  inches  wide,  greater  space  was  obliged  to  be  given  to  each  man. 

Every  arrangement  for  removal  of  sewage  was  barbarous,  and  in  every 
barrack  sewage  accumulated  round  the  buildings,  and  was  exposed  to  heat  and 
air.  When  yellow  fever  attacked  a  regiment,  every  stool  and  evacuation  was 
thrown  into  the  cesspools  common  to  all  the  regiment ;  and  in  this  way  the 
disease  was  propagated  with  great  rapidity,  and  was  localised  in  a  most  singu- 
lar manner,  so  that  a  few  hundred  yards  from  a  barrack,  where  men  were 
dying  by  scores,  there  would  be  no  case  of  fever.  In  spite  of  this,  it  was 
many  years  before  the  plan  of  at  once  evacuating  a  barrack  where  yellow 
fever  prevailed  was  adopted. 

The  barracks  themselves  were  usually  very  badly  constructed,  and  when  in 
some  cases  the  architects  had  raised  the  barracks  on  arches  from  the  ground, 

*  This  is  pointed  out  in  the  Statistical  Report  (1888)  on  the  West  Indies,  by  Tulloch  and 
Balfour ;  and  it  is  believed  that  the  improvement  in  the  diet  was  in  a  great  measure  owing  to 
these  gentlemen. 

t  Report,  1838, 


636  FOREIGN  SERVICE. 

in  order  to  insure  perflation  of  air  below  the  buildings,  tbe  arches  were 
blocked  up  or  converted  into  store-rooms ;  and  the  barracks,  with  spaces  thus 
filled  with  stagnant  air  beneath  them,  were  more  unhealthy  than  if  they  had 
been  planted  on  the  ground 

The  localities  for  barracks  were  often  chosen  without  consideration,  or  for 
military  reasons,*  into  which  no  consideration  of  health  entered.  Almost  all 
were  on  the  plains,  near  the  mercantile  towns,  where  the  soil  was  most 
malarious,  and  the  climate  hottest  and  most  enervating.  Malarious  feyeis 
were,  therefore,  common. 

To  all  these  causes  of  diseases  were  added  the  errors  of  the  men  themselvea 
For  the  officers  there  existed,  in  the  old  slave  times,  the  greatest  temptation.  A 
reckless  and  dangerous  hospitality  reigned  everjrwere  ;  the  houses  of  the  rich 
planters  were  open  to  all  A  man  was  deemed  churlish  who  did  not  welcome 
every  comer  with  a  full  wine,  or  more  often  a  brandy,  cup. 

In  a  climate  where  healthy  physical  exertion  was  deemed  impossible,  or 
was  at  any  rate  distasteful,  it  was  held  to  be  indispensable  to  eat  largely  to 
maintain  the  strength.  To  take  two  breakfasts,  each  a  substantial  meal,  was 
the  usual  custom  ;  a  heavy  late  dinner,  frequently  followed  by  a  supper,  suc- 
ceeded ;  and  to  spur  the  reluctant  appetite,  glasses  of  bitters  and  spirits  were 
taken  before  meals. 

The  private  soldiers  obtained  without  difficulty  abundance  of  cheap  rum, 
which  was  often  poisoned  with  lead.  Drunkenness  was  almost  universal,  and 
the  deaths  from  delirium  tremens  were  frequent  and  awfully  sudden.  The 
salt  meat  they  were  obliged  to  eat  caused  a  raging  thirst,  which  the  mm  bottle 
in  reality  only  aggravated. 

To  us  these  numerous  causes  seem  sufficient  to  account  for  everything,  but 
in  former  days  an  easier  explanation  was  given.  It  was  held  to  be  the 
climate  ;  and  the  climate,  as  in  other  parts  of  the  world  besides  the  West 
Indies,  became  the  convenient  excuse  for  pleasurable  follies  and  agreeable 
vices.  In  order  to  do  away  with  the  effects  of  this  dreaded  climate,  some 
mysterious  power  of  acclimatisation  was  invoked.  The  European  system  re- 
quired time  to  get  accustomed,  it  was  thought,  to  these  climatic  influences, 
and  in  order  to  quicken  the  process  various  measures  were  proposed.  At  one 
time  it  was  the  custom  to  bleed  the  men  on  the  voyage,  so  that  their  European 
blood  might  be  removed,  and  the  fresh  blood  which  was  made  might  he  of 
the  kind  most  germane  to  the  West  Indies.  At  other  times  an  attack  of  fever 
(often  brought  on  by  reckless  drinking  and  exposure)  was  considered  the  grand 
preservative,  and  the  seasoning  fever  was  looked  for  with  anxiety.  The  first 
statistical  report  of  the  army  swept  away  all  these  fancies,  and  showed  conclu- 
sively that  instead  of  prolonged  residence  producing  acclimatisation  and  l^sen- 
ing  disease,  disease  and  mortality  increased  regularly  with  every  year  of 
residence. 

The  progress  of  years  has  given  us  a  different  key  to  all  these  resulta  It 
is  now  fully  recognised  that  in  the  West  Indies,  as  elsewhere,  the  same  cus- 


*  The  history  of  the  old  St  James's  Barracks  in  Trinidad  is  too  remarkable  to  be 
OTer.  It  was  determined  to  build  a  strong  fort— a  second  Gibraltar— on  the  lower  spors'of  th« 
hills  overlooking  the  plain  where  the  barracks  now  stand.  When  the  works  had  been  canied 
on  for  some  time,  it  was  discovered  that  they  could  not  hold  the  troops.  The  barracks  were 
then  ordered  to  be  placed  on  the  plain,  under  cover  of  the  guns  of  the  fort  Before  the  fort 
was  quite  finished,  it  was  found  to  oe  so  unhealthy  that  neither  white  or  black  men  could  Hn 
there,  and  it  was  abandoned.  The  burack,  it  is  said,  was  not  then  commenced ;  yet,  though 
the  reason  for  placing  it  in  that  spot  had  gone,  it  was  still  built  there,  on  a  piece  of  grond 
near  two  marshes  (Cocorite  and  the  Great  Western  Marsh),  below  the  ^ueral  level  of  tht 
plain,  and  exposed  to  the  winds  firom  the  gullies  of  the  neighbouring  hills.  Tet  this  bid 
position,  so  fruitful  of  disease,  was  in  reality  less  iiy'urious  than  the  bad  local  sanitary  amogb- 
ments  of  the  old  St  James's  Barrack  itsell'. 
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toms  will  insure  the  same  results.  Apart  from  malaria,  we  hold  our  health 
and  life  almost  at  will  The  amount  of  sickness  has  immensely  decreased  ; 
occasionally  in  some  stations  which  used  to  he  very  fatal  (as  at  Trinidad)  there 
has  not  been  a  single  death  in  a  year  among  200  men.  Among  the  measures 
which  have  wrought  such  marvels  in  the  West  Indies  have  been — 

1.  A  better  supply  of  food  ;  good  fresh  meat  is  now  issued,  and  vegetables, 
of  which  there  is  an  abundance  everywhere. 

2.  Better  water. 

3.  More  room  in  barracks,  thoug^h  the  amount  of  cubic  space  is  still  small 

4.  Eemoval  of  some  of  the  stations  from  the  plains  to  the  hills  ;  a  measure 
which  has  done  great  good,  but  which  can  explain  only  a  portion  of  the  im- 
provement The  proper  height  to  locate  troops  is  by  most  army  surgeons 
considered  to  be  at  some  point  above  2500  feet 

5.  Better  sewage  arrangements,  and  more  attention  generally  to  sanitary 
conservancy. 

6.  A  more  regular  and  temperate  life,  both  in  eating  and  drinking,  on  the 
part  both  of  officers  and  men. 

7.  The  occupancy  of  the  unhealthy  places,  when  retained  as  stations,  by 
black  troops. 

8.  A  better  dress.  It  is  only,  however,  within  the  last  few  years  that  a 
more  suitable  dress  has,  at  the  instance  of  the  late  Director-General,  Sir  J.  B. 
Gibson,  been  provided  for  the  West  Indian  Islands. 

The  army  stations  in  the  West  Indies  are,  Jamaica,  Barbadoes,  Trinidad, 
St  Vincent ;  the  last  three  being  included  in  the  term  "  Windward  and 
Leeward  Command."  British  Guiana,  on  the  mainland,  is  part  of  this  com- 
mand. There  are  small  parties  of  artillery  and  some  black  troops  in  Honduras 
and  the  Bahamas. 

The  period  of  service  is  now  three  or  four  years ;  formerly  it  was  eleven  or 
twelve,  but  this  was  altered  after  the  first  statistical  report  Usually  the 
Mediterranean  regiments  pass  on  to  the  West  Indies,  and  subsequently  to 
Canada.  The  total  number  of  men  serving  in  the  West  Indies  is  now  very 
smalL 

The  proper  time  for  arriving  in  the  West  Indies  is  in  the  beginning  of  the 
cold  season,  viz,  about  the  beginning  of  December,  when  the  hurricanes  and 
autumnal  rains  are  usually  over. 

Jamaica. 

Present  strength  of  white  garrison,  300  to  400 ;  black  troops,  700  to  800. 
Population  of  Island  at  last  census,  506,514.  A  range  of  lofty  hills  (Blue 
Mountains)  divides  Jamaica  into  two  parts,  connected  by  a  few  passes.  The 
troops  were  formerly  stationed  chiefly  in  the  south  plains,  at  Kingston 
(30,000  inhabitants),  Port-Eoyal,  Spanish  Town,  Up-Park  Camp,  Fort- 
Augusta,  &c.  After  the  Maroon  war  in  1795  some  troops  were  stationed  at 
Maroon  Town  (2000  feet  above  the  sea)  on  the  north  side,  and  at  Montego 
Bay.  Subsequently  Stoney  Hill  (1380  feet  above  the  sea),  at  the  mouth  of 
one  of  the  passes,  was  occupied. 

Since  1842  some,  and  now  nearly  all  the  troops,  are  at  Newcastle,  in  the 
hills,  4000  feet  above  the  sea,  with  detachments  at  Kingston  and  Port-EoyaL 
The  other  stations  are  now  disused  for  white  troop&  The  sanitary  condition 
at  Newcastle  was  formerly  not  good ;  the  sewage  arrangements  were  very 
imperfect ;  it  is  now  somewhat  improved. 

Climate, — ^The  climate  is  very  different  at  the  different  stations.  At 
Kingston  (sea-level) — ^temperature,  mean  of  year » 7 8*" '0;  hottest  month, 
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July,  mean  =  81 ''•71 ;  coldest  month,  January,  mean  =  75**65  ;  mean  yeariy 
fluctuation  =  6^*06.  Undulations  trifling.  The  climate  is  limited  and 
equable.  At  Newcastle  the  mean  annual  temperature  is  about  66** ;  hottest 
month,  August  =  67''*75  ;  coldest  month,  February  =  61'.  The  diurnal  range 
is  considerable,  but  the  annual  fluctuation  is  trifling  (about  6°).  The  mean 
of  the  year  is  therefore  much  lower  than  on  the  plains ;  the  amplitude  of  the 
yearly  fluctuation  about  the  same  ;  the  diurnal  change  greater. 

Humidity, — This  is  considerable  in  the  plains — often  from  80  to  90  per 
cent  of  saturation  =  7  to  9  grains  of  vapour  in  a  cubic  foot  At  Newca^e 
the  mean  yearly  dew-point  is  about  60"* ;  the  amount  of  vapour  in  a  cubic  foot 
of  air  is  5*77  ;  the  mean  yearly  relative  humidity  is  68  per  cent  of  saturation. 

Rain. — Amount  on  the  plains  =  50  to  60  inches,  in  spring  and  autumn, 
viz.,  April  and  May,  and  October  and  November.    Showers  in  July  and  August 

Winds, — ^Tolerably  regular  land  winds  at  night,  and  sea  breezes  in  the 
hot  and  dry  months  during  the  heat  of  the  day.  The  central  chain  of 
mountains  turns  the  north-east  trade  wind,  so  that  it  reaches  the  south  side 
diverted  from  its  course  ;  from  December  to  February  the  wind  is  often  from 
the  north,  and  brings  rain  and  fogs  (''  wet  northers  ").  The  south-east  wind 
in  April  and  May  \a  very  moist  The  hurricane  months  are  from  the  end  of 
July  to  the  beginning  of  November.  The  climate  in  the  plains  is  therefore 
hot,  equable,  and  humid. 

Health  of  the  Black  Civil  Populaiion. 

Of  the  specific  diseases,  smallpox  and  the  other  exanthemata  are  common. 
Spotted  typhus  is  said  to  be  unknown ;  typhoid  is  said  to  be  uncommon,  hat 
is  probably  more  common  than  is  suppoised.  Influenza  has  prevailed  at  times, 
and  also  the  so-called  dandy  or  polka  (Dengue).  Cholera  has  prevailed 
severely.  Malarious  fever  is  common  over  the  whole  of  the  south  plains. 
Yellow  fevei  is  common,  though  less  frequent  and  severe  among  the  blacks 
than  the  whites.  Dysentery  is  common,  though  it  has  always  been  less 
frequent  than  among  the  troops.  Organic  heart  disease  is  frequent.  Liver 
diseases  are  uncommon.  Spleen  disease,  in  the  form  of  leucocythsemia,  is 
common  among  the  blacks  (Smarda).  Gout  is  said  to  be  frequent^  and 
scrofula  and  rickets  te  be  infrequent  Syphilis  is  not  common,  but  gonoTrho» 
is.  Cancroid  of  the  skin  and  elephantiasis  of  the  Arabs  (Pachydermia)  are 
common.     Leprosy  is  also  seen. 

Health  of  the  Troope. 

In  the  years  1790-93  the  annual  mortality  of  the  white  troops  varied  in 
the  diiferent  stations  from  111  (Montego  Bay)  to  15*7  per  1000  of  strength  at 
Stoney  Hill  (1380  feet  above  sea-level).  In  the  years  1794-97  the  mortality 
was  much  greater  ;  the  most  unhealthy  regiment  in  the  plains  lost  333  ;  the 
most  healthy,  45 '4  per  1000  of  strength ;  at  the  hill  station  of  Maroon  Town 
(2000  feet),  the  mortelity  was,  however,  only  15*6  per  1000.  In  the  yeara 
1817-36  the  mean  mortelity  was  121*3;  the  mean  of  the  four  healUiiest 
years  gave  67,  and  of  the  four  unhealthiest  years  259  per  1000.  The  caus^ 
of  death  in  these  twenty  years  were — 

Fevers 101-9  per  1000  of  strength. 


Lung  diseases, 
Bowel  complainte, 
Brain  disease,  . 
Liver  diseases, 
Other  complaints, 


7-5 
5  1 
2-6 
1 
3-2 

121-3 
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The  admissions  in  these  years  were  1812  per  1000  of  strength.  In 
1837-55  the  following  were  the  mean  results : — Mortality  per  1000  of 
strength — ^white  troops,  60*8  ;  black  troops,  38 '2.  Admissions  per  1000 — 
white  troops,  1371 ;  black  troops,  784.  So  that  the  mortality  had  declined 
one-half. 

In  1864  the  mortality  was  much  below  the  home  standard.  In  1867  it  ran 
up  nearly  to  the  old  amount,  from  the  prevalence  of  yellow  fever,  which  in 
that  year  prevailed  again  in  Newcastle,  and  caused  a  greater  loss  than  it  had 
done  in  1860.     At  present  the  statistics  of  the  white  troops  are — 


1861-70  (10  yeara),     . 

1871,   

Highest  in  1867,     .     . 

Lowest  in  1864,      .     . 

In  1875  the  death  rate 

was, 


Loos  of  Strenffth  per  1000  per 
Annum. 


Total 
Deaths. 


20-86 

18-61 

71-09 

7-86 

12-99 


Deaths 

from 

Disease. 


18-51 

69-80 

5*88 


Inralids. 


27-6 
30-4 
45-91 


Loss  of  Service  per  1000  per 
Annum. 


Admfs- 
sfons. 


980-8 
1192*9 


I    Days  In 
Mean      Hospital  in 
Daily  Siek.   each  Sick 
I      5tun. 


40-63 
32-43 
78*95 


16-10 
15-17 
21-95 


An  increase  in  admissions  and  mortality  occurred  in  1865  and  1866,  owing 
to  the  exposure  of  the  troops  in  the  time  of  the  negro  disturhances,  and  their 
subsequent  partial  location  on  the  plains. 

Before  this  period  Jamaica  contrasted  favourably  even  with  home  service, 
and  particularly  so  with  India. 

A  decrease  of  admissions  in  1859-64  was  chiefly  owing  to  the  compara- 
tively small  number  of  cases  of  paroxysmal  disease ;  a  decline  consequent  on 
the  removal  of  most  of  the  troops  from  the  plains  (in  1859  Newcastle  gave 
29*1  admissions,  and  Port-Eoyal,  on  the  plain,  443*5  per  1000  of  strength, 
from  malarious  disease).  In  1863  some  white  troops  were  sent  to  Up-Park 
Camp,  and  furnished  a  large  number  of  malarious  cases  (547*6  admissions  per 
1000  of  strength),  while  at  Newcastle  they  were  only  48  per  1000.  The 
decrease  in  the  mortality  in  the  years  1859-64  was  owing  to  lessened  fever 
and  dysentery.  Among  the  black  troops  there  is  now  greater  sickness  and 
mortality  than  among  the  whites ;  the  mortality  in  1837-55  was  38*2  per 
1000;  in  1859-65  it  was  27*33;  in  1866,  23*03  per  1000;  in  1875  it 
was  only  14*67.  There  is  among  these  troops  a  large  mortality  from 
paroxysmal  fevers,  phthisis,  and  diseases  of  the  alimentary  canal ;  and  it  is 
evident  that  their  condition  requires  a  close  examination. 

The  mortality  of  the  white  troops  shows  a  marked  increase  with  age. 

The  following  seem  to  be  the  most  important  points  connected  with  the 
white  troops  which  require  notica 

It  is  impossible  to  avoid  paroxysmal  fevers  without  placing  all  the  troops 
in  the  hills,  and  it  is  very  desirable  Newcastle  should  be  made  the  only 
station  for  white  troops. 

The  possibility  of  yellow  fever  occurring  at  an  elevation  of  4000  feet  was 
shown  by  the  appearance  of  yellow  fever  at  Newcastle  in  1860  and  1867.  In 
1860  occurred  the  remarkable  instances  of  contagion  on  board  the  ships 
**  Icarus  "  and  "  Imaum  "  described  by  Dr  Bryson.  Whether  yellow  fever 
vas  imported  into  Newcastle  or  not  was  |t  subject  of  discussion ;  it  certainly 
appears  probable  that  it  was  carried  there  ;  but  the  important  point  for  us  is 
that  mere  elevation  is  not  a  perfect  security.     There  were,  however,  only  a 
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small  number  of  cases.     In  1867,  when  yellow  fever  again  appeared  at 
Newcastle,  it  was  imported,  apparently,  from  Kingston  and  Up-Park  Camji 

In  the  returns  for  a  number  of  years,  cases  were  returned  as  '^  continued 
fever;"  it  had  never  been  clearly  made  out  whelher  or  not  these  were  casei 
of  typhoid  fever  until  1873-4,  when  a  sharp  epidemic  occurred  at  New- 
castle. 

Formerly  there  was  a  large  number  of  cases  of  phthisis ;  phthisis  is  nov 
uncommon;  in  1817-36  lung  diseases  (almost  entirely  phthisis)  caused  7*5 
deaths  per  1000  of  strength,  or  more  than  in  England.  In  1859-66  the  ratio 
was  only  1'42  per  1000  of  strength  ;  and  in  1861,  out  of  636  men  tliere  was 
not  a  single  death,  though  four  men  were  sent  home  with  consumption-  In 
1865  there  was  no  death  ;  eight  men  were  sent  home. 

At  Newcastle  there  occurred  for  some  years  an  excess  of  affections  of  the 
alimentary  canal,  chiefly  indigestion  ;  at  present  these  have  lessened,  but  it 
would  be  important  to  make  out  the  cause.  In  1860  there  was  not  a  single 
admission  from  dysentery  at  any  station. 

In  the  worst  times  in  Jamaica  it  was  always  remarked  that  there  was  rather 
a  singular  exemption  from  acute  liver  disease  ;  very  few  cases  appear  in  the 
rsturns  under  hepatitis  ;  whether  this  is  a  matter  of  diagnosis,  or  whether 
there  was  really  an  immunity  compared  with  India  or  the  Mauritius,  is  a 
question  of  great  interest  which  cannot  now  be  solved  At  present^  liver 
disease  unconnected  with  drinking  is  uncommon. 

There  is  still  too  much  drinking,  and  the  medical  officers  have  strongly 
advised  the  issue  of  beer  instead  of  the  daily  dram. 

Venereal  diseases  have  never  prevailed  much  in  Jamaica ;  they  have  caused, 
on  an  average,  from  70  to  90  admissions  per  1000  of  strength.  In  1862  tiieie 
were  only  47  admissions  per  1000  of  strength.  On  an  average  in  1869-65, 
enthetic  diseases  gave  118  admissions  per  1000.  This  is  owing  to  the  connec- 
tion usually  formed  between  the  black  women  and  the  soldiers,  and  to  a 
lessened  amount  of  promiscuous  intercourse. 

The  history  of  the  years  1865-67  shows  that  the  greatest  care  and  the  mo^ 
judicious  arrangement  of  the  men  is  necessary  to  guard  against  a  recurrence  of 
the  old  evils. 

The  black  troops  give  a  mortality  of  24*6  per  1000  (mean  of  10  years, 
1861-70),  especially  from  phthisis. 

Trinidad. 

Strength  of  garrison,  200  men.     Civil  population  (in  1871)  about  110,000. 

Geology. — Tertiary  formation  of  Miocene  age  ;  central  range  of  hills  is  an 
indurated  formation  of  Cretaceous  age ;  the  northern  littoral  range  consists  of 
micaceous  slates,  sandstones,  limestones,  and  shales.  The  highest  hill  is  3012 
feet ;  the  central  hill  (Tamana)  is  1025  ;  y^^th  of  the  island  is  swampy. 

Climate. — Temperature  of  the  plains  :  Mean  of  year  about  79"  "3  ;  coldest 
month,  January  =  78**  ;  hottest  month,  May  =  81**5  ;  next  hottest^  October = 
80** '4.  Mean  annual  fluctuation,  3' '5.  The  climate  is  therefore  very  equable 
and  limited.  There  are,  however,  cold  winds  from  the  hills  blowing  ov^ 
small  areas. 

Hiigromdry. — Mean  dew-point,  75**1  ;  mean  relative  humidity  =  81  per 
cent  of  saturation ;  mean  weight  of  vapour  in  a  cubic  foot  =  9 '4  grains ;  most 
humid  month  is  May,  as  far  as  the  amount  of  vapour  is  concerned.  Month 
with  greatest  relative  humidity,  August 

Wind^  from  east  to  north-east  and  south-east  West  winds  rare,  and 
oppressive. 

Rain  on  the  Plains  about  60  or  70  inches.     Greatest  rainfall  in  one  day. 
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4*67  inchea     Dry  season,  December  to  May.     June  and  July  showery. 
Heavy  lain  in  August,  September,  and  Octob^. 

Sanitary  Condition. — St  James'  Barrack  is  on  a  depression  on  an  alluvial 
soil  three  miles  from  Port  of  Spain,  the  capital ;  it  is  one  mile  from  the 
Cocorite,  and  three  from  the  Great  Eastern  Swamp  ;  the  drainage,  for  many 
years  most  defective,  is  now  improved,  as  the  main  sewer  is  carried  to  the  sea. 
On  many  occasions  yellow  fever  has  prevailed  in  this  barrack,  and  nowhere 
else  in  the  island ;  the  last  occasion  was  in  1858-59,  and  then  it  was  proposed 
by  Dr  Jameson  (the  principal  medical  officer)  to  erect  barracks  on  a  spot  2200 
feet  above  sea-leveL 

The  capital,  the  Port  of  Spain  (22,000  inhabitants),  is  built  at  the  principal 
outfall  of  the  island ;  it  is  on  a  low  and  unhealthy  plain.  Formerly,  it  was 
so  unhealthy  as  to  be  scarcely  habitable,  but  after  being  weU  drained  and 
paved  by  Sir  Ealph  Woodford,  it  has  become  much  healthier.  This  was  the 
result  of  great  sanitary  efforts  in  a  very  unpromising  locality,  and  should  be 
a  lesson  for  aU  climatea 

There  is  stiU,  however,  much  midarious  disease,  dysentery,  and  at  times 
yellow  fever  ;  but  this  last  disease  has  occasionally  been  very  severe  at  St 
James'  Barracks,  without  a  single  case  being  seen  in  Port  of  SpaiiL  The 
ascent  of  the  malaria  from  the  barrack  plain  is  certainly  more  them  500,  and 
probably  as  much  as  1000  feet 

Diseases  of  Troops. — ^The  state  of  health  has  been  and  is  very  similar  to 
that  of  Jamaica,  with,  however,  a  larger  percentage  in  former  years  both  of 
phthisis  and  diseases  of  the  stomach  and  bowels,  chiefly  dysentery. 

In  the  years  1817-36,  the  average  mortality  of  the  white  troops  was  106*3 
per  1000  of  strength,  and  of  these  deaths  there  were— 

Prom  fevers, 61*6 

Lung  diseases, 11*5 

Diseases  of  stomach  and  bowels, 17 '9 

Dropsies  (probably  partly  malarious,  partly  renal),           .  7 '7 

Brain  diseases  (especially  from  intemperance),         .        .  4*7 

liver  diseases, 1  '1 

All  other  diseases, 1  '8 


106-3 


As  in  Jamaica,  the  statistics  of  the  white  troops  of  late  years  teU  a  very 
different  story. 

In  1859  there  was  an  outbreak  of  yellow  fever,  and  the  deaths  from  disease 
rose  to  84*27  per  1000.  In  the  next  seven  years  (ending  1866)  the  average 
number  was  7*48  deaths  from  disease  per  1000.  In  two  years  (1860  and 
1865)  there  were  no  deaths. 

Even  in  1859,  when  the  mortality  was  so  large,  there  were  only  10  deaths 
from  yellow  fever  among  190  men,  while  there  were  no  less  than  4  deaths 
from  delirium  tremens. 

Among  the  diseases  in  the  returns,  the  largest  item  is  malarious  fever ;  there 
ore  also  cases  of  **  continued  fever,"  as  in  Jamaica  ;  and  this  term,  in  fact, 
has  never  been  absent  fiom  the  reports.  Is  this  typhoid  fever  1  In  all 
probability  it  is,  as  unequivocal  typhoid  fever  does  occur  in  Trinidad.  (See 
Dr  Stone's  paper  in  ihe  Medical  Times  and  Gazette,  Feb.  1860.)  A  consider- 
able number  of  cases  of  dyspepsia  are  admitted  ;  in  1860  there  were  16  cases 
ont  of  221  men,  or  72  per  1000  of  strength*  In  1862  there  were  103  per 
1000  admissions,  from  '' digestive''  diseasea  Venereal  diseases  have  always 
been  low;  in  1860,  1861,  1862,  and  1864,  there  were  only  49*8,  44*4,  20*6, 

2s 
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and  63'8  admissioiis  per  1000  of  strengtb.     Dysentery  is  now  mfreqneBi 
In  1860,  out  of  221  men,  and  in  1861,  ont  of  225  men,  theie  was  soti 
sin^e  casGL     In  1864,  out  of  235  men,  there  was  only  1  case.     In  1865  thse  ' 
were  no  admissions  £rom  phthisis.     Phthisis  is  mnch  less  common,  yet  in 
some  years  there  is  still  too  mnch  of  it. 

It  is  evident  that  if  Dr  Jameson's  suggestion  is  acted  upon,  and  the  tzoopi 
are  lemoyed  to  the  hills,  malarious  fever  will  disappear,  and  yellow  f ctet  ca& 
he  prevented.  In  such  a  case,  if  the  men  will  abstain  from  drinking  tliif 
island,  which  formerly  killed  ra^er  more  than  1  man  in  every  10  yearly,  inl 
he  one  of  the  healthiest  spots  in  the  world 

The  black  troops  are  now  less  healthy  than  the  white,  having  in  1859-^ 
an  annual  mortality  of  nearly  20  per  1000,  of  which  18  were  from  diseue. 
Their  condition  requires  looking  into.  Of  late  years  a  very  small  numte  d 
black  troops  have  been  stationed  at  Trinidad. 

The  invaliding  from  Trinidad  is  combined  in  the  Army  Bepoits  with  ^ 
of  the  other  islands  of  the  Windward  and  Leeward  Commanda 

Babbadosb. 

Strength  of  garrison,  500  to  600  men.   Civil  population  (in  1871),  162,041 

Geology. — ^limestone  (coralline) ;  sandstone  (tertiary) ;  beds  of  bitumincRs 
matter  and  coal  (tertiary),  clay  in  parts  (especially  in  the  hilly  district  caM 
"  Scotland  "). 

An  open  country,  well-cultivated,  no  marshes  except  a  small  one  at  Gna» 
Hall,  one  mile  to  ^e  east  of  St  Ann's  Barracks. 

The  countiy  is  divided  into  two  parts:  a  mountainous  district  tenned 
*' Scotland,"  and  a  lower  countiy  consisting  of  a  series  of  five  gigantk 
terraces,  rising  with  some  regularity  one  above  the  other.  The  hig^hest  bill  is 
1100  feet 

Climate  of  the  Plain. — ^Temperature :  Mean  of  year,  80"*;  hottest  mastk 
(October),  SS"* ;  coldest  month  (January),  78**;  mean  yearly  finctoation,  y. 
Climate  equable  and  limited. 

Wind. — N.K,  trade,  strongest  in  February  to  May ;  weak  in  September  to 
November  inclusive ;  hurricane  month,  August 

Bain. — ^About  56  to  58  inches,  on  an  average,  but  varying  a  good  deal  a 
the  autumn  chiefly,  though  there  is  rain  in  all  months,  but  much  le8&  The 
dry  season  is  from  December  to  May. 

Water. — Formerly  supplied  from  wells;  it  was  highly  calcaieoa&  At 
present  good  water  is  supplied  by  a  water  company.  Bain  i^ater  is  aho 
collected  in  tanka 

Sanitary  Condition. — St  Ann's  Bairacks  are  placed  above  one  and  a  haH 
mile  from  Bridgetown,  on  the  sea ;  the  locality  and  the  construction  of  thf 
bairacks  have  been  much  complained  of,  and  a  position  in  the  hills  advised.* 
Arrangements  for  sewering  and  the  water  supply  were  both  formeily  bad; 
considerable  improvements  have  been  made,  and,  since  1862,  30,000  gallos 
are  suppUed  daily  to  St  Ann's  BaiTack&  It  is  a  limestone  water,  cm^ 
taining  carbonate  of  hme,  but  no  sulphate  of  lime,  and  is  remarkably  fm 
from  organic  matter.  The  total  solids  are  18*72  grains  per  gallon.  Tht 
troops  are  still  too  much  crowded  in  barracks,  the  allowance  being  under  60C' 
cubic  feet  Since  1872  new  latrines  (Jeimings'  pattern)  have  been  provided 
and  the  old  ones  closed. 

Formedy  vegetables  were  very  deficient  in  Barbadoes,  and  even  now  thes^ 

*  For  an  extremely  good  and  concise  acoonnt  of  Barbadoes.  see  Dr  Jameson's  BepCHt  in  tie 
Army  Medical  Report  for  1861,  p.  261. 
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is  some  difficulty  in  procaring  them.  They  are  often  imported  from  other 
islands. 

Diseases  among  Civil  PajptUation, — ^Yellow  fever  has  appeared  frequently, 
although  the  island  is  not  marshy.  It  is  not  so  frequent  as  formerly ;  it 
used  to  he  expected  every  four  years. 

Earhadoes  and  Trinidad  contrast  greatly  in  the  freedom  from  marshes  of 
the  one,  and  the  existence  of  marshes  and  mtdarious  diseases  in  the  other ; 
yet  Barhadoes  has  had  as  much  yellow  fever  as  Trinidad. 

Dysentery  was  common  formerly,  partly  from  bad  water;  influenza  has 
been  epidemic  several  timea  Barbadoes  leg,  or  Elephantiasis  of  the  Arabs, 
is  frequently  seen.  Leprosy,  or  Elephantiasis  Grsecorum,  is  also  not  very 
uncommon.     Variola  and  Pertussis  have  from  time  to  time  been  very  bad. 

Hillary,  in  1766,  described  a  "slow  nervous  fever,"  under  which  term  our 
typhoid  fever  appears  to  have  been  indicated  by  most  writers  of  that  period. 
His  description  is  not  quite  clear,  but  resembles  typhoid  fever  more  than  any 
other.     He  also  speaks  of  "  diarrhoea  febrilis."     Can  this  have  been  typhoid ) 

Dracnnculus  was  formerly  very  frequent,  and  Hillary  attributes  it  to  the 
drinking  water,  and  states  that  there  were  some  ponds,  the  water  of  which 
WB8  known  to  "  generate  the  worm  if  washed  in  or  drank." 

Yaws  used  to  be  common. 

Colica  pictonum  was  formerly  frequent. 

Diseases  of  Troops. — Yellow  fever  has  several  times  been  very  fatal 

Scorbutic  dysentery,  arising  from  the  wretched  food,  was  formerly  very  fre- 
quent, and  appears  from  Sir  Andrew  HaUida/s  work  to  have  been  very  bad 
3ven  in  his  time  (1823  to  1832). 

From  1817  to  1836  (20  years)— 

Average  Mortality  (white  troops),  58*5  per  1000  of  strengtL 
Greatest        „  .  204        „  „         (in  1317). 

Least  „  .  18        »  »         (in  1823). 

In  1817  there  were  1654  men  on  the  island,  and  yellow  fever  broke  out 
Ln  1823  there  were  only  791. 

Of  late  years,  as  in  all  the  other  islands,  the  sickness  and  mortality  has  been 
jomparatively  trifling. 

In  1859-65  the  total  deaths  were  6-98  per  1000,  and  in  1866  they  fell  to 
I '28  per  1000,  which  is  only  ^d.  the  mortality  of  home  service.  The  highest 
nortality  of  late  years  was  in  1862,  viz.,  16*77  ;  the  average  number  of 
bdmissions  is  about  1200. 

In  1864  there  was  an  outbreak  of  a  mild  fever,  termed  ^'  remittent ;  "  the 
latore  is  unknown ;  no  case  was  fatal 

The  increased  mortality  of  1862  was  owing  to  yellow  fever.  It  appeared 
irst  among  the  civil  population  in  Bridgetown,  and  afterwards  attacked  the 
roops  in  the  (stone)  barracks.  As  it  continued  to  spread,  the  men  were 
Qoved  ont  and  placed  under  canvas,  with  the  best  effects.  A  remarkable 
eature  of  this  epidemic  was  that  the  officers  suffered  in  attacks  six-fold  more 
ban  the  men,  and  had  a  mortality  more  than  twenty-fold.  The  women  also 
offered  three-fold  more  than  the  men.  Formerly  the  case  would  have  been 
eversed.  In  1861  there  were  only  two  deaths  out  of  787  men,  one  from 
»hthisis  and  one  from  apoplexy;  and  in  1864  there  were  also  only  two  deaths 
diarrhoea  and  phthisis)  among  930  men. 

Dysentery  is  now  uncommon. 

The  great  improvement  to  be  made  at  Barbadoes  is  decidedly  a  complete 
hange  of  barracka  The  persistent  recurrence  of  yellow  fever  in  these  old 
arracksi  with  their  imperfect  arrangements,  shows  them  to  be  the  main  cause 
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of  the  appearance  of  the  disease.     The  saving  in  the  cost  of  a  single  epidemk 
would  amply  repay  the  outlay. 

As  in  tiie  other  islands,  the  black  troops  are  now  much  more  nnhealtliT 
than  the  white,  and  the  sanitary  condition  of  their  barracks  and  theiiJfGcd 
evidently  require  looking  into.  Phthisis  and  chronic  dysentery  are  the  ch^ 
diseases  causing  mortality.  The  average  of  1859-64  gave  1015  admisskia 
and  20-46  deaths  per  1000  of  strength.  In  1865  there  were^22'64  deathspe 
1000  of  strength,  or,  excluding  violent  deaths,  20*49 ;  of  these  phthisis  caused 
14*34,  or  no  less  than  70  per  cent  of  total  deaths. 

St  Lucia. 

Strength  of  garrison  =  100  men,  now  usually  black  troops.  Civil  popok- 
tion  (in  1871),  36,610. 

St  Lucia  is  divided  into  two  parts  :  Bajsseterre,  the  lowest  and  most  culti- 
vated part,  is  very  swampy ;  Capisterre,  hilly,  with  deep  narrow  ravines,  fnL 
of  vegetation.  Tlie  climate  is  similar  to  that  of  the  other  islands^  but  iamm 
rainy  and  humid. 

Diseases  of  the  White  Troops, — From  1817-36  ;  average  strength,  241 : 
average  deaths,  30  « 122*8  per  1000  of  strength.  Of  the  122*8  deaths,  631 
were  from  fevers,  39*3  from  bowel  disease,  and  12*5  from  lung  diseaseL 

Pigeon  Island  (a  few  miles  from  St  Lucia)  was  formerly  so  unhealthy  thst 
on  one  occasion  22  men  out  of  55  died  of  dysentery  in  one  year,  and  of  tfa^ 
whole  55  men  not  one  escaped  sickness.  The  cause  is  supposed  to  have  beet 
bad  water.     Now  Pigeon  Island  is  considered  healthy. 

Although  the  mortaUty  was  formerly  so  great,  St  Lucia  has  been  veir 
healthy  for  some  years. 

In  1859,  mean  strength  of  white  troops,  96 ;  adnussiona,  113,  and  there  iris 
not  a  single  death,  although,  if  the  mortality  had  been  at  the  late  of  tk 
twenty  years  ending  1836,  12  men  would  have  died 

Better  food,  some  improvement  in  barracks,  and  the  use  of  rain  instead  d 
well  water,  have  been  the  causes  of  this  extraordinary  change. 

22  men  were  admitted  with  '^  continued  fever,"  18  with  ophthalmia,  asd 
only  2  with  venereal 

In  1860  there  was  no  case  of  dysentery  and  only  two  of  diarrhoea  amuDg 
100  men  in  this  island,  where  formerly  there  would  have  been  not  only  naoj 
cases,  but  four  deaths.  One  man  died  from  phthisis,  or  at  the  rate  of  10  per 
1000. 

In  1861,  out  of  94  men,  there  was  one  death  from  jaundice,  or  at  the  rate 
of  10*6  per  thousand. 

In  1862,  there  was  88  men  on  the  island  ;  one  man  was  drowned  ;  theif 
was  no  death  from  disease.     No  case  of  jaundice  was  admitted. 

In  1863  there  was  55  men,  and  one  death  from  accident ;  there  were  64 
admiasions,  of  which  15  were  accidents. 

Invaliding, — In  1860-65  there  was  discharged  from  the  Windward  foi 
Leeward  Command  28*86  per  1000  of  strength. 

British  Guiana.     (193,941  inhabitants.) 

Ko  white  troops  are  at  present  stationed  at  Demerara. 

This  station  in  the  West  Indian  Command  is  on  the  mainland,  extendiog 
from  the  equator  (nearly)  to  10"*  K.,  200  to  300  miles,  and  inland  to  an  bb- 
certain  distance. 

It  is  a  flat  alluvial  soil  of  clay  and  sand,  covered  with  vegetation. 

The  water  of  Georgetown  is  not  good  ;  it  is  drawn  from  a  fresh-water  lab 
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md  an  Artesian  well;  the  water  from  this  well  contains  a  good  deal  of 
iron. 

Trade  winds  fom  N.E.  and  E.  for  nine  months.  In  July,  August,  and 
3eptemher,  S.£.  and  8.  and  land-winds.    This  is  the  unhealthy  season. 

Two  wet  seasons,  January  and  June ;  the  last  is  the  longest. 

Temperature  of  summer,  86° ;  of  winter,  82".     Eain  ahout  100  inehes. 

Formerly  there  was  an  enormous  mortality  among  the  troops  from  yellow 
eyer  and  scorhutic  dysentery.  The  men  used  to  hare  salt  meat  fiye  times  a 
^eeiCa 

The  climate  is  most  highly  malarious,  hut  this  does  not  cause  much 
nortality. 

Yellow  feyer  has  preyailed  here  seyeral  times.  On  one  occasion  (1861)  the 
Toops  were  moyed  out  and  encamped  at  some  distance  from  Georgetown ; 
hey  escaped  (seyen  mild  cases  only),  although  they  were  on  a  swampy  plain. 

In  1817-36,  the  ayerage  deaths  were  74  per  1000  of  strength. 

In  1859,  out  of  a  mean  strength  of  143,  there  were  156  admissions  — 1091 
>er  1000  of  strength ;  2  deaths  » 13*9  per  1000  of  strength.  One  death  from 
apoplexy,  one  from  drowning.  The  deaths  from  disease  were  only  6*9  per 
.000.  Of  the  156  admissions,  no  less  than  81  were  from  malarious  disease, 
»r  at  the  rate  of  519  per  1000  of  strength,  or  nearly  one-half  the  total 
kdmissiona 

In  1860, 1861,  and  1862,  the  admissions  from  malarious  disease  continued 
ligh  (673,  1380,  and  1104  per  1000  of  strength),  the  mortality  was  yery 
mall,  heing  only  6*6  per  1000  in  each  year;  in  fact,  the  single  death  in  1860 
nd  in  1861  was  in  one  year  from  "acute  hepatitis,''  and  in  the  other  from 
^dent  In  1862,  in  spite  of  the  immense  malarious  disease,  there  was  no 
Leath. 

Subsequently  to  1861  it  appears  that  scattered  cases  of  fellow  feyer 
•ccurred  among  the  shipping,  and  in  the  town  eyery  year;  in  1866  there  was 
n  outbreak  among  the  white  troops.  In  eight  weeks  16  deaths  occurred 
mong  72  men,  or  22  per  cent^ 

Some  important  lessons  are  drawn  from  the  medical  history  of  this  station, 
t  has  been  shown  that  eyen  in  a  highly  malarious  country  yellow  feyer  may 
te  eyaded  by  change  of  ground,  although  the  men  are  obliged  to  encamp  on 
swamp.  Another  remarkable  point  is  the  yery  small  mortality  attending  the 
>aroxysmal  feyers.  It  would  be  yery  interesting  to  know  the  future  history 
f  such  men,  but  it  cannot  be  doubted  that  the  lessened  mortality  since  former 
ears  must  be  owing  to  better  treatment. 

The  extent  of  malarious  disease  shows  how  desirable  it  would  be  to  ayoid 
ending  white  troops  to  Demerara. 

In  French  Guiana,  Dr  Laure,  besides  malarious  feyers,  describes  typhoid 
)ver  to  haye  been  for  some  short  time  after  the  arriyal  of  French  political 
risoners  after  the  coup  (Tetat  of  1851.     It  then  disappeared. 

*  A  full  inqairy  was  made  into  this  outbreak  ;  it  yrta,  as  so  frequently  happens,  localised, 
»r  the  troops  were  suffering  severely,  wlille  the  health  officer  for  the  port  (Dr  ocott)  states  in 
is  evidence  (Report  of  the  Commissioners  appointed  to  Inquire  into  the  Outbreak  of  Yellow 
ever  at  Demerara  in  18S6,  p.  85)  that  the  cases  in  town  were  "  very  few  ''at  the  time.  The 
arracks  were  badly  circumstanced  in  various  ways,  particularly  in  having  removal  of  sewage 
n  a  trench  svstem,  into  which  the  latrines  opened,  ana  which  trenches  were  intended  to  be  kept 
;ean  by  flushing ;  they  were,  however,  in  a  very  foul  state,  and  were  merely  open  cesspools ; 
nd  the  evidence  of  Surgeon-Major  Hutton  (Report  p.  37)  clearly  points  out  that  a  thorough 
K>d  system  of  dry  removal  is  the  proper  plan  for  this  colony.  Whether  this  and  the  other 
Qsanitary  conditions  gave  its  local  development  to  the  yellow  fever,  was  a  matter  of  doubt  in 
le  colony,  but  *they  are  precisely  the  same  conditions  which  have  been  so  frequently  seen  in 
lest  In<uan  outbreaks, — ^a  foul  soil,  and,  in  addition,  open  cesspools  exposed  to  the  intense 
eat  of  a  tropical  sun,  and  to  the  influence  of  a  moist  atmosphere  and  a  moist  soil.  On  this 
XMision  ^e  troops  were  not  removed  from  the  bairacks  until  too  late. 
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Bahamah  and  Honduras. 

The  black  troops  garrison  both  those  places,  and  show  a  degree  of  moitalitj 
nearly  the  same  as  in  the  other  stations,  the  amount  of  phtibisis  being  Teiy 
great  In  1862,  at  the  Bahamas,  there  were  no  less  than  4  deaths  from 
phthisis  out  of  a  strength  of  439,  or  at  the  rate  of  9*1  per  1000  of  strength ; 
there  were  also  3  deaths  from  pneumonia  and  1  from  pleurisy.  In  the  year 
1859-66  the  average  deaths  from  tubercular  diseases  per  1000  men,  wete 
1 1  -04  yearly,  and  from  other  diseases  of  the  lungs,  5*86  ;  out  of  100  deaths  60 
were  from  diseases  of  the  lunga     This  is  evidently  a  matter  for  careful  inquizy. 

At  Honduras,  among  the  black  troops,  the  deaths  from  tubercular  disease^ 
in  1859-66,  were  4*04  per  1007  of  strengtL 

SECTION  III 


BERMUDA. 

Usual  strength  of  garrison  about  1108  to  1300  men.  Civil  population  (ia 
1871),  15,309. 

Climate, — Hot,  equable,  and  rather  limited. 

Temperature. — Mean  of  year,  74°;  hottest  month  (July),  83° '5  ;  coldest 
month  (February),  64° -5 ;  amplitude  of  yearly  fluctuation,  19** -0. 

The  sanitary  condition  was  formerly  very  bad ;  there  were  no  sewers,  and 
no  efficient  dry  method  of  removal  Now  matters  are  much  improved,  and  in 
1875  the  health  of  the  troops  was  reported  excellent  Eain  water  is  used  fc^ 
drinking. 

Diseases  of  the  Troops, 
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LoM  of  Strength  per  1000  per  anniim. 

Loss  of  Serrioe  per  1000  per  vnaam. 

Total 
Deaths. 

Deaths  from 
Disease. 

Inralidlog. 

Admission. 

Mean  Daily 
Sick. 

Duyu  ia 

Hospital  tB 

eachSkk 

Mao. 

1 

1817-86,       .     .     . 
1887-46,       .     .     . 
1861-70  (10  years), 
1867  (highest  ;yel.) 
low  fever  year),   J 
1860  (lowest),    .     . 
1865-74  (ten  years), 
1876, 

28-8 
85-6 
26*02 

169-54 

8-55 
15-04 
11-05 

•  ■  • 

•  •  • 

•  •  • 

168-88 
5-70 

•  ■  • 

8-95 

•  •  • 

20-6 

••  • 

21-92 
19-98 

768 

1080 

764-8 

•  ■  • 

716-6 
601-4 

•  •  • 

89-54 

•  •  • 

85-89 
88*08 

1 

••• 
15 

• 

18^7 
20^7 

This  history  of  the  West  Indies  may  be  applied  to  Bennnday  though,  with 
the  exception  of  yellow  fever  years,  it  never  showed  the  great  mortality  of 
the  West  Indies.     There  is  no  great  amount  of  paroxysmal  fevers  ;  in.  ten 
years  (1837-46)  there  were  only  29  admissions  out  of  an  aggregate  strength 
of  11,224  men- 
Yellow  fever  has  prevailed  seven  times  in  this  country — ^viz.,  in  1819| 
1837  1843,  1847,  1853,  1856,  and  1864. 
The  history  of  the  yellow  fever  in  1864  is  given  in  detail  by  Dr  Barrow.* 
The  total  mortality  was  14  officers,  173  men,  5  women,  and  4  cbildreD. 
The  deaths  to  strength  were,  among  the  officers,  18*9,  and  among  the  men, 
14*9  per  cent     The  officers'  mortality  was  owing  to  a  large  number  of  dead» 
among  the  medical  officers. 

*  Army  Medical  Report,  vol.  t.  p.  290. 
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The  town  of  St  George's,  in  Bermuda,  presents  every  local  condition  for 
the  spread  of  yellow  fever;  the  town  is  quite  unsewered  j  badly  supplied  with 
water ;  badly  built 

"  Dandy  fever/'  or  break-bone  (Dengue),  has  prevailed  several  times. 

'^Continued  fevers"  (no  doubt  in  part  typhoid)  have  always  prevailed 
more  or  less  at  Bermuda  In  the  ten  years  (1837-46)  they  gave  1004 
admissions  out  of  11,224  men,  or  88  per  1000  of  strength,  being  much 
greater  than  at  home. 

In  1859  there  were  only  11  cases  of  "continued  fever"  out  of  1074  men; 
but  in  1860/* continued  fever"  prevailed  severely  (209  cases  in  1062  men). 
It  was  of  a  mild  type,  and  caused  httle  mortaiity.  It  was  probably  not 
typhoid,  but  I  have  learned  nothing  definite  of  its  nature.  It  prevailed  in 
September,  October,  and  November.  Was  it  nuld,  bilious,  remittent,  or 
"relapsing  fever) "    It  is  said  that  the  drainage  was  defective  at  Hamilton. 

In  1866  there  was  decided  typhoid  fever,  and  a  considerable  mortality.  In 
1875  there  were  5  admissions  recorded  and  1  death  in  1902  men. 

Formerly  tuberculous  diseases  caused  a  considerable  mortality.  In  the  years 
1817-36,  diseases  of  the  lungs  gave  a  mortality  of  no  less  than  8*7  per  1000 
of  strength.  In  1837-46,  the  lung  diseases  gave  a  yearly  mortality  of  8*3 
per  1000  of  strength.  Of  late  years  the  amount  has  decreased.  The 
admissions  and  deaths  respectively  were  10*5  and  2 '6  in  the  seven  years 
1859-65.  In  1870  the  deaths  from  phthisis  were  1*57,  and  in  1871  no  less 
than  5-19  per  1000  of  strength;  in  1875  they  were  1*58. 

Diarrhcea  and  dysentery  were  also  formerly  very  common,  but  of  late  years 
there  has  been  a  great  decrease.     Diseases  of  the  eyes  are  common. 

There  has  always  been  much  intemperance,  and  a  large  number  of  deaths 
from  delirium  tremens.  This  was  the  case  even  in  1866  ;  there  were  no  less 
than  5  deaths  out  of  a  total  of  28. 

Venereal  diseases  have  averaged  from  55  to  80  per  1000  of  strength. 

In  considering  the  sanitary  measures  to  be  adopted  at  Bermuda,  it  would 
seem  that  drainage  and  ventilation  are  still  most  defective,  and  that  means 
should  be  taken  to  check  intemperance.  If  yellow  fever  occurs,  the  measures 
should  be  the  same  as  in  the  West  Indiea 

SECTION  IV. 

AMERICA'N   STATIONS. 

SuB-SsoTioN  L^Canada* 

The  usual  garrison  used  to  be  from  3000  in  profound  peace,  to  10,000  or 
12,000  in  disturbed  times.  In  1871  the  troops  were  withdrawn  from  Canada 
and  concentrated  at  Halifax. 

Lower  Canada 
Chief  Stations — 1.  Quebec  (59,699  inhabitafiis). 

Temperature, — ^Mean  of  year,  41';  hottest  month  (July),  71''3;  coldest 
(January),  ll^     Annual  fluctuation,  60"* '3. 

The  undulations  of  temperature  are  enormous.  In  the  winter,  sometimes, 
there  is  a  range  of  30,  40,  and  even  more  degrees  in  24  hours,  from  the 
alternation  of  northerly  and  southerly  winds.  In  one  case  the  thermometer 
fell  70*"  in  1 2  hour&     The«tnercury  is  sometimes  frozea 

*  For  an  excellent  account  of  the  Canadian  stations,  see  Sir  W.  Moir's  Aeport  in  the 
Arm/  Medical  Reports  for  1862,  p.  375. 
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The  mean  temperatare  of  the  three  samineT  months  ib  69*;  winter  months, 
12*'8.     The  climate  is  *' extreme"  and  vaiiahle. 

JiaiTL — ^Abont  36  to  40  inche&  The  air  is  dry  in  the  summer,  and  again 
in  the  depth  of  winter. 

Barracks, — ^Built  on  lower  Silurian  iock&  No  ague  is  known,  though  the 
lower  town  is  damp. 

Amount  of  cubic  space  small  Casemates  in  citadel  very  bad,  damp,  l1 
ventilated,  ill  lighted. 

2.  Montreal  (107,225  inhahitanis). 

Temperahtre, — Mean  of  year,  44* -6 ;  hottest  month  (J'iy),  73' -1 ;  coldest 
(January)  14**5.  Annual  fluctuation,  58**6.  The  undulations  are  very  gr=at^ 
though  not  so  great  as  at  Quebea 

Mean  of  the  three  summer  months,  70**8;  of  the  three  winter  montiis, 
17**2. 

Bain. — 36  to  44  inches. 

Barracks. — Bad ;  very  much  overcrowded. 

In  Lpwer  Canada  are  also  many  smaller  stations. 

Upper  Canada. 

Chief  StoHona—l.  Toronto  (70,000  itu^abitants). 

Temperature, — ^Mean  of  year,  44* '3;  hottest  month  (July),  66* '8  ;  coldest 
(February),  23* -1.     Difference,  43*7.     Great  undulationa 

Bain. — 31*6  inche& 

The  town  stands  on  ground  originally  marshy.  The  new  barracks  are  built 
on  limestone  rocks  of  Silurian  age.  Average  cubic  space,  only  350l 
Drainage  bad. 

Intermittent  fevers  among  the  civil  population ;  not  very  prevalent  among 
the  troops. 

2.  Kingston- 

Temperature, — Mean  of  year,  45* '8. 
Malarious. 

London,  Hamilton,  and  several  smaller  stations — Fort  George,  Amherstbetg, 
&c. — were  also  occupied  at  one  tima 

Diseases  of  the  Civil  Inhabitants. 

Formerly  ague  was  prevalent  in  Upper  Canada,  especially  in  Elingston ;  it 
is  now  much  less.  At  Montreal  ague  used  to  be  seen ;  now  is  much  less 
frequent     It  prevails  from  May  to  October,  and  is  worst  in  August 

If  the  isothere  (mean  summer  temperature)  of  65*  be  the  northern  limit  of 
malaria,  both  Quebec  and  Montreal  are  within  the  limit ;  yet  the  winter  is 
too  severe,  and  the  period  of  hot  weather  too  short,  to  cause  much  develop- 
ment of  malaria. 

The  climate  is  in  both  provinces  very  healthy,  and  has  been  so  from  the 
earliest  records,  though,  when  the  country  was  first  settled,  there  was  much 
scurvy. 

Typhoid  is  sometimes  seen.  Typhus  has  been  often  carried  in  emigrant 
ships,  but  has  not  spread,  or  at  least  has  soon  died  out  Cholera  has  pre- 
vailed.    YeUow  fever  dies  out     Consumption  is  decidedly  infrequent. 

Acute  pulmonary  diseases  used  to  be  considered  the  prevalent  complaints, 
but  it  is  doubtful  whether  they  are  much  more  common  than  elsewhere. 
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Diseases  of  the  Troops. 


Years  1817-36  (20  years).— Admissions  per  1000  of  strength- 1097 ; 
deaths  16*1  (without  violent  deaths). 

Years  1837-46  (10  years).— Yearly  admissions  per  1000  of  strength,  982 ; 
average  daily  sick  per  1000  of  strength,  39*1 ;  mortality  (violent  deaths 
excluded),  13  ;  mortality  with  violent  deaths,  17*42. 

The  mortality  was  made  up  in  part  of — ^fever,  2*13;  lung  disease,  7*44  ; 
stomach  and  bowels  disease,  1*11  ;  brain  disease,  1*28.  Nearly  two-thirds  of 
the  fevers  are  returned  as  "  common  continued,"  probably  typhoid. 

Venereal  admissions,  117  per  1000. 

Erysipelas  was  epidemic  at  Quebec,  Montreal,  and  Toronto  in  1841 ;  at 
Montreal  in  1842,  from  bad  sanitary  conditions. 

The  following  table  shows  the  mean  of  the  later  years : — 


Loi6  of  Strength  per  1000. 

LoM  of  Senrlce  per  1000. 

By  total 
Deatba. 

By  Deaths 

from 
Diaeaae. 

By 
Invattdlng. 

Adxnlt- 
flioaa. 

Mean  Dally 
sick. 

Dayt  in 

Hospital 

to  each 

Sick  Man. 

1861-70  (10  years),    .     . 
1871, 

901 
9-55 

•  •  • 

6-87 

15-9 
17-6 

646-9 
679-8 

80-86 
88-15 

17-14 
17-8 

Influence  of  Age 

!  on  Mortality, 

Under  20. 

SO-24. 

35-t9. 

80-84. 

8^419. 

40  and  over. 

1861-70  (10  years), 

8-47 

6-01 

9-80 

11-18 

17-66 

20-23 

These  numbers  show,  what  indeed  is  apparent  in  all  the  records,  that 
Canada  is  a  very  healthy  station. 

The  amount  of  phthisis  has  always  been  smaller  than  on  home  service,  and 
regiments  of  the  Guards  proceeding  from  London  to  Canada  have  had  on  two 
occasions  a  marked  diminution  in  phthisical  disease. 

In  this  respect,  also,  Canada  contrasted  formerly  with  the  West  Indies,  but 
of  late  years  the  decline  of  phthisis  in  the  West  Indies  has  lessened  the 
superiority  of  Canada. 

The  comparatively  small  amount  of  phthisis  is  remarkable,  as  the  troops 
have  at  times  been  very  much  crowded  in  barracks.  They  have  now  the  home 
allowance  of  space  (600  cubic  feet). 

Of  late  years  phthisis  has  declined  considerably  with  improved  barrack 
accommodation. 

In  the  20  years,  1817-36,  the  annual  admissions  were  6*5,  and  the  deaths 
4'22,per  1000  of  strengtL 

In  the  years  1859-65  the  admissioils  from  the  whole  tubercular  class  were 
8 '3,  and  il^e  deaths  were  1*67,  per  1000  of  strength.*  It  is  curious  to  ob- 
serve that  tuis  diminution  has  been  coincident  with  a  similar  change  at  home,  f 

*  Still  the  limg  complaintii  are  higher  than  they  should  be.  Sir  William  Muir  (Army  Med. 
Report,  vol.  viii.  p.  56),  after  detaiung  the  measures  taken  by  him  to  improve  the  Barrack 
accommodation,  says,  "I  cannot  help  thinking  that  the  large  number  of  men  treated  and  iu- 
/alided  for  chest  disease,  during  the  five  years!  have  been  on  this  command,  bears  a  close  rela- 
tionship to  this  impure  state  oiDarrack  air." 

f  In  contrasting  the  consumptive  invalidity  at  Gibraltar,  Bermuda,  and  Canada,  the  Be- 
porters  of  1889  CArmj  Med.  Report)  remark  that  the  returns  '*  afford  another  interesting 

Sroof  how  little  tne  tendency  to  consumption  is  increased  either  by  intensity  of  cold  or  sud- 
en  atmospherical  vicissitudes/'    See  also  the  remarks  on  Phthisis  in  India  at  a  subsequent 
page. 
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The  acute  lung  affections,  pneumonia,  and  acute  bronchitis,  appear  formerly 
to  have  been  rather  more  prevalent  in  Canada  than  they  are  now. 
The  following  table  gives  the  mean  and  extremes  for  8  years  (1859—66)  : — 


Pneumonia — Mean, 

Highest,    , 

Lowest,     . 

Acute  bronchitis  —Mean, 

Highest, 
Lowest, 


Per  1000  of  Stzwgth. 

Adminloiia.  Deatlu. 

12-24  -8576 

15-33  1-996 
7-91  -411 

42-67  -309 

49-79  -719 

28-48  -092 


Average  of  the  mean  of  bothy      .         27 '45  -5833 

If  this  table  is  compared  with  the  similarly  constructed  table  (at  page  615), 
showing  the  prevalence  of  these  diseases  at  home,  it  appears  that  both  pneu- 
monia and  acute  bronchitis  are  rather  more  fatal  in  Canada  Both  together 
gave  a  mortality  of  '856  per  1000  at  home,  and  1*166  per  1000  in  Canada. 
The  admissions  from  pneumonia  are  also  higher,  but  those  from  acute  bron- 
chitis  are  one-third  less  than  at  home,  showing  that  the  common  catanhal 
affections  are  probably  less  frequent  in  Canada.  On  the  whole,  however,  the 
influence  of  the  severe  climate  and  the  exposure  on  guard  in  Canada  produces 
less  effect  than  might  have  been  anticipated. 

"  Continued  fevers  "  (probably  enteric)  almost  yearly  give  some  mortality ; 
the  mean  being  about  '6  per  1000  of  strength.  This  is  actually  more  than 
on  home  service,  and  depends  probably  on  the  difficulties  connected  with 
drainage.  A  good  dry  system  is  the  only  plan  which  can  be  depended  on  in 
Canada. 

The  great  healthiness  of  Canada  in  part  probably  depends  on  the  fact,  that 
the  extreme  cold  in  winter  lessens  or  prevents  decomposition  of  animal  matts 
and  the  giving  off  of  effluvia  ;  hence,  in  spite  of  bad  drainage  and  deficient 
water,  there  is  no  very  great  amount  of  fever.  In  the  hot  summer,  the  life  is 
an  open-air  one.  Even  in  winter  the  dry  cold  permits  a  good  deal  of  ezerdse 
to  be  taken. 

The  amount  of  drunkenness  and  delirium  tremens  in  Canada  used  to  be 
great  In  1863  no  less  than  9  out  of  96  deaths,  or  nearly  one-tenth,  were 
caused  by  delirium  tremens.  Violent  deaths  also  are  usually  large,  drowning 
giving  the  largest  proportion. 

The  sickness  and  mortality  of  Nova  Scotia  and  Newfoundland  are  ahnoet 
identical  with  Canada,  and  they  are  now  included  in  the  returns  under  the  one 
head  of  "  Dominion  of  Canada."  Both  stations  have  always  been  considered 
very  healthy.  There  is  some  typhoid  fever  at  Halifax,  and  at  both  places 
there  was  formerly  much  drinking,  but  that  is  now  less.  In  British  Columbia, 
where  there  is  a  small  garrison  of  100  to  150,  the  health  is  also  extremely 
good. 

SECTION  V. 

AFRICAN    STATIONS. 
Sub-Sbction  L — St  Helena. 

Garrison,  350  to  700.  In  1875  only  185.  Civil  population  (m  1871X 
6,241. 

Until  very  lately  this  small  island  has  been  garrisoned  by  a  local  corps  (St 
Helena  Eegiment).  The  system  is  now  altered,  and  a  West  India  Segment 
now  serves  in  the  island  for  three  or  four  yeara 
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The  island  has  always  heen  healthy ;  seated  in  the  trade-winds,  there  is  a 
tolerably  constant  breeze  from  south-east  The  average  mortality  in  the  years 
1869-66  was  9*75,  or  wittiout  violent  deaths,  7'86.  In  1867  the  mortality 
from  disease  was  only  5*24.  In  1875  almost  the  same,  viz.,  5*41.  There  is 
very  little  malarious  disease  (about  50  to  60  admissions  per  1000  of  strength), 
but  there  has  frequently  been  a  good  many  cases  of  '^  continued  fever,"  and 
dysentery  and  diarrhoea  are  usual  diseasea  Formerly  there  appears  to  have 
been  much  phthisis,  but  this  is  now  much  less,  giving  another  instance  of  the 
decline  of  this  disease,  as  in  so  many  other  stations. 

In  the  years  1837-46,  the  admissions  from  tubercular  diseases  averaged  21 
per  1000  per  annum,  and  the  deaths  5*45.  In  the  years  1859-66  the  admis- 
sions from  tubercular  diseases  were  6*6  ;  and  the  deaths  1*66  per  1000.  In 
1867  there  were  no  admissiona  The  health  of  the  troops  would  have  been 
even  better  if  the  causes  of  the  continued  fever  and  dysentery  could  have  been 
discovered  and  removed,  and  if  the  amount  of  drunkenness  had  been  less. 
The  returns  from  St  Helena  are  now  combined  with  those  from  the  Cape  of 
•Good  Hopa 

Sub-Sbctiojj  IL — ^Wkst  Coast  op  Apbica.* 

The  principal  stations  are  Sierra  Leone,  and  Cape-Coast  Castle. 

The  station  of  Gambia  has  now  been  given  up,  and  troops  are  no  longer 
stationed  regularly  at  Lagos  (500  miles  from  Cape-Coast  Castle,  and  occupied 
in  1861).  In  1875  Sierra  Leone,  Cape-Coast^  and  Accra  were  occupied,  and 
Elmina  for  a  short  tima  No  white  troops  are  employed,  except  during  war- 
time, as  in  the  Ashanti  campaign  of  1873. 

Sierra  Leone. 

Strength  of  garrison,  300  to  500  black  troops,'with  a  few  officers  and  non- 
commissioned officers.  Civil  population  (in  1872),  37,089.  Hot  season 
from  May  to  the  middle  of  November ;  Harmattan  wind  in  December ; 
soil,  red  sandstone  and  day,  very  ferruginous.  There  are  extensive  mangrove 
9wamps  to  N.  and  S.  Water  very  pure.  The  spring  in  the  barrack  square 
contains  only  3  to  4  grains  per  gallon  of  solids. 

This  station  had  formerly  the  reputation  of  the  most  unhealthy  station  of 
the  army.     Nor  was  this  undeserved 

From  1817  to  1837  (twenty  years)  there  were  yearly  among  the  troops — 

Admissions,        .         .         .         2978  per  1000. 
Deaths,      ....  483        „ 

At  the  same  time,  about  17  per  cent  of  the  whole  white  population  died 
annually. 

The  chief  diseases  were  malarious  fevers,  which  caused  much  sickness,  but 
no  great  mortality  ;  and  yellow  fever,  which  caused  an  immense  mortality. 
Dysentery,  chiefly  scorbutic,  was  also  very  fatal 

The  causes  of  this  great  mortality  were  simple  enough.  The  station  was 
looked  upon  as  a  place  of  punishment,  and  disorderly  men,  men  sentenced 
for  crimes,  or  whom  it  was  wished  to  get  rid  of,  were  draughted  to  Sierra 
Leone.  They  were  there  very  much  overcrowded  in  barracks,  which  were 
placed  in  the  lower  part  of  the  town.  They  were  fed  largely  on  salt  meat ; 
and  being  for  the  most  part  men  of  desperate  character,  and  without  hope, 
they  were  highly  intemperate,  and  led,  in  iJl  ways,  lives  of  the  utmost  disorder. 
They  considered  themselves,  in  fact,  under  sentence  of  death,  and  did  their 
best  to  rapidly  carry  out  the  sentence. 

*  For  a  very  good  aocoimt  of  the  topography  of  the  Gold  Coast,  see  Dr  R.  Clarke's  paper  in 
the  Tnuisactions  Epid.  Society,  yoL  L 
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EyentuaUy,  all  the  white  troops  were  removed,  and  the  place  has  smce 
been  garrisoned  by  one  of  the  West  Indian  regimenta  Of  late  years,  the  total 
white  population  of  Sierra  Leone  (civil  and  military)  has  not  been  more  than 
from  100  to  200  persons. 

The  great  sickness  and  mortality  being  attributable^  as  in  so  many  other 
cases,  chiefly  to  local  causes  and  individual  faults,  of  late  years  Enropeane 
have  been  comparatively  healthy ;  although  from  time  to  time  fatal  epidemics 
of  yellow  fever  occur.  They  are,  however,  less  frequent  and  less  fatal  than 
formerly.  The  position  of  the  barracks  has  been  altered,  and  the  food  is  much 
better.  One  measure  which  is  supposed  to  have  improved  the  health  of  t^e 
place^  is  allowing  a  species  of  grass  (Bahama  Grass)  to  grow  in  the  stieeta 
The  occupiers  of  the  adjacent  houses  are  obliged  to  keep  it  cut  shorty  and  in 
good  order. 

During  the  four  years,  1863-66,  there  died  8  white  non-commiasioni^ 
officers,  in  the  whole  command  of  the  West  Coast,  out  of  an  average  strength 
of  25,  or  at  the  annual  rate  of  80  per  1000  of  strength  Three  of  the  8  deaths 
were  from  liver  disease,  two  from  delirium  tremens,  two  from  fevers,  and  one 
from  dysentery.  In  1867  two  Serjeants  died,  out  of  16  white  men— one  from 
apoplexy,  one  from  delirium  tremens. 

Among  the  black  troops  serving  in  Sierra  Leone  and  the  Grold  Coast,  the 
returns  of  the  ten  years  1861^70  give  1283  admissions  and  2249  deaths  per 
1000.  In  1871  the  deaths  were  15*63  per  1000  from  diseasa  Among  the 
causes  of  death,  tubercular  diseases  hold  the  first  place,  amounting  to  7  "05  per 
1000  of  strength.  In  1862  phthisis  amounted  to  no  less  than  12*6  per  1000 
of  strength,  and  constituted  43*7  per  cent  of  all  deaths  from  diseasa  There 
were  also  9*46  per  1000  of  strength  deaths  from  pneumonia.  In  1863  the 
deaths  from  phthisis  were  9  "3  per  1000  of  strengSb,  and  made  up  36-3  per 
cent,  of  the  total  deaths.  In  1867  the  tubercular  deaths  per  1000  of  strength 
were  17*71  in  Sierra  Leone,  15*87  at  the  Gambia,  and  12*58  at  the  Gold  Coast 
and  Lagos  together.  It  seems  clear,  indeed,  that  in  all  the  stations  of  the 
West  India  corps  (black  troops),  the  amount  of  phthisis  is  great ;  in  fact,  the 
state  of  health  generally  of  these  regiments  requires  looking  into,  as  in  the 
West  Indies. 

In  1862  there  were  only  five  cases  of  intermittent,  and  eighteen  of  remittent 
fever  among  317  negroes. 

Id,  1861  some  of  the  troops  from  Sierra  Leone  and  the  Grambia  were  em- 
ployed  up  the  Gambia  against  the  Mandingoes,  and  also  against  the  chiefs  of 
Quiat.  In  1863  and  1864  the  Ashanti  war  prevailed  All  these  wars  added 
to  the  sickness  and  mortality,  so  that  these  years  are  not  fair  examples  of  the 
influence  of  the  climate. 

GamhicL 

No  troops  have  been  quartered  here  of  late  years,  and  it  has  been  in  con- 
templation to  abandon  the  station.  It  is  much  more  malarious  than  any  of 
the  others.  The  drinking-water  is  bad ;  all  barrack  and  sewage  arrangements 
are  imperfect.  Yellow  fever  from  time  to  time  is  very  destructiva  'Li  1859 
two  out  of  four  European  Serjeants,  and  in  1860  three  medical  ofiicers,  died 
of  yellow  fever.  Among  the  black  troops  in  1859-65  the  admissions  were 
1169-8,  and  the  deaths  29*97  per  1000  of  strength. 

As  at  Sierra  Leone,  phthisis  and  other  diseases  of  the  lungs  caused  a  large 
mortality  among  the  negroes.  In  1861  phthisis  gave  five  deaths  out  of  a 
strength  of  421,  or  at  the  rate  of  11*6  per  1000  strength;  and  pneumonia 
gave  four  deaths,  and  acute  bronchitis  three,  or  (together)  at  the  rate  of  1 6 '24 
per  1000  of  strength.     Phthisis,  pneumonia,  and  bronchitis  gave  nearly  60 
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per  cent  of  all  deaths  from  diBeasa  This  was  higher  than  in  previous  years ; 
but  in  1862  phthisis  gave  14*35  deaths  per  1000  of  strength,  and  constituted 
75  per  cent  of  the  whole  number  of  deaths.  There  was,  however,  no 
pneumonia  or  bronchitis  in  that  year.  In  1856  the  tubercular  class  gave  9*53 
deaths  per  1000.  In  1863,  however,  there  were  no  deaths  from  phthisis. 
Although  the  period  of  observation  is  short,  it  can  hardly  be  doubted  that 
here,  as  elsewhere  in  the  stations  occupied  by  the  West  Indian  regiments, 
some  causes  influencing  the  lungs  prejudicially  are  everywhere  in  action.  It 
is  probably  to  be  found  in  bad  ventilation  of  the  barracka 

Among  the  few  white  residents  at  the  Gambia,  diarrhoea,  dysentery,  and 
ilyspepsia  appear  to  bo  common.  These,  in  part,  arise  from  the  bad  water  ; 
in  part  from  dietetic  errors  (especially  excess  in  quantity),  and  want  of  exercise 
and  attention  to  ordinary  hygienic  rules. 

Cape-Coad  CadU  {Gold  Coast). 

G^arrison,  300  to  400  (black  troops). 

This  station  hai^  always  been  considered  the  most  healthy  of  the  three 
principal  placea  It  is  not  so  malarious  as  even  Sierra  Leone,  and  much 
less  so  than  the  Grambia,  and  has  been  much  less  frequently  attacked  with 
yellow  fever.  Dysentery  and  dyspepsia  are  common  diseases  among  the 
white  residents.  Among  the  black  troops  the  prevalence  of  phthisis, 
pneumonia,  and  bronchitis  is  marked,  though  less  so,  perhaps,  than  at  the 
other  two  stations. 

One  peculiarity  of  the  station  is  the  prevalence  of  dracunculus.  This  is 
uncommon  at  Sierra  Leone,  and  at  the  Gambia.  It  is,  on  the  other  hand, 
very  frequent  at  Cape-Coast  Castle. 

Admissions  from  Guinea-Worm,  per  1000  of  Strength. 


Garrisons. 

1860. 

1861. 

1862. 

1863. 

Sierra  Leone,     ...     . 

Gambia,        

Gape-Coast  Casde,  .    .     . 
'    Lagos 

2*6 

•  •  ■ 

246 

•  «  • 
»  •  • 

285 

•  ■  • 

•  •  • 

•  •  • 

115 
88 

11*62 

•  •• 

12*8 

*  •  • 

The  investigation  of  the  cause  of  dracunculus  at  Cape-Coast  Castle  is  one 
which  would  well  repay  the  trouble,  so  abundant  is  the  material  of  observa- 
tion ;  it  would  probably  clear  up  tiie  still  doubtful  points  on  the  mode  of 
ingress.* 

Hygiene  on  the  West  Coast 

There  is  no  doubt  that  attention  to  hygienic  rules  will  do  much  to  lessen 
the  sickness  and  mortality  of  this  dreaded  climate.  In  fact,  here  as  elsewhere, 
men  have  been  contented  to  lay  their  own  misdeeds  on  the  climata  Malaria 
has,  of  course,  to  be  met  by  the  constant  use  of  quinine  during  the  whole 
period  of  service.  The  other  rules  are  summed  up  in  the  following 
quotation  from  Dr  Sobert  Clarke's  paper,  f  and  when  we  reflect  that  this 
extract  expresses  the  opinion  of  a  most  competent  judge  on  the  effect  of 
climate,  we  must  allow  that,  not  only  for  the  West  Coast,  but  for  the  West 
Indies,  and  for  India,  Dr  Clarke's  opinions  on  the  exaggeration  of  the  effect 
of  the  sun's  rays  and  exposure  to  night  air,  and  his  statement  of  the  necessity 
of  exercise,  are  full  of  instruction : — 

*  For  anybody  interested  in  the  investigation  of  the  anatomy  of  the  dracunculus,  Dr  Bastian's 
paper  in  the  Linnean  Transactions  (1868)  can  be  recommended, 
t  Trans,  of  the  ^idem.  Soc.  vol.  i  pp.  123, 124.  ? 
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"  Good  health  may  generally  he  enjoyed  hy  judicious  attention  to  a  few 
simple  rulea  In  the  foremost  rank  should  he  put  temperance^  with  regular 
and  industrious  hahits.  European  residents  on  the  Gold  Coast  are  too  often 
satisfied  with  wearing  apparel  suited  to  the  climate,  overlooking  the  fact  that 
exercise  in  the  open  air  is  just  as  necessary  to  preserve  health  there  as  it  is  in 
Europe.  Many  of  them  likewise  entertain  an  impression  that  the  sun's  rap 
are  hurtful,  whereas  in  nine  cases  out  of  ten  the  mischief  is  done,  not  by  the 
sun's  rays,  but  by  habits  of  personal  economy.  Feeling  sadly  the  wearisome 
sameness  of  life  on  this  part  of  the  coast,  recourse  is  too  frequently  had  to 
stimulants,  instead  of  resorting  to  inexhausting  employments,  the  only  safe 
and  effectual  remedy  against  an  evil  fraught  with  such  lamentable  con- 
sequence&  Europeans  also  bestow  too  little  attention  on  ventilation,  far  more 
harm  being  done  by  close  and  impure  air  during  the  night  than  is  ever 
brought  about  by  exposure  to  the  night  air. 

**  Much  of  the  suffering  is  occasioned  by  over-feeding."    (P.  124.)* 

Sub-Seotion  m — Cape  of  Good  Hope. 

Garrison,  about  3000  men. 

The  chief  stations  are  Cape  Town  (about  45,000  inhabitants),  Graham's 
Town,  King  William's  Town,  Port  Elizabeth,  Algoa  Bay,  and  several  small 
frontier  stations.  At  Natal  there  is  also  a  small  force.  The  climate  is 
almost  everywhere  good;  the  temperature  is  neither  extreme  nor  veiy 
variable ;  the  movement  of  air  is  considerablei 

At  Cape  Town  the  mean  annual  temperature  is  67%  with  a  mean  annual 
range  of  about  38*. 


Tbass. 

ToUl  Deaths. 

Admlwlmn. 

Hew  Dailj  Sick. 

1 

Days  Id 

Hospital  to 

cachSkk 

Man. 

1860-6»— (10  years),  .    . 

1869-74— (6  years),     .     . 

+1876,   

10-87 

1115 

7-80 

978-8 

1022  1 

775-6 

50-24 
87-68 

18-83 
17-78 

Malarious  diseases  are  very  uncommon.  Continued  fevers  (probably 
typhoid)  are  seen  and  are  rather  common,  though  not  very  fatal  In  1859-66 
they  gave  a  mortality  of  1*25  per  1000.  In  1869-74  only  0-35  per  1000. 
In  the  earlier  periods  dysentery  and  diarrhoea  were  very  common ;  they  are 
now  less  so ;  in  many  cases,  especially  in  the  small  frontier  stations,  they 
were  clearly  owing  to  bad  water. 

Ophthalmia  has  prevailed  rather  largely,  especially  in  some  years ;  there 
is  a  good  deal  of  dust  in  many  parts  of  the  colony,  and  it  has  been  attributed 
to  this  ;  the  disease  is  probably  the  specific  ophthalmia  (grey  granulations), 
and  is  propagated  by  contagion.     Whether  it  had  its  origin  in  any  catarrhal 

*  Considerable  interest  in  this  part  of  the  work  was  roused  by  the  occmrence  of  the  AAa^nti 
War  of  1873,  for  an  admirable  account  of  which  see  the  Army  Medical  Reports,  yoL  xr. ,  when 
Sir  Anthony  D.  Home  gives  a  ftill  medical  history  of  the  operations  canied  on.  The  exceUent 
hygienic  arrangements  enabled  the  ardaons  work  of  the  expedition  to  be  acoompliahed  with  a 
comparatively  small  loss.  Bnt  the  few  casualties  in  action  compared  witii  the  deaths  by 
disease  show  by  contrast  how  much  more  deadly  were  the  forces  of  nature  than  those  of  the 
enemy.  26  officers  died,  of  whom  only  five  were  killed  or  died  of  wounds :  18  men  wer«  kilkd 
(white  troops),  whilst  40  died  of  disease ;  of  the  West  Indian  troops  (black)  only  1  was  kiDed, 
whilst  41  died  of  disease.  For  analysis  of  soil  of  Gk)ld  Coast  see  Army  Med.  Reports,  voL  xiv., 
p.  264,  and  for  some  account  of  the  drinking  water,  see  papers  by  Dr  J.  D.  Inemlng  in  vok 
xiv.  and  xv. 

t  Including  the  detachment  at  St  Helena. 
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condition  produced  by  tlie  wind  and  dust,  and  then  became  contagious,  is  one 
of  those  moot  points  whicb  cannot  yet  be  answered. 

The  Cape  has  always  been  noted  for  the  numerous  cases  of  muscular 
rheumatism.  Articular  rheumatism  is  not  particularly  common.  There  is 
also  much  cardiac  disease.  The  prevalence  of  this  affection  has  been 
attributed  to  the  exposure  and  rapid  marches  in  hill  districts  during  the 
Kaffir  wars.     In  1863  there  was,  however,  less  rheumatism  than  usual 

Taking  the  years  1859-66  as  expressing  tolerably  fairly  the  effect,  />er  se, 
of  the  station,  we  find  that  the  whole  colony  gave  18 '3  admissions  and  1'90 
deaths  per  1000  of  strength  from  diseases  of  the  circulatory  organs.  In 
1869-74  the  admissions  were  13*1,  and  the  deaths  1*68;  in  1875  they  were 
13'1  and  1*45  respectively. 

Dr  Lawson^  has  lately  contributed  a  valuable  paper  on  this  subject  He 
finds  the  death  rate  from  diseases  of  the  organs  of  circulation  (mean  of  seven 
years,  1859-65)  as  1*91  per  1000  of  strength.  This  is  higher  than  at  any 
other  foreign  station,  as  will  be  seen  from  the  table  copied  by  Dr  Lawson. 


Mortality  from  Diseases  of  the  Circulatory  Organs. 


Batio  per  1000 
of  Strength. 

Cape  of  Good  Hope,  1  '91 


New  Zealand, 
Australia,  . 
Mauritius  . 
St.  Helena, 
Ceylon, 
Madras, 


M8 
1-72 
•53 
•31 
Ml 
112 


Bombay,     . 
Bengal,  .     . 
South  China, 
West  Indies, 
Jamaica,     . 
Ionia,    .     . 


Ratio  per  1000 
of  Strength. 

.     .  -80 

.     .  -86 

.  1-16 

.  1-02 

.  ^85 

.  -84 


Malta,  . 
Gibraltar, 
Bermuda, 
Nova  Scotia 
Canada,  . 
Home^    . 


Ratio  per  1000 
of  Strength. 

•53 

•70 
1-25 

•84 
M9 

•93 


This  table  shows  an  extreme  diversity,  hardly  to  be  reconciled  with 
differences  of  climate  or  duties.  In  the  years'  1869-74  the  death  rate  was 
1*68,  and  was  exceeded  by  that  of  the  Mauritius,  2*29,  and  that  of  Madras, 
1-99.  In  1875  the  rate  at  the  Cape  was  only  1-45,  while  Ceylon  showed 
3*87,  Bermuda  2*63,  and  Madras  2*05  ;  Mauritius  returning  no  deatL 

Scurvy  formerly  prevailed  much  at  the  Cape,  particularly  in  the  Safiir 
wars. 

Venereal  diseases  have  of  late  years  have  been  very  common.  The  average 
admissions  from  "  enthetic  "  diseases  in  1859-66  were  248-6,  and  in  1867 
they  were  438*3  per  1000  of  strength  in  the  whole  colony.  In  Cape  Town 
alone,  where  facilities  for  promiscuous  intercourse  are  greater,  they  are  even 
more  numerous,  f    Some  diminution  has  taken  place  in  recent  years. 

The  Cape  has  always  been  considered  a  kind  of  sanitarium  for  India.  Its 
coolness  and  the  rapid  movement  of  the  air,  the  brightness  and  clearness  of 
the  atmosphere,  and  the  freedom  from  malaria,  probably  cause  its  salubrity. 
It  has  been  supposed  that  it  might  be  well  to  send  troops  to  the  Cape  for  two 
or  three  years  before  sending  them  on  to  India.  This  plan  has,  I  believe, 
never  been  perfectly  tried  ;  but  in  the  case  of  regiments  sent  on  hurriedly  to 
India  on  emergency  it  has  been  said  that  the  men  did  not  bear  the  Indian 
climate  well.  Probably  they  were  placed  under  unfavourable  conditions,  and 
the  question  is  still  uncertain. 

As  a  convalescent  place  for  troops  who  have  been  quartered  in  a  malarious 
district  it  is  excellent  | 

*  Dr  Lawson  has  published  a  memoir  on  this  sabject  (Army  Medical  Beport,  vol.  v.  p.  838), 
to  which  reference  may  be  made. 

ir  Army  and  Med.  Depart.  Report,  voL  viii  p.  548. 

X  See  effect  on  the  59th  Regiment  in  the  Army  Medical  Report  for  1859,  p.  99. 
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SECTION  VL 

MAURITIUS. 

Garrison,  about  1500  to  2000  men.     Civil  population  (in  1875),  344,601 

Mauritius  in  the  eastern  has  been  often  compared  with  Jamaica  in  the 
western  seas.  The  geographical  position  as  respects  the  equator  is  not  yery 
dissimilar;  the  mean  annual  temperature  (80°  Fahr.)  is  almost  the  same ;  the 
fluctuations  and  undulations  are  more  considerable,  but  still  are  not  excessiTe ; 
the  humidity  of  air  is  nearly  the  same,  or  perhaps  a  little  less  ;  the  rainfall 
(66  to  76  inches)  is  almost  the  same ;  and  the  physical  formation  is  really  not 
very  dissimilar.  Yet,  with  all  these  points  of  similarity  in  climatic  conditions, 
the  diseases  are  very  different 

Malarious  fever  was  formerly  not  nearly  so  frequent  as  in  Jamaica,  and  trae 
yellow  fever  is  quite  unknown ;  Mauritius,  therefore,  has  never  shown  those 
epochs  of  great  mortality  which  the  West  Indies  have  had.  Hepatic  disea^s, 
on  the  other  hand,  which  are  so  uncommon  in  the  West  Indies,  are  very  com- 
mon  in  the  Mauritius.  For  example,  in  1859  there  were  47  cases  of  acute 
and  chronic  hepatitis  in  1254  men,  while  in  Jamaica  there  was  one  case  out 
of  807  men.  In  1860  there  were  31  admissions  from  acute  hepatitis  out  of 
1886  men ;  in  Jamaica,  there  was  not  a  single  case.  In  1862  there  were  13 
cases  of  acute,  11  of  chronic  hepatitis,  and  72  cases  of  hepatic  congestion,  out 
of  2049  men  ;  in  Jamaica,  in  the  same  year,  there  was  only  1  case  of  acute 
hepatitis  out  of  702  men.  This  has  always  been  marked  ;  is  it  owing  to  an 
error  in  diagnosis,  or  to  differences  in  diet  1  It  can  scarcely  be  attribated  to 
any  difference  in  climate.  In  1863  the  difference  was  less  marked,  but  was 
still  evident.  In  later  years,  however,  there  has  been  considerable  diminu- 
tion :  in  1872  there  were  only  4  cases  of  hepatitis,  and  in  1873  only  2.  Since 
that  year  no  detailed  statistics  have  been  published 

In  1866-67  a  very  severe  epidemic  fever  prevailed  in  the  MauiitiuB,  which 
offers  many  points  of  iuterest.  As  already  noted,  the  Mauritius  has  till  lately 
been  considered  to  be  comparatively  free  from  malaria.  All  the  older  writers 
I  have  consulted  state  this,  and  it  is  apparent  from  all  the  statistical  letuiDB. 
Deputy-Inspector  Dr  Francis  Eeid,  in  a  late  report,*  mentions  that  he  had 
served  ten  years  in  the  Mauritius,  and  had  looked  over  the  records  of  the 
troops  for  twenty-four  years.  He  found  some  records  of  intennittents,  bat  he 
traced  all  these  to  foreign  sources,  viz.,  troops  coming  from  India,  China,  of 
Ceylon,  and  presenting  cases  of  relapses. 

For  the  first  time,  in  the  latter  months  of  1866  and  the  commencement  of 
1867,  malarious  fevers  of  undoubted  local  growth  appeared  on  the  westem 
side  of  the  island. 

The  causes  of  this  development  are  traced  by  Dr  Eeid,  and  also  by  Suigeon- 
Major  Small  and  Assistant-Surgeon  W.  H.  T.  Power,  in  some  very  careful 
Beports.!  During  the  last  few  years  a  large  amouat  of  forest  land  has  been 
cleared,  and  there  has  been  much  upturning  of  the  soil ;  coincidently  tbe  rain- 
fall has  lessened,  and  the  rivers  have  become  far  less  in  volume.  At  the  same 
time,  there  has  been  a  large  increase  of  population ;  a  great  defilement  of  the 
ground  in  the  neighbourhood  of  villages  and  towns,  so  that  in  various  parts 
of  the  island  there  has  been  a  constant  drainage  down  of  filth  of  all  kindi 
(vegetable  and  animal)  into  a  loose  soil  of  slight  depth,  resting  on  unpezmeahle 

*  Letter  to  the  Director-General,  Feb.  1867. 

t  Annual  Report  on  the  District  Prison  Hospitals  (in  1867,  Maoritias,  18S8).     On  tiie 
Malarial  Epidemic  Foyer  of  tbe  Mauritiiis,  Army  Med.  Depart  Report,  voL  viiL  p.  442. 
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rock,  which  forms  a  great  deal  of  the  western  seaboard.  In  1866-67  there 
occurred  an  unusually  hot  season,  and  again  a  deficient  rainfall  This  seems 
bo  have  brought  into  active  operation  the  conditions  which  had  been  gradually 
increasing  in  intensity  for  some  years.  The  deyelopment  of  the  mcdaria  was 
Qot  so  much  on  the  regular  marshy  ground  as  on  the  loose  contaminated  soil 
already  noticed. 

That  the  fever  which  in  1866-67  became  so  general  was  of  malarious  type, 
is  proved  by  a  large  amount  of  evidence  on  the  spot  from  both  military  and 
flvil  practitioners,  and  from  the  fact  that  many  soldiers  returned  to  England 
ind  had  at  home  relapses  of  decided  paroxysmal  fevera  Dr  Maclean  also  in- 
forms me  that  he  has  seldom  seen  spleens  so  enlarged  as  among  the  invalids 
from  this  fever,  who  arrived  at  Netley. 

But  in  some  respects  this  fever  presented  characters  different  from  common 
paroxysmal  fevers.  There  was  no  very  great  mortality  among  the  troops,  but 
it  was  excessively  fatal  among  the  inhabitants  of  Port  Louis  and  many  other 
towns  and  villagea  It  also  lasted  for  many  months,  and  was  attended  in 
nany  cases  with  symptoms  not  common  in  common  paroxysmal  fevers,  viz.^ 
^th  yellowness  of  the  skin  and  with  decided  relapses,  closely  resembling  in 
;hese  respects  the  common  relapsing  fever.  Mixed  up  with  it  also  was  de- 
cided typhoid  fever.  The  question  whether  the  great  bulk  of  the  epidemic 
vas  a  purely  paroxysmal  or  malarious  fever,  with  an  independent  subordinate 
mtbreak  of  typhoid  fever,  or  whether  it  was  a  composite  affection  like  the 
*  typho-malanal  fever  "  of  the  American  war,*  or  was  mixed  up  with  the 
sontagious  "  Indian  jail  fever  "  imported  by  Coolies,  is  not  a  matter  very  easy 
jO  decida  The  officers  best  qualified  to  judge  (Drs  Eeid,  Small,  and 
Power)  look  upon  it  as  a  purely  malarious  disease,  and  have  expressed  them- 
jelves  very  strongly  on  this  point  f 

This  much  seems  certain,  that  in  various  parts  of  the  island  the  loose, 
3orous,  shallow  soil  had  been  gradually  becoming  more  and  more  impure  with 
vegetable  matters,  and  in  some  cases  with  animal  excreta ;  that  there  had 
jeen  a  gradual  diminution  of  the  subsoil  water,  and  that  this  reached  its 
naximum  in  1866,  when  the  rains  failed,  and  the  hot  season  was  prolonged. 
There  coincided,  then,  an  unusual  impurity  of  soil,  lowered  subsoil  water, 
consequent  increased  access  of  air,  and  heightened  temperature.  Under  these 
conditions,  a  usually  non-malarious  soil  gave  rise  to  an  epidemic  fever,  which 
vas  characterised  (chiefly  at  any  rate)  by  the  symptoms  referred  to  the 
lotion  of  marsh  miasmata,  and  was  curable  by  quinine.  The  admissions 
■or  paroxysmal  fevers  alone  were,  in  1875,  586*5  per  1000,  and  in  1869-75 
five  years)  722*3  per  1000  as  a  mean. 

In  the  Mauritius,  as  in  Jamaica,  a  "  continued  fever "  is  not  uncommon ; 
ibis  is  now  being  returned  in  part  as  typhoid.  {  It  has  occasionally  been 
mported.  There  are  fevers  vaguely  named  "  bilious  remittent,"  "  Bombay 
'ever,"  "  Coolie  fever,"  &a  The  last  term  denotes  the  communicable  fever  so 
common  in  the  jails  in  the  Bengal  Presidency.  It  prevailed  in  the  jails  in 
he  Mauritius  in  1863  and  1864,  among  the  Hindoo&  The  "  Bombay  fever  " 
s  probably  typhoid.     Dysentery  and  diarrhoea  have  largely  prevailed,  but  are 

*  As  described  bv  Woodward,  Cemp  Diseases  of  the  United  States  Armies,  by  J.  J. 
Voodward,  M.D.,  Philadelphia,  1868,  p.  77. 

f  The  two  latter  gentlemen  say,  op,  cU.  p.  453—"  It  was  entirely  of  malarious  origin,  and 
Q  every  form,  we  might  say,  perfectly  corable  by  the  administration  of  quinine  in  large  doses." 
['hetie  observers  entirely  denvthat  it  nad  any  contagious  properties. 

X  Dr  Reid  has  no  doubt  of  the  frequent  occurrence  of  typhoid  for  many  years.  He  mentions 
ji  interesting  fact,  viz.,  that  patients  with  true  enteric  fever  were  also  affected  with  the 
nalarions  epideiuic  fever ;  this  latter  was.  however,  easily  curable  by  quinine,  but  the  typhoid 
ever,  which  was  also  present,  was  quite  unaffected. 

2t 
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now  becoming  less  frequent,  though  still  in  too  great  amotint.  In  tfau 
respect  Jamaica  now  contrasts  very  favourably  with  the  MauritiuB ;  thus,  k 
1860,  there  was  altogether  213  adnussions  per  1000  of  dysentery  and  dianhcen, 
and  6*8  deaths  per  1000 ;  in  Jamaica,  in  the  same  year,  there  was  not  a  singk 
admission  from  dysentery,  and  only  19  from  diarrhoea,  among  594  men,  aod 
no  death.  Cholera  has  prevailed  five  times — ^first  in  1819;  not  afterwards 
till  1854;  then  again  in  1856,  1859,  and  1861.  (It  appears  to  have  been 
imported  in  all  these  cases.)  Formerly  there  was  a  large  mortality  from  lung 
diseases ;  now,  as  in  Jamaica,  this  entry  is  much  less,  not  more  than  half  that 
of  former  days.  The  deaths  from  phthisis  per  1000  of  strength  were,  in 
1860,  -521;  in  1861,  1*03;  in  1862,  1*94  (but  in  this  year  11  men  were 
invalided  for  phthisis);  and  in  1863,2;  in  1875  no  death  was  recorded. 
Venereal  (enthetic)  diseases  formerly  gave  about  110  to  130  admissions  per 
1000  of  strength,  but  they  are  now  greatly  diminished.  Ophthalmia  prevails 
moderately ;  to  nothing  like  the  same  extent  as  at  the  Cape. 

In  the  earlier  periods,  owing  to  the  absence  of  yellow  fever,  the  mortality 
of  the  Mauritius  contrasted  favourably  with  that  of  Jamaica,  but  now  it  u 
greater.  In  1876  the  death-rate  of  the  Mauritius  was  6*81,  that  of  the 
West  Indies  generally  only  3*68. 

Per  1000  of  Strength, 
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SECTION  VIL 
CEYLON.* 

Garrison,  800  to  1000  white  troops;  and  about  100  gun-lascars  (black). 
Population,  2,400,000  (in  1871),  including  about  5000  Europeans.  The 
stations  for  the  white  troops  are  chiefly  Gaile,  Colombo,  Kandy,  and  Tiin- 
comalee,  with  a  convalescent  station  at  Newera  Ellia  (6200  feet  above  sea- 
level).     The  black  troops  are  more  scattered,  at  Badulla,  Pultan,  Jaffna,  Ac 

Geology. — A  considerable  part  of  the  island  is  composed  of  granite,  gneies, 
and  hornblende  granite  rocks;  these  have  become  greatly  weathered  and 
decomposed,  and  form  masses  of  a  conglomerate  called  "  cabook,"  which  is 
clayey  like  the  laterite  of  India,  and  is  used  for  building.  The  soil  is  derived 
from  the  debris  of  the  granite ;  is  said  to  absorb  and  retain  water  eagerly.  In 
some  parts,  as  at  Kandy,  there  is  crystalline  limestone. 

Climate. — This  differs,  of  course,  exceedingly  at  different  elevations.  At 
Colombo,  sesrlevel,  the  climate  is  warm,  equable,  and  limited.  Mean  annual 
temperature  about  81'.  Mean  temperature — April,  82***70 ;  January,  78*-19; 
amplitude  of  the  yearly  fluctuation  =  4° -61.  April  and  May  are  the  hottest 
months  ;  January  and  December  the  coldest  Amount  of  rain  about  74 
inches  ;  the  greatest  amount  falls  in  May  with  the  S.W.  monsoon  (about  13 

♦  For  a  fuU  account,  see  Sir  K  Tennant's  Ceylon. 
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to  14  inches) ;  and  again  in  October  and  November  witb  the  N.E.  monsoon 
(about  10  to  12  inches)  in  each  month.  Rain,  however,  falls  in  every  month, 
the  smallest  amount  being  in  February  and  March.  The  heaviest  yearly  fall 
ever  noted  was  120  inches.  The  relative  humidity  is  about  80  per  cent,  of 
saturation.  The  S.W.  monsoon  blows  from  May  to  September,  and  the  N.E. 
monsoon  during  the  remainder  of  the  year,  being  unsteady  and  rather  diverted 
from  its  course  (long-shore  wind)  in  February  and  March.  The  mean  hori- 
zontal movement  during  the  year  1872  was  125  miles  j  in  1870  it  was  139 
miles,  or  rather  under  6  miles  an  hour. 

At  Kandy  (72  miles  from  Colombo,  1676  feet  above  sea-level),  the  mean 
temperature  is  less,  3**  to  S"" ;  the  air  is  stiU  absolutely  humid,  though  relatively 
rather  dry.  At  9*30  a.m.  the  mean  annual  dew-point  is  70° '4,  and  at  3*30 
p'm.  it  is  71°'54.  This  corresponds  to  8*11  and  8*42  grains  in  a  cubic  foot 
of  air  ;  as  the  mean  temperature  at  these  times  is  76*37  and  79*27,  the  mean 
annual  relative  humidity  of  the  air  at  9*30  a.m.  and  3*30  p.m.  is  71  and  63 
per  cent  of  saturation.  The  heat  is  oppressive,  as  Kandy  lies  in  a  hollow,  as 
in  the  bottom  of  a  cup. 

At  Newera  £Uia  (48  miles  from  Kandy,  6210  feet  high)  is  a  large  table- 
land, where,  since  1828,  some  Europeans  have  been  stationed  ;  the  climate  is 
European,  and  at  times  wintry ;  the  thermometer  has  been  as  low  as  29*",  and 
white  frosts  may  occur  in  the  early  morning  in  the  coldest  months.  The 
mean  annual  temperature  is  about  59^* 

In  the  dry  season  (January  to  May)  the  thermometer^s  daily  range  is  exces- 
sive I  the  thermometer  may  stand  at  29°  at  daybreak,  and  at  8  A.M.  reach  62° ; 
at  mid-day  it  wiU  mark  70*  to  74°,  and  then  fall  to  50°  at  dark.  In  one  day 
the  range  has  been  from  27*  to  74°  =«  47°.  The  air  is  very  dry,  the  difference 
between  the  dry  and  wet  bulbs  being  sometimes  15°.  Assuming  the  dry 
bulb  to  mark  70°,  this  will  give  a  relative  humidity  of  only  38  per  cent  of 
saturation  ;  the  barometer  stands  at  about  24*25  inches.  Although  the 
diurnal  range  of  temperature  is  thus  so  great,  it  is  equable  from  day  to  day. 

Such  a  climate,  with  its  bright  sun  and  rarefied  air,  an  almost  constant 
breeze,  and  an  immense  evaporating  force,  seems  to  give  us,  at  this  period,  the 
very  beau  ideal  of  a  mountain  climata 

In  the  wet  season  (May  or  June  to  November)  aU  these  conditions  are  re- 
versed. The  mean  thermometer  of  24  hours  is  about  59°,  and  the  range  is 
only  from  56°  at  daybreak  to  62°  at  midday  ;  during  the  height  of  the  mon- 
soon, there  are  about  30  inches  of  rainfall,  and  sometimes  as  much  as  70 ;  the 
air  is  often  almost  saturated  The  mean  of  three  years  (1870-72)  gives  no  less 
than  94^  inches. 

Two  more  striking  climatic  differences  than  between  January  and  June  can 
hardly  be  conceived,  yet  it  is  said  Newera  Ellia  is  equally  healthy  in  the  wet 
as  in  the  dry  season ;  the  human  frame  seems  to  accommodate  itself  to  these 
great  vicissitudes  without  difficulty.  The  most  unhealthy  times  are  at  the 
changes  of  the  monsoons. 

Although  there  is  some  moist  and  even  marshy  ground  near  the  station, 
€igue  is  not  common,  though  it  is  seen  ;  the  temperature  is  too  low  in  the  dry 
season,  and  the  f aU  of  rain  too  great  in  the  wet  Typhoid  fever  is  seen,  and 
may  be  combined  with  periodic  fever  (Massy,  in  "  Army  Med.  Reports,"  voL 
viii  p.  499).  It  is  said  that  dyspepsia,  hepatic  affections,  and  nervous  affec- 
tions are  much  benefited ;  phthisis  is  so  to  some  extent,  but,  it  would  appear, 
scarcely  so  much  as  European  experience  would  have  led  us  to  expect ;  rheu- 

*  I  have  taken  many  of  these  factn  from  an  exceUent  Report  by  ABsistant-Snrgeon  B.  A. 
Allan,  which  I  had  the  advantage  of  reading,  as  well  as  from  Sir  Ht.  Tennanf  s  book. 
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matism  does  not  do  well,  nor,  it  is  said,  chronic  dysentery ;  but  it  would  be 
very  desirable  to  test  this  point,  as  well  as  that  of  the  influence  on  phthigis 
carefully.  The  so-called  "hill  diarrhoea"  of  India  prevailed  in  1865,  thoug^ 
before  this  it  was  unknown.  Dysentery  has  sometimes  prevailed,  and  ia 
caused  in  some  cases  by  bad  water  (Massy). 

The  soil  of  Newera  Ellia  is  chiefly  decomposed  gneiss ;  it  is  described  by  Dt 
Massy  as  being  as  hygroscopic  as  a  sponge ;  the  contents  of  cesspools  easily 
traverse  it,  and  the  removal  of  excreta  demands  great  care. 

The  neighbouring  Horton  Hills  are  said  to  be  even  better  than.  Newen 
Ellia  itsell  Probably  in  the  whole  of  Hindustan,  a  better  sanitary  station 
does  not  exist  It  is  inferior,  if  it  be  inferior,  only  to  the  Neilgherries^  and 
one  or  two  of  the  best  Himalayan  stations. 

Sickness  and  MortalUy  *  of  Europeans  per  1000  of  Strength, 
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Among  the  black  troops,  now  reduced  to  about  100  altogether,  in  Ceylon 
(1860-69)  the  admissions  averaged  1011,  and  the  deaths  15-17,  per  1000  of 
strength.  In  1870  the  total  mortality  was  9*44  per  1000.  The  chief  causes 
of  admissions  were  paroxysmal  fevers,  and  of  deaths,  cholera,  dysentery,  and 
paroxysmal  fevers.  "  Continued  fever "  also  figures  among  the  returns,  but 
was  less  common  in  the  later  years.  The  average  number  constantly  sick 
was  about  32,  and  the  duration  of  the  cases  10  or  1 1  days. 

In  Ceylon,  therefore,  the  black  troops  were  healthier  than  the  white,  con- 
trasting in  this  remarkably  with  the  West  Indiea 

In  conclusion,  it  may  be  said  that  much  sanitary  work  still  remains  to  be 
done  in  Ceylon  before  the  state  of  the  white  troops  can  be  considered  satis- 
factory. 

SECTION  VIIL 

INDIA. 

About  60,000  Europeans  are  now  (1877)  quartered  in  India,  and  there  is 
in  addition  a  large  native  army.  In  this  place  the  Europeans  wiU  be  chiefly 
referred  to,  as  it  would  require  a  large  work  to  consider  properly  the  health 
of  the  native  troops,  f 

The  60,000  Europeans  are  thus  distributed  : — About  38,000  are  serving 
in  the  Bengal  Presidency,  which  includes  Bengal  proper,  the  North-West 
Provinces,  the  Punjab,  and  the  Trans-Indus  stations.     About  11,500  are 

*  In  1876  the  death-rate  was  only  7 '43. 

t  The  general  principles  of  hygiene  are  of  course  to  be  applied  in  the  case  of  the  natires  of 
Hindustan,  and  so  far  there  is  nothing  unusual.  In  the  chapter  on  Food  I  have  purposely  in- 
cluded the  chief  articles  of  diet ;  the  question  of  water  and  air  is  the  same  for  all  nations,  and 
other  hyffienic  rules  of  clothing  or  exercise  can  be  easily  applied  to  them.  But  their  health  is 
much  influenced  by  their  customs,  which  are  in  many  races  peculiar.  The  only  proper  way  of 
treating  such  a  subject  would  be  by  a  work  on  the  hygiene  of  India  geneially,  including  tke 
native  army  as  a  branch  of  the  community. 
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fierving  in  the  Madras  Presidency,  which  also  garrisons  some  parts  of  the  coast 
of  Burmah,  and  sends  detachments  of  native  troops  to  the  Straits  of  Malacca. 
About  10,500  are  serving  in  the  Bombay  Presidency.^  The  troops  consist 
of  all  arms. 

These  men  are  serving  in  a  country  which  includes  nearly  28**  of  lai  and 
33**  of  long.,  and  in  which  the  British  possessions  amount  to  1,465,322 
square  miles.  Stretching  from  within  8"*  of  the  equator  to^  13°  beyond  the 
line  of  the  tropics,  and  embracing  countries  of  every  elevation,  the  climate  of 
Hindustan  presents  almost  every  variety  ;  and  the  troops  serving  in  it,  and 
moving  from  place  to  place,  are  in  turn  exposed  to  remarkable  differences  of 
temperature,  degrees  of  atmospheric  humidity,  pressure  of  air,  and  kind  and 
force  of  wind,  &c. 

Watered  by  great  rivers  which  have  brought  down  from  the  high  lands 
vast  deposits  in  the  course  of  ages,  a  considerable  portion  of  the  surface  of 
the  extensive  plains  is  formed  by  alluvial  deposit,  which,  under  the  heat  of 
the  sun,  renders  vast  districts  more  or  less  malarious ;  and  there  are  certain 
parts  of  the  country  where  the  development  of  malaria  is  probably  as  intense 
as  in  any  part  of  the  world  A  population,  in  some  places  thickly  clustered, 
in  others  greatly  scattered,  formed  of  many  races  and  speaking  many  tongues, 
and  with  remarkably  diverse  customs,  inhabits  the  country,  and  indirectly 
affects  very  greatly  the  health  of  the  Europeans. 

Cantoned  over  this  country,  the  soldiers  are  also  subjected  to  the  special 
influences  of  their  barrack  life,  and  to  the  peculiar  habits  which  tropical 
service  produces. 

We  can  divide  the  causes  which  act  on  the  European  force  into  four 
subsections — 

1.  The  country  and  climata 

2.  The  diseases  of  the  nativea 

3.  The  special  hygienic  conditions  under  which  the  soldier  is  placed. 

4.  The  service,  and  the  individual  habits  of  the  soldier. 

Sub-Sbction  L — ^Thb  Country  and  Cumatb. 

The  geological  structure  and  the  meteorological  conditions  are,  of  course, 
extremely  various,  and  it  is  impossible  to  do  more  than  glance  at  a  few  of  the 
chief  points. 

1.  Soilf — ^There  is  almost  every  variety  of  geological  structure.  In  the 
north-west,  the  vast  chain  of  the  Himalayas  is  composed  of  high  peaks  of 
granite  and  gneiss  ;  while  lower  down  is  gneiss  and  slate,  and  then  sandstone 
and  diluvial  detritua  Stretching  from  Cape  Comorin  almost  to  Guzerat, 
come  the  great  Western  Ghauts,  formed  chiefly  of  granite,  with  volcanic 
rocks  around;  and  then  stretching  from  these,  come  the  Yindhya  and 
Satpoora  Mountains,  which  are  chiefly  volcanic,  and  inclose  the  two  great 
basins  of  the  Taptee  and  Nerbudda  rivers.  Joining  on  to  the  Yindhya,  come 
the  AravaUi  Hills,  stretching  towards  Delhi,  and  having  at  their  highest  point 
Mount  Aboo,  which  is  probably  destined  to  become  the  great  health  resort  of 
that  part  of  India. 

On  the  east  side,  the  lower  chain  of  the  Eastern  Ghauts  slopes  into  the 
table-land  of  the  Deccan ;  and  at  the  junction  of  the  Eastern  and  Western 
Ghauts  come  the  Neilgherry  Hills,  from  8000  to  9000  feet  above  sea-level, 

*  For  brevity,  it  is  customary  to  speak  of  serving  in  Bengal,  Bombay,  or  Madras,  when 
spebking  of  the  Presidency,  so  that  these  names  are  sometimes  applied  to  the  cities,  sometimes 
to  the  presidencies  ;  but  a  little  care  will  always  distinguish  which  is  meant. 

t  See  Carter's  Summary  of  the .  Qeology  of  India,  in  the  Journal  of  the  Bombay  Asiatic 
Society's  Transactions,  1853. 
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and  formed  of  granite,  syenite,  hornblende,  and  gneiss.     But  to  enumerate  all 
the  Indian  mountains  would  be  impossibla 

Speaking  in  yery  general  terms,  the  soil  of  many  of  the  plains  may  be 
classed  under  four  gi'eat  heading& 

(a)  Alluvial  soil,  brought  down  by  the  great  rivers  Ganges,  Indus, 
Brahmapootra,  rivers  of  Nerbudda,  Guzerat^  &c.  It  is  supposed  that  about 
one-third  of  all  Hindustan  is  composed  of  this  alluvium,  which  is  chiefly 
siUceous,  with  some  alumina  and  iron.  At  points  it  is  very  stiff  with  clay- 
as  in  some  parts  of  the  Punjab,  in  Scinde,  and  in  some  portion  of  Lower 
Bengal  Underneath  the  aUuvial  soil  lies,  in  many  places,  the  so-called 
clayey  laterite.     Many  of  the  stations  in  Bengal  are  placed  on  alluvial  soil 

This  alluvial  soil,  especially  when,  nob  far  from  the  surface,  clayey  lateritn 
is  found,  is  often  malarious ;  sometimes  it  is  moist  only  a  foot  or  two  from 
the  surface  ;  and,  if  not  covered  by  vegetation,  is  extremely  hot 

As  a  rule,  troops  should  not  be  located  on  it  Whatever  be  done  to  the 
spot  itself — and  much  good  may  be  done  by  efficient  draining — the  inHuences 
of  the  surrounding  country  cannot  be  obviated  Europeans  can  never  be 
entirely  free  from  the  influences  of  malaria.  There  ia  but  one  perfect  remedy ; 
to  lessen  the  force  in  the  plains  to  the  smallest  number  consistent  with 
military  conditions,  and  to  place  the  rest  of  the  men  on  the  higher  landa 

Somewhat  different  from  the  alluvial  is  the  soil  of  certain  districts,  such  as 
the  vast  Eunn  of  Cutch,  which  have  been  the  beds  of  inland  seas,  and  mfw 
form  immense  level  marshy  tracks,  which  are  extremely  malarious.  The 
Eunn  of  Cutch  contains  7000  square  miles  of  such  country. 

(b)  The  so-called  "  regur,"  or  "  cotton  soil,"  formed  by  disintegrated  basalt 
and  trap,  stretches  down  from  Bundelcund  nearly  to  the  south  of  the 
peninsula,  and  spreads  over  the  table-land  of  Mysore,  and  is  common  in  the 
Deccan.  It  is  often,  but  not  always,  dark  in  colour.  It  contains  little 
vegetable  organic  matter  (1 '5  to  2*5  per  cent),  and  is  chiefly  made  up  of  sand 
(70  to  80  per  cent),  carbonate  of  lime  (10  to  20  per  cent),  and  a  little 
alumina.  It  is  very  absorbent  of  water,  and  is  generally  thought  unhealthy. 
It  is  not  so  malarious  as  the  alluvium,  but  attacks  of  cholera  have  been 
supposed  to  be  particularly  frequent  over  this  soil 

(c)  Eed  soil  from  disintegration  of  granita  This  is  sometimes  loamy,  at 
other  times  clayey,  especially  where  felspar  ia  abundant  The  clay  is  often 
very  stiff. 

(d)  Calcareous  and  other  soils  scattered  over  the  surface,  or  lying  beneath 
the  alluvium  or  cotton  soil  There  are,  in  many  parts  of  India,  large  masses 
of  calcareous"  (carbonate  of  lime)  conglomerate,  which  is  called  kunkur.  It 
is  much  used  in  Bengal  for  footpaths  and  pavements. 

In  Behar,  and  some  other  places,  the  soil  contains  large  quantities  of  nitre, 
and  many  of  the  sand  plains  are  largely  impregnated  with  salts. 

2.  Temperature, — There  is  an  immense  variety  of  temperature.  Towards 
the  south,  and  on  the  sea-coast,  the  climate  is  often  equable  and  unifonn. 
The  amplitudes  of  the  annual  and  diurnal  fluctuations  are  small,  and  in  some 
places,  especially  those  which  lie  somewhat  out  of  the  force  of  the  south-w^ 
monsoon,  the  climate  is  perhaps  the  most  equable  in  the  world. 

At  some  stations  on  the  southern  coast,  the  temperature  of  the  sun's  zenith 
is  lower  than  at  the  declination,  in  consequence  of  the  occurrence  of  clouds 
and  rain,  brought  up  by  the  south-west  monsoon. 

In  the  interior,  on  the  plateaux  of  low  elevation,  the  temperature  is  greater, 
and  the  yearly  and  diurnal  fluctuations  are  more  marked.  On  the  hill  stations 
(6000  to  8000  feet  above  sea-level),  the  mean  temperature  is  much  less ;  the 
fluctuations  are  sometimes  great^  sometimes  inconsiderable. 


The  influence  ot  viuds  u  very  great  on  tlie  temperature ;  tlie  eea-winds 
loweriog  it,  hot  land  winds  raising  it  greatly. 

The  temperature  in  the  sun's  rays  ranges  as  high  as  166°  or  170°,  but  the 
mean  son  nys'  temperature  is,  with  great  diffeiences  in  different  places^ 
between  130°  and  160°  at  the  hottest  time  of  the  year. 

The  air  temperature  of  a  few  of  the  pnucipal  stations  is  sabjoined,  merely 
to  give  an  idee  of  the  amount  of  heat  in  different  parte  of  the  country,* 
Those  of  the  hill  etatioos  are  given  under  thifi  proper  headinga 

Mean  Temperature  caid  Setghi,  above  Sea-level,  oj  aomeofOte  lari^ar 


I    Amplitude  or  rFirlffloctutliiot  [ 


The  increase  and  the  amplitude  of  the  yearly  fluctuatioa  is  thus  seen  as  we 
puss  to  the  north,  and  ascend  above  sea-level. 

In  eeveml  places  there  ore  great  undulations  of  temperature  from  hot  land 
winds,  or  from  sea  or  shore  breezes,  or  from  mountain  currents,  which  give 
to  the  place  local  peculiarities  of  temperature. 

To  get  the  same  mean  annual  temperature  as  in  England,  it  would  be 
necessary  that  9500  feet  be  ascended  in  placee  south  of  lat  20°  j  between  lat. 
20'  and  26°,  9000  feet ;  between  lat.  2i>°  and  30°,  8700  feet ;  and  north  of 
lat.  30°,  8500. 

The  mean  monthly  temperatures  would,  however,  at  such  elevations,  differ 
somewhat  from  those  of  England.  Speaking  generally,  an  elevation  of  5000 
to  6000  fact  will  give  over  the  whole  of  India  a  mean  annual  temperature 
about  10°  higher  than  that  of  England,  and  with  a  rather  smaller  range. 

Mr  Glaisher  has  calculated  that  in  the  cold  months  the  decrease  of  tempera- 
ture  is  1°'05  for  each  300  feet  of  ascent,  but  increases  from  March  to  August 


*  These  ue  taken  f^m  Mr  Olaiiiber'B  very  «ice11ent  report  in  the  Indiim  Ssnitmry  Cominis- 
jn,  which  must  be  consulted  for  fuller  iletaili.    Very  full  lucteorologiciil  retiimi  am  doit 
..  T. ._  .,.1.  t.._.^ —  „._..  .__■._  jjjg  jjjj^  preildencie*,  and  in  ft 
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to  4''*5,  and  then  gradually  declines.  These  lesults  are  not  accordant  with 
the  recent  halloon  ascents  in  this  climate. 

Humidity, — ^The  humidity  of  different  parts  of  India  varies  extremely  ; 
there  are  climates  of  extreme  humidity — either  flat,  hot  plains,  like  Lx>wer 
Scinde,  where,  without  rain,  the  hot  air  is  frequently  almost  saturated,  and 
may  contain  10  or  11  grains  of  vapour  in  a  cuhic  foot ;  or  mountain  ranges 
like  Dodabetta,  in  Madras,  8640  feet  above  sea-level,  where,  during  the  rainy 
season^  the  air  is  also  almost  saturated ;  a  copious  rain,  at  certain  times  of  the 
year,  may  make  the  air  excessively  moist,  as  on  the  Malabar  coast,  the  coast 
of  Tenasserim,  or  on  the  Khasyah  Hills,  where  the  south-west  monsoon  parts 
with  its  vapours  in  enormous  quantitie& 

On  the  other  hand,  on  tTie  elevated  table-land  of  the  interior,  and  on  the 
hot  plains  of  North-West  India,  during  the  dry  season,  or  in  the  places  ex- 
posed to  the  land  winds  at  any  part,  the  air  is  excessively  dry.  In  the 
Deccan  the  annual  average  of  the  relative  humidity  is  only  55  per  cent,  of 
saturation  (Sykes).  Mr  Glaisher  has  given  the  humidity  of  many  places.  I 
extract  a  few  stations  : — 

Mean  Humidity  per  cent. 
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The  mean  relative  humidity  at  Greenwich  is  82,  varying  from  89  in 
December  and  January  to  76  in  July.  Calcutta,  therefore,  with  a  mean  yearly 
humidity  of  68  per  cent  of  saturation,  is,  as  far  as  relative  humidity  (tie., 
evaporating  power)  goes,  less  moist  than  England,  and  the  evaporating  power 
is  also  increased  by  the  higher  temperature. 

Rain, — The  amount  of  rain  and  the  period  of  fall  vary  exceedingly  in  the 
different  places.     It  is  chiefly  regulated  by  the  monsoons. 

When  the  south-west  monsoon,  loaded  with  vapour,  first  strikes  on  high 
land,  as  on  the  Western  Ghauts,  on  the  Malabar  coast,  or  on  the  mountains 
of  Tenasserim,  and  especially  on  the  mountains  of  the  Khasyah  HiUs,  at  some 
points  of  which  it  meets  with  a  still  colder  air,  a  deluge  of  rain  falls  ;  as,  for 
example,  at  Cannanore  (Malabar),  121  inches  ;  Mahableshwur,  253  inches ; 
Moulmein  (Tenasserim),  180  inches  ;  Cherrapoonjee  (Khasyah  Hills),  600 
inches.  On  the  other  hand,  even  in  places  near  the  sea,  if  there  is  no  high 
land  and  the  temperature  is  high,  scarcely  any  rain  falls ;  as  in  Aden,  on  tibe 
south  coast  of  Arabia,  or  at  Kota,  in  Scinde,  where  the  amount  is  only  I'S 
annually,  or  Kurrachee,  where  the  yearly  average  is  only  4 '6  inches.  Or  in 
inland  districts,  the  south-west  monsoon,  having  lost  most  of  its  water  as  it 
passed  over  the  hills,  may  be  comparatively  dry,  as  at  Nusserabad,  where  only 
16*8  inches  fall  per  annum,  or  Peshawur,  where  there  are  13  "7  inches 
annually. 

The  yearly  amount  of  rain  in  some  of  the  principal  stations  is — 
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Average. 

Average 

Calcutta, 

.     56-8 

Madras  Presidency — 

Madras, 

.     50 

Bellary, 

.     21-7 

Bombay, 

.     72-7 

Bangalore, 

.     35 

Bengal  Presidency — 

Trinchinopoly,    . 

.     30-6 

Dinapore,  . 

.     311 

Secunderabad,     • 

.     34-6 

Berhampore, 

.     49-8 

Benares,     . 

.     37-4 

Ghazeeporo, 

.     41-4 

Bombay  Presidency — 

Azimghur, 

.     40 

Belgaum,    . 

.     51-5 

Agra, 

.     27-9 

Poonah, 

.     27-6 

Delhi, 

.     251 

Neemuch,  . 

.     341 

Meerut, 

.     18 

Kamptee,   . 

.     21-8 

Punjab,      . 

.     56-6 

Wivds, — The  general  winds  of  India  are  the  north-east  monsoon,  which  is, 
in  fact,  the  great  north-east  trade  wind,  and  the  south-west  monsoon,  a  wind 
caused  by  the  aspiration  of  the  hot  earth  of  the  continent  of  Asia,  when  the 
sun  is  at  its  northern  declination.  During  part  of  the  year  (May  to  August) 
the  south-west  monsoon  forces  back  the  trade-wind  or  throws  it  up,  for  at 
great  altitudes  the  north-east  monsoon  blows  through  the  whole  year,  and 
the  south  west  monsoon  is  below  it  But,  in  addition,  there  are  an  immense 
number  of  local  winds,  which  are  caused  by  the  effect  of  hills  on  the 
monsoons,  or  are  cold  currents  from  hills,  or  sea  breezes,  or  shore  winds 
caused  by  the  contact  of,  sea  breezes  and  other  winds,  or  by  the  first  feeble 
action  of  the  south-west  monsoon  before  it  has  completely  driven  back  the 
north-east  trade.  The  south-west  monsoon  is  in  most  of  its  course  loaded 
with  vapour ;  the  north-east  is,  on  the  contrary,  a  colder  and  drier  wind, 
except  when  at  certain  times  of  the  year,  in  passing  over  the  Indian  Ocean,  it 
takes  up  some  water,  and  reaches  the  Coromandel  Coast  and  Ceylon  as  a 
moist  and  rain-canying  wind. 

The  hot  land  winds  are  caused  by  both  the  south-west  monsoon,  after  it 
has  parted  with  its  moisture  and  got  warmed  by  the  hot  central  plains,  and 
the  north-east  monsoon ;  the  temperature  is  very  great,  and  the  relative 
humidity  very  small,  the  difference  between  the  dry  and  the  wet  bulb  being 
sometimes  15'  to  25'  Fahr. 

Pressure  of  the  Air, — On  this  point  little  need  be  said.  The  barometer  is 
very  steady  at  most  sea-coast  stations,  with  regular  diurnal  oscillations,  chiefly 
caused  by  alteration  in  humidity.  An  elevation  of  5000  feet  lowers  the 
barometer  to  nearly  25  inches. 

Electricity. — On  this  point  few,  if  any,  experiments  have  been  made ;  the 
air  is  extremely  charged  with  electricity,  especially  in  the  dry  season,  and  the 
dust-storms  are  attended  with  marked  disturbance  of  the  electrometer.* 

Effects  of  Climate. — ^The  estimation  of  the  effects  of  such  various  climates 
is  a  task  of  great  difficulty.  Long-continued  high  temperature,  alternations 
of  great  atmospheric  dryness  and  moisture,  rapidly  moving  and  perhaps  dry 
and  hot  air,  are  common  conditions  at  many  stations ;  at  others,  great  heat 
during  part  of  the  year  is  followed  by  weather  so  cold  that  even  in  England 
it  would  be  thought  keen.  When  to  these  influences  the  development  of 
malaria  is  added,  enough  has  been  said  to  show  that,  a  priori,  we  can  feel 
certain  that  the  natives  of  temperate  climates  will  not  support  such  a  climate 
without  influence  on  health,  and  the  selection  of  healthy  spots  for  troops  is  a 


*  See  Baddele/s  WhirlwincU  and  Dust  Storms  of  India  (1860),  for  a  very  good  account 
of  these  singular  storms. 
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matter  of  the  greatest  moment  as  affects  both  health  and  comfort.  This 
much  being  said,  it  must  at  the  same  time  be  asserted  that^  malaria  excepted, 
the  influences  of  climate  are  not  the  chief  causes  of  sickness. 

The  location  of  troops  should  be  governed  by  two  or  three  conditions — 1. 
Military  necessities ;  2.  Convenience ;  3.  Conditions  of  health.  The  second 
of  these  conditions  is,  however,  a  mere  question  of  administration ;  every 
place  can  be  made  convenient  in  these  days  of  railway  and  easy  locomotion. 
Military  necessity  and  health  are  the  only  red  considerations  which  should 
guide  our  choice.  The  vital  military  points  must  be  held  with  the  neceaeaiT 
forces,  and  then  the  whole  of  the  remaining  troops  can  be  located  on  the  most 
healthy  spots. 

These  spots  cannot  be  in  the  plains.  Let  any  one  look  at  a  geological  map 
of  India,  and  see  the  vast  tract  of  alluvial  soil  which  stretches  from  the  loose 
soil  of  Calcutta,  formed  by  the  deposit  of  a  tidal  estuary,  up  past  Cawnpore, 
Delhi,  to  the  vast  plains  of  the  Punjab,  Scinde,  and  Belooclustan.  The 
whole  of  that  space  is  more  or  less  malarious,  and  will  continue  to  be  so  until, 
in  the  course  of  centuries,  it  is  brought  into  complete  tillage,  drained,  and 
cultivated.  Moreover,  heat  alone  without  malaria  tells  upon  the  European 
frame,  lessens  the  amount  of  respiration  and  circulation,  and  lowers  digestive 
power  (see  Climatb,  page  433). 

In  looking  for  healthy  spots,  where  temperature  is  less  tropical,  and 
malarious  exhalations  less  abundant,  there  are  only  two  classes  of  localities 
which  can  be  chosen — seaside  places  and  highlands. 

Seaside  Places, — The  advantages  of  a  locality  of  this  kind  are,  the  reduc- 
tion in  temperature  caused  by  the  expanse  of  water,  the  absence  of  excessive 
dryness  of  the  air,  and  the  frequent  occurrence  of  breezes  from  the  sea.  All 
these  advantages  may  be  counteracted  by  the  other  features  of  the  place ;  by 
a  damp  alluvial  soil,  bad  water,  &c. 

It  does  not  appear  that  many  eligible  places  have  yet  been  foand,  and  as 
a  substitute  in  Bengal,  the  Europeans  from  Calcutta  sometimes  live  on  board 
a  steamer  anchored  off  the  sandheads,  thus  literally  carrying  out  a  su^estion 
of  Lind  in  the  West  Indies  a  century  ago. 

In  the  Bay  of  Bengal,  Waltair,  in  the  northern  division  of  Madras,  is  one 
of  the  best.*  Cape  Calimere  (28  miles  south  of  Kagapatam)  also  appears  to 
have  many  advantages  (Macpherson).  On  the  opposite  coast.  Cape  !N^7Bis 
on  the  Burmese  coast,  was  pointed  out  as  long  ago  as  1825,  by  Sir  Eanald 
Martin,  as  a  good  marine  sanitarium,  and  Amherst  in  Tenasserim,  and  some 
of  the  islands  down  the  coast  towards  Mergui,  are  beautiful  spots  for  such  a 
purpose,  being,  however,  unfortunately,  at  a  great  distance  from  the  large 
military  stations,  and  not  being  well  supplied  with  food 

On  the  Bombay  side,  at  Sedashagur  or  Beitkul  Bay,  between  Mangalore 
and  Goa,  a  spur  of  the  Western  Ghauts  projects  into  the  sea  for  upwards  of 
a  mile,  and  forms  an  admirable  sea-coast  sanitarium  (Macpherson). 

All  these  sea-coast  stations  seem  adapted  for  organic  visceral  affections  and 
dysentery,  but  they  are  not  so  well  calculated  for  permanent  stations  for 
healthy  men.     Probably  they  are  rather  sanitaria  than  stations. 

Highlands, — The  location  of  troops  on  the  hills  or  on  elevated  table-lands 
has  long  been  considered  by  the  best  army  medical  officers  as  the  most 
important  sanitary  measure  which  can  be  adopted.  Not  only  does  such  a 
location  improve  greatly  the  vigour  of  the  men,  who  on  the  hill  stations 
preserve  the  healthy,  ruddy  hue  of  the  European,  but  it  prevents  many 
diseases.     If  properly  selected,  the  vast  class  of  malarious  diseases  disappears ; 

*  Evidence  of  Dr  Maclean  in  India  Report,  p.  139« 
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liver  diseases  are  less  common,  and  bowel  complaints,  in  some  stations  at 
any  rate,  are  neither  so  frequent  nor  so  violent.  Digestion  and  blood  nutri- 
tion are  greatly  improved.  Moreover,  a  proper  degree  of  exercise  can  be 
taken,  and  the  best  personal  hygienic  roles  easily  observed. 

Indian  surgeons  appear,  however,  to  think  the  hill  stations  not  adapted  for 
cardiac  and  respiratory  complaints;  it  is  possible  that  this  objection  is 
theoreticaL  The  latest  European  experience  is  to  the  effect  that  phthisis  is 
singularly  benefited  by  even  moderate,  still  more  perhaps  by  great  elevation ; 
that  anaemia  and  faulty  blood  nutrition  are  cured  by  high  positions  with  great 
rapidity,  and  that  if  the  elevation  be  not  too  great  (perhaps  not  over  3000 
feet)  even  chronic  heart  diseases  are  improved.  In  some  of  the  hill  stations 
of  India  bowel  complaints  were  formerly  so  frequent  as  to  give  rise  to  the 
term  '*  hill  diarrhoea."  The  elevation  was  credited  with  an  effect  which  it 
never  produced,  for,  not  to  speak  of  other  parts  of  the  world,  there  are  stations 
in  India  itself  (Darjeeling,  for  example)  as  high  as  any  other,  where  the  sd- 
called  hill  diarrhoea  was  unknown.  At  Newera  Ellia,  in  Ceylon,  too,  if  the 
simple  condition  of  mountain  elevation  could  have  produced  diarrhoea,  it 
would  have  been  present  The  cause  of  the  hill  diarrhoea  was  certainly,  in 
many  stations,  unwholesome  drinking-water  (see  page  40) ;  whether  this  was 
the  case  in  all^  I  am  not  sure.  Some  of  the  hill  stations  are  said  not  to  be 
adapted  for  rheumatic  cases ;  in  other  instances  (as  at  Subathoo)  rheumatism 
is  much  benefited.  I  infer,  from  reading  the  reports  from  these  stations, 
that  damp  barracks,  and  not  the  station,  have  been  in  some  cases  the  cause 
of  the  rheumatism. 

But  it  must  be  noticed  that  the  evidence  given  before  the  Indian  Sanitary 
Commission  shows,  on  all  or  almost  all  hill  stations,  a  most  lamentable  want 
of  the  commonest  sanitary  appliances.  At  great  expense  men  are  sent  up  to 
the  hills,  where  everything  is,  or  was,  left  undone  which  could  make  that 
expense  profitable.  It  appeared  to  be  thought  sufficient  to  ascend  6000  feet 
to  abandon  all  the  most  obvious  sanitary  rules,  without  which  no  place  can 
be  healthy. 

Admitting,  as  a  point  now  amply  proved,  that  stations  of  elevation  are  the 
proper  localities  for  all  troops  not  detained  in  the  plains  by  imperative 
military  reasons,  the  following  questions  are  still  not  completely  answered  : — 

1.  What  amount  of  elevation  is  the  best?  We  have  seen  that  to  reduce 
the  temperature  to  the  English  mean,  5000  to  6000  feet  must  on  an  average 
be  ascended.  But  then  such  an  elevation  brings  with  it  certain  inconveni- 
ences, viz.,  in  some  stations  much  rain  and  even  fog  at  certain  times  of  the 
year,  and  cold  winds.  However  unpleasant  this  may  be,  it  yet  seems  clear, 
from  the  experience  of  Newera  Ellia,  in  Ceylon,  that  damp  and  cold  are  not 
hurtful  But  it  must  also  be  said  that,  with  a  proper  selection,  dry  localities 
can  be  found  at  this  elevation. 

From  3000  to  4000  feet  have  been  recommended,  especially  to  avoid  the 
conditions  just  mentioned.  Whether .  places  of  this  height  are  equal  in 
salubrity  to  the  colder  and  higher  points  is  uncertain. 

Even  at  6000  feet  there  may  be  marsh  land,  though  it  is  not  very  malarious. 
Malarious  fever  has  been  known  during  the  rains  at  Kussowlie  (6400  feet), 
and  Subathoo  (4000),  and  other  Himalayan  stations.  Malaria  may,  however, 
drift  up'  vallsys  to  a  great  height,*  but,  apart  from  this,  it  seems  likely  that 
5000  feet,  and  probably  4000,  will  perfectly  secure  from  malaria.  Probably, 
indeed,  a  less  height  will  be  found  effectual. 

•  It  has  drifted  up  even  to  the  summits  of  the  NeUgherries,  7C00  or  8000  feet—Indian 
Sanitary  Heportt  Mr  EUiot's  Evidence,  vol.  i.  p.  250. 
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At  no  point  do  hot  land  winds  occur,  or  at  any  rate  endure,  at  above  4000 
feet. 

On  the  whole,  it  would  appear  probable  that  the  best  localities  are  above 
5000  feet,  but  below  7000. 

2.  What  stations  are  the  best — ^the  tops  of  solitary  hills,  spurs  of  high 
mountains,  or  elevated  table-lands ) 

Eanald  Martin  has  called  especial  attention  to  the  solitary  hills,  rising  as 
they  do  sometimes  from  an  almost  level  plain  to  2000  and  3000  feet.  Such 
mountain  islands  seem  especially  adapted  for  troops  if  there  is  SEoffident 
space  at  the  top.  They  are  free  ^m  ravines  conducting  cold  air  from  higher 
land,  and  are  often  less  rainy  than  the  spurs  of  loftier  hiUs. 

The  spurs  of  the  Himalayas,  however,  present  many  eligible  spots,  and  so 
do  some  table  lands.  And,  perhaps,  on  the  whole,  if  the  elevation  is  suffident, 
it  is  not  a  matter  of  much  importance  which  of  these  formations  is  chosen ; 
other  circumstances,  viz.,  purity  of  water,  space,  ease  of  access,  and  supplies^ 
&a,  will  generally  decide. 

In  choosing  hill  stations,  the  points  discussed  in  the  chapter  on  Soils 
should  be  carefully  considered,  and  it  is  always  desirable  to  have  a  trial  for 
a  year  or  two  before  the  station  is  permanently  fixed. 

In  all  the  presidencies  of  India  elevated  spots  where  troops  can  be  cantoned 
exist  in  abundance.*  The  following  table,  copied  from  Dr  Macpherson's 
work,  gives  some  of  the  principal  hill  stations.  Fresh  stations  are,  however, 
being  constantly  discovered,  and  it  seems  now  certain  that  there  is  scarcely 
any  important  strategical  point  without  an  elevated  site  near  it. 

Near  Nynee  Tal,  in  Kumaon,  are  Almorah  (5500  feet),  and  Hawalbagh 
(4000  feet),  both  well  spoken  of.  Kunawar  (5000  or  600Q  feet),  in  the 
valley  of  the  Sutlej,  has  a  delicious  climate;  and  Chini  (about  100  miles  from 
Simla),  is  a  most  desirable  spot 

Passing  down  from  the  north-west  towards  Calcutta,  Dr  M*CleDan  found 
elevated  land  within  100  miles  of  Allahabad ;  and  in  the  south  there  are 
the  Travancore  mountains,  with  numerous  good  sitea 

If,  then,  tbe  mass  of  the  troops  are  cantoned  on  elevated  places,  the  dis- 
advantages of  climate  are  almost  removed.  The  Indian  Sanitary  Commis- 
sioners recommended  that  one-third  of  the  force  shall  be  in  the  hills,  and 
that  enfeebled  men  and  recruits  especially  shall  be  sent  there.  But  it  is  to 
be  hoped  that  not  only  one-third,  but  a  large  majority  of  the  troops  will 
eventually  be  placed  there. 

Sub-Section  IL — Diseases  of  the  Natives. 

It  is  impossible  that  Europeans  can  be  perfectly  isolated  from  the  nations 
among  whom  they  serve ;  they  have  suflFeri3d  from  the  pestilential  diseases  of 
the  Hindus,  but  still  it  is  wonderful  that  they  have  not  suffered  more. 
Cholera  is  the  chief  disease,  which,  arising  in  the  native  population,  scoatges 
their  conquerors.  Some  fevers  also,  relapsing  fever,  perhaps  a  **febris 
icterodes,"  or  bilious  remittent,  which  has  attacked  Europeans,  have  had  their 

♦  See  the  evidence  in  the  Indian  Sanitary  Beport  (vol.  L)  of  Sir  R.  Martin,  Mr  ElUott>  Dr 
Maclean,  Dr  Alexander  Grant,  Mr  Montgomery  Martin,  and  others.  Also  most  instnictive  re- 
ports  by  Mr  Macpherson,  Indian  Report,  vol.  ii.  p.  622,  and  by  Dr  Alexander  Grant,  Indkn 
Annals.  On  the  location  of  troops  I  may  also  refer  to  Sureeon-General  Dr  Beatson's  veiy 
decided  opinion  on  the  necessity  of  placing  on  the  hills  all  the  men  "who  can  be  spai^  fnna 
the  milituy  posts  in  the  plains.  No  more  valuable  opinion  could  be  given  on  such  a  point 
than  that  of  an  officer  who  has  had  the  largest  possible  experience,  and  the  best  opportunities 
of  forming  a  correct  judgment.  (See  his  Report  in  the  Army  Med.  Report,  vol.  vui.  p.  S47.) 
Sir  William  Muir  has  also  urged  this  point,  and  the  result  is  that  gradually  more  and  mace 
troops  are  being  located  on  the  hiUs. 
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origin,  or  at  any  rate  their  conditions  of  spread,  in  the  dense  pDpnlations  of 
native  cities.  Happily,  the  Black  Death  (the  Maha  morree,  or  Pali  plague) 
has  never  yet  spread  to  the  troops,  and  nas  indeed  heen  confined  within 
narrow  limits.  Still  these  pestilences  among  the  native  population  are  an  ever- 
present  menace  to  Europeans,  and,  as  in  the  case  of  cholera,  may  pass  to  them 
at  any  time.  Cholera,  certainly,  will  never  be  extirpated  until  attacked  in 
its  strongholds,  among  the  miserable  dwellings  which  make  so  large  a  part  of 
every  oriental  city.  In  1867  there  were  some  cases  among  the  troops  of  the 
contagious  fever,  which  has  caused  so  much  mortality  in  many  of  the  Bengal 
jails.  The  exact  influence  on  Europeans  of  the  customs  and  modes  of  life  of 
the  natives  of  India  has  not,  as  far  as  I  know,  been  made  an  object  of  special 
study,  but  it  cannot  be  inconsiderabla  In  many  places  the  Europeans  and 
the  natives  are  in  close  neighbourhood,  and  the  air  at  all  times,  and  often  the 
water,  must  be  influenced  by  the  social  life  of  the  native  races.  The 
proximity  to  large  cities  or  bazaars  is  indeed  often  alluded  to  by  army  officers 
as  influencing  the  health  of  their  men  ;  it  would  be  very  interesting  to  know 
the  precise  effect  The  sanitary  condition  of  almost  all  the  large  native  towns, 
and  the  sanitary  habits  of  the  country  people,  are  as  bad  as  can  be.  Bad 
water,  foetid  air,  want  of  sewage  removal,  and  personal  habits  of  uncleanlinesa, 
abound  everywhere.  The  Eeport  of  the  Indian  Sanitary  Commission,  and 
the  activity  of  the  Indian  officials  in  the  Sanitary  Departments,  are  now  be- 
ginning a  series  of  changes  in  this  respect,  which  will  probably  change,  w 
toio,  the  medical  history  of  India. 

Sub-Sbotio5  IIL — Special  Htgibnio  Condition8. 

The  special  hygienic  conditions  (apart  from  locality)  under  which  the 
soldier  serves  in  India  have  been  the  main  causes  of  excess  of  disease.  This 
subject  has  received  a  searching  inquiry  from  the  Sanitary  Commissioneis.* 
They  declare,  and  after  reading  the  Station  Eeports  and  the  evidence  given 
before  them,  no  one  will  doubt  the  assertion,  that  while  malaria,  extremes  of 
temperature,  moisture,  and  variability  of  temperature  cause  a  c^tain  amount 
of  sickness,  "  there  are  other  causes  of  a  very  active  kind,  connected  with 
stations,  barracks,  hospitals,  and  the  habits  of  the  men,  of  the  same  nature  as 
those  which  are  known  in  colder  climates  to  occasion  attacks  of  those  veiy 
diseases  from  which  the  Indian  army  suffer  so  severely." 

And  the  Commissioners  enumerate  a  list  of  causes  connected  with  unhealthy 
stations,  bad  barracks,  overcrowding,  impure  air  and  water,  bad  drainage,  im- 
perfect ablution,  inferior  rations  and  cooking,  &c 

In  fact  no  doubt  can  exist  in  the  minds  of  all  who  have  studied  the  sub- 
ject that  these  form  the  most  potent  dass  of  causes  which  affiect  health. 

Sub-Sbotion  IV. — Habits  and  Customs  op  the  Troops. 

The  habits  of  the  men  and  the  customs  of  service  were,  however,  also  great 
causes  of  diseases,  and  are  still  so  to  some  extent. 

The  men  were,  as  a  rule,  intemperate,  great  smokers,  and  indisposed  for 
exertion.  It  has,  indeed,  been  pointed  out  with  truth,  that  in  proportion  to 
their  amount  of  exercise  the  men  were  much  overfed,  and  some  diseases  of 
the  liver  appear  to  result  directly  from  this  simple  condition. 

The  want  of  exercise  is  not  always  the  fault  of  the  men.  The  early  morn- 
ing hours,  and  often  the  evening,  are  occupied  with  parades  ;  in  the  period 


*  Beport  of  the  Commissioners  on  the  Sanitary  State  of  the  Army  in  India,  1863.    Bepcrt^ 
p.  79,  published  in  1864  in  small  bulk. 
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between,  the  men  used  to  be  confined  to  barracks,  and  are  stQl  sometimes  so. 
Here,  listless,  unoccupied,  and  devoured  with  ennui,  they  passed  the  weary 
day,  lying  down  perhaps  for  hours  daily,  or  lounging  on  chairs  smoking. 

This  forced  confinement  to  barracks  is  indeed  an  evil  often  greater  than 
that  it  is  intended  to  remove.  To  prevent  men  from  passing  out  into  the  sun 
they  are  compelled  to  remain  in  a  hot^  often  ill-ventUated  room,  worse  for 
health  than  the  intensest  rays  of  the  sun,*  that  scape-goat  of  almost  every 
fault  and  vice  of  Indian  life. 

All  these  causes  have  been  sunmied  up  by  Miss  Nightingale  in  some  of 
those  telling  sentences  which  have,  done  more  than  anything  else  to  force 
attention  to  these  vital  questions.! 

Of  late  years  a  great  change  has  taken  place  in  the  habits  of  the  men, — 
more  open  air  exercises  of  all  kinds ;  and  in  the  cooler  stations  athletic  sports 
and  cricket  have  been  encouraged ;  in  some  of  the  hill  stations  the  troops  have 
been  employed  in  making  roads  and  public  works,  and  the  practice  of  trades 
has  been  promoted.  Were  the  troops  chiefly  on  the  hills,  as  much  exercise 
as  at  home  would  be  possible,  and  the  men  would  preserve  their  European 
vigour  and  appearance.  But  even  in  the  plains  exercise  is  necessary,  and  if 
it  be  taken  at  proper  times  (Le.,  with  avoidance  of  the  three  or  four  hottest 
hoars),  and  with  proper  precautions,  such  as  keeping  the  head  and  spine  well 
covered  and  cool,  putting  on  after  profuse  sweating  dry  and  thin  mixed 
cotton  and  woollen  underclothes,  and  protecting  the  loins  and  abdomen  with 
a  silk  or  flannel  sash,  and  avoiding  stimulants  before  and  during  the  exercise, 
all  men  would  be  benefited  even  by  very  great  exercise. 

The  pale,  feeble  appearance  of  persons  who  keep  much  in  the  darkened 
houses  is  really  owing  more  to  the  absence  of  light  and  to  the  unhealthy  and 
sedentary  life  than  to  the  eflect  of  the  climate. 

The  subject  of  clothing  has  been  already  referred  to.  In  Algeria,  as  in 
India,  much  good  has  been  ascribed  to  the  use  of  very  large  flannel  belts, 
which  the  French  suspend  from  the  shoulders,  a  plan  better  adapted  for  com- 
fort than  the  so-called  cholera  belts  of  India. 

With  regard  especially  to  diet,  two  points  must  be  considered : — 


*  I  sbaU  never  forget  the  snfTeringB  of  the  men  in  the  old  barracks  at  Madras.  We  arrived 
there  from  Moohnein,  where  the  men  had  never  been  confined  to  barracks,  and  where,  daring 
two  hot  seasons,  no  injury  had  resulted  ftom  allowing  them  to  go  out  when  they  liked.  On 
arrival  at  Madras,  in  accordance  with  invariable  custom,  the  men  were  confined  to  barracks. 
They  lav  all  day  on  their  beds,  reeking  with  perspiration ;  the  place  was  so  small  and  ventila- 
tion so  bad.  that  the  heat  was  perfectly  intolerable  in  the  barracks,  though  the  sun's  rays  were 
quite  bearaole.  The  sufferings  were  extreme.  When  the  afternoon  came,  more  injury  had 
been  done  by  the  hot  and  impure  air  than  exposure  to  the  sun's  rays  could  have  caused. 

At  Moulmein,  in  Tenasserim,  at  one  time,  two  European  regiments  served  together.  The 
barracks  of  each  were  perfectly  healthy ;  the  food  and  duties  were  the  same ;  yet  one  showed 
a  sick  list  and  mortality  always  much  greater  than  the  other.  Serving  in  the  station  shortly 
afterwards,  I  was  so  struck  by  this  difference  that  I  went  over  all  the  returns  and  reports  in  the 
staff-surgeon's  office  to  make  out  the  cause  ;  the  onl^  difference  I  could  detect  was,  that  in  the 
sickly  regiment  the  men  were  confined  to  barracks,  in  the  other  they  were  allowed  to  go  about 
as  they  pleased.  Many  years  afterwards,  I  met  with  a  medical  officer  who  had  served  in  the 
sickly  regiment,  and  learned  from  him  that  he  had  alwa3r8  considered  the  confinement  to  bar- 
racks, and  the  want  of  exercise,  and  the  impure  air  breathed  by  that  system  almost  night  and 
day,  to  have  been  the  cause  of  a  disparity  so  striking.  No  one  would  recommend  imprudent 
exposure  to  the  sim  ;  men  may  be  trusted  to  avoid  its  intensest  rays ;  but  to  reduce  men  to 
enforced  idleness  for  many  hours,  and  to  confine  them  in  the  smaU  space  of  a  barrack-room  is 
not  the  way  of  meeting  the  evil.  (On  this  point  see  also  page  654  for  Dr  Clark's  observations 
on  want  of  exercise  as  compared  with  exposure  to  the  sun  on  the  West  Coast  of  Africa.)  On 
this  point,  as  in  many  others,  the  statements  of  Dr  Kenneth  Mackinnon  are  deserving  of  great 
attention.  His  remarks  on  the  desirability  of  exercise,  even  in  the  trying  climate  of  Tirhoot  in 
Bengal,  are  very  striking.  (A  Treatise  on  Public  Health,  by  Kenneth  Mackinnon,  M.D , 
Cawnpere,  1848,  pp.  27  and  145.)  He  strongly  recommended  open  sheds  and  gymnasia,  and 
these  ore  now  being  i^opted. 

t  How  People  may  Live  and  not  Die  in  India.    By  Florence  Nightingale,  1863« 
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1.  What  amount  of  food  should  be  taken  9  In  India,  aa  in  all  parts  of 
the  world,  food  should  be  taken  in  proportion  to  the  mechanical  work  done 
by  the  body,  and  to  the  equivalent  of  mechanical  force,  viz.,  animal  heat. 

High  temperature,  as  lessening  the  loss  of  the  body  heat,  must,  pro  tamiiK, 
lessen  the  need  of  food  to  supply  the  temperature ;  and  it  has  been  supposed 
that  the  diet  of  men  in  cold  countries  (Arctic  regions)  and  in  hot,  contrasted 
remarkably  in  respect  of  the  amount  of  carboniferous  food  taken  by  each. 
£ut  although  it  is  certain  that  large  quantities  of  meat  and  fat  are  taken  by 
men  living  in  or  arriving  in  cold  countries,  it  is  now  known  that  the  natives 
of  some  of  the  hottest  parts  of  the  world  take  immense  quantities  of  both  fats 
and  starches.  In  fact,  both  these  substances  perhaps,  certainly  fats,  are  taken 
to  supply  mechanical  force  directly,  as  well  as  animal  heat  It  is  not,  in  fact, 
yet  known  what  amount  oi  les^ning  of  food,  or  what  kind  of  lessening,  the 
increased  heat  of  the  tropics  demands,  or  whether  any  is  demanded,  for  exact 
experiments  are  wanting.  Our  best  guide  at  present  for  the  quantity  of  food 
to  be  taken  in  the  tropics,  is  to  apportion  it  to  the  amount  of  mechanical 
work  done,  as  in  temperate  climates.  In  India,  as  elsewhere,  it  must  be  in 
balance  with  exercise.  The  points  then  to  be  considered  are  the  amounts  of 
daily  food  and  of  daily  exercise,  and  by  means  of  the  tables  formerly  given, 
and  by  knowing  the  habits  of  the  men,  little  difficulty  will  be  found  in  deter- 
mining the  proper  ration  quantity  of  food  with  accuracy. 

In  considering  the  amount  of  food  it  must  be  remembered  that  the  soldier 
almost  always  buys  additional  food,  and  often  eats  much  more  than  his  ration. 
Some  years  ago  Dr  Macnamara  found  the  troops  in  Bengal  taking  no  less  than 
76  ounces  of  food,  (t.6.,  water-containing  food),  while  the  regulation  ration  was 
only  52  ounces,  so  that  these  men  were  largely  over-feeding.  And  Dr 
Dempster  (Indian  Sanitary  Report — ^Evidence)  states  that  the  majority  of  the 
recruits  from  Scotland  and  England  oat  in  the  hot  weather  in  India  much 
more  animal  food  than  in  the  coldest  seasons  in  their  native  countries.* 

It  would  therefore  seem  that  illness  may  arise  in  India  from  excess  of  food, 
but  it  is  not  the  regulation  ration  which  produces  it,  but  the  additional  par- 
chased  food,  which  is  often  of  bad  quality,  or  the  extreme  idleness  of  the 
men,  in  which  case  even  the  regulation  ration  is  too  much.  The  only 
remedy  is  instruction  of  the  men  in  what  is  good  for  them,  and  no  men  are 
so  stupid  as  not  to  perceive  what  is  best  for  their  own  comfort  and  happiness 
when  it  is  once  pointed  out  to  them. 

In  addition,  the  soldier  in  India  had  till  very  lately  the  spirit  ration  (now 
lessened  to  one-half),  which  has  the  effect  of  lessening  the  power  of  appro- 
priation of  food,  though  not  always  the  appetite,  and  thus  indirectly  may 
cause  over-feeding. 

2.  Admitting  (till  better  observations  are  made)  that  men  in  the  tropics, 
undergoing  as  much  exertion  as  at  home,  will  demand  as  much  food,  and  in 
the  same  proportions,  as  far  as  the  four  classes  of  aliment  are  concerned  (and 
it  seems  to  me  all  physiological  evidence  shows  that  this  must  be  the  case, 
and  that  not  external  temperature,  per  se,  but  the  work  of  the  body,  is  the 
chief  measure  of  food),  the  next  question  is,  whether  the  different  articles  of 
the  diet  should  be  altered ;  whether,  for  example,  the  same  amount  of 
nitrogen  being  given,  it  should  be  contained  in  vegetable  or  animal  food  i 

It  has  been  stated  by  several  of  the  best  observers  in  the  tropics  that  those 
who  eat  largely  of  animal  food  are  less  healthy  than  those  who  take  more 

*  ColoDel  Sykes  lonp^  ago  directed  particular  attention  to  this  point,  stating  with  perfect 
truth,  that  the  soldier  in  India  is  over-stimulated  by  food  and  drink,  and  under-stimiilated  by 
bodily  and  mental  exercise. 
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vegetable  food ;  and  Friedel,  in  his  work  on  China,  has  lately  again  directed 
attention  to  the  f acf*  that  the  amount  of  digestive  and  hepatic  disease  is  much 
greater  among  the  English  than  among  any  other  European  settlers  in  China. 
!But  whether  this  is  owing  to  excessive  animal  food,  or  excess  generally  in  all 
food,  and  to  too  much  wine^  beer,  and  spirits^  is  not  certain.  The  diet  is 
probably  too  rich  as  a  whole. 

Supposing  meat  is  taken  in  proper  but  not  excessive  quantity  with 
f arinaceoiis  food,  as  at  home,  is  it  less  healthy  than  a  quantity  of  vegetable 
food  containing  an  equivalent  amount  of  nitrogen  1  On  this  point  it  seems 
to  me  that  strict  scientific  evidence  has  not  been  produced.  With  regard  to 
excess  of  animal  food  there  is  no  doubt ;  but  animal  food  in  moderation  has 
not,  I  think,  been  shown  to  be  more  active  in  causing  liver  complaints  in 
India  than  at  home. 

Considering,  indeed,  how  important  it  is,  when  the  digestive  organs  have 
been  accustomed  to  one  sort  of  diet^  not  to  suddenly  and  completely  change 
it,  it  seems  to  me  very  doubtful  whether  it  would  be  desirable  for  the 
[European  arriving  in  India  at  once  to  give  up  all  previous  habits,  and  to 
commence  an  entirely  different  kind  of  diet 

It  is  possible,  however,  that  the  meat  standard  of  England  might  be  some- 
"what  reduced,  and  the  bread,  flour,  and  leguminosas  increased.  This  is  not 
the  opinion,  however,  of  some  of  those  who  have  lately  paid  particular 
attention  to  Indian  rations  (Dr  C.  A.  Gordon  and  Dr  Inglisf),  and  who 
believe  that  the  amount  of  meat  is  even  too  smalL 

It  has  often  been  said  that  Europeans  in  India  should  imitate  the  natives 
in  their  food,  but  this  opinion  is  based  (it  seems  to  me)  on  a  misconception. 
The  use  of  ages  has  accustomed  the  Hindu  to  the  custom  of  taking  large 
quantities  of  rice,  with  pulses  or  com ;  put  an  European  on  this  diet,  and  he 
could  not  at  first  digest  it ;  the  very  bulk  would  be  too  much  for  him.  The 
Hindu,  with  this  diet,  is  obliged  to  take  laige  quantities  of  condiments 
(peppers,  &c).  The  European  who  did  the  same  would  produce  acute  gastric 
catarrh  and  hepatic  congestion  in  a  very  short  time;  in  fact,  as  already 
stated,  one  great  fault  of  the  diet  of  Europeans  arriving  in  India  is  too  great 
use  of  this  part  of  the  native  diet. 

Two  points  about  the  diet  of  India  seem  quite  clear.  One  is,  that  spirits 
are  most  hurtful,  and  that  even  wine  and  beer  must  be  taken  in  great  moder- 
ation. Of  the  two  beverages,  light  wines  (clarets^,  which  are  now  happily 
coming  into  use  in  India  for  the  officers,  are  the  oest.  For  the  men  good 
beer  should  be  provided,  but  it  is  important  to  teach  the  men  moderation. 
The  allowance  per  man  per  diem  should  never  be  more  than  a  quart,  and  men 
ivould  find  themselves  healthier  with  a  single  pint  per  day.  But  it  would 
seem  probable  that,  especially  in  the  hot  stations  and  seasons,  entire 
abstinence  should  be  the  rule,  and  that  infusions  of  tea  and  coffee  are  the  best 
beverages.  :f 

The  other  point  is,  that  in  the  tropics  there  is  perhaps  even  a  greater 
tendency  to  scurvy  than  at  home ;  the  use  of  fruits,  then,  is  of  great  import- 
ance, and  whenever  practicable,  the  growth  of  fruit  trees  should  be  encouraged 
in  the  neighbourhood  of  stations.  In  some  stations  (Mooltan)  lime  juice  has 
been  issued  with  the  greatest  benefit  when  vegetables  were  scarca 

*  Already  noticed  as  regards  India  and  the  Manritius. 

+  Qp.  cit.  and  Army  Mwlical  Report^  vol.  v.  p.  880. 

X  Tne  drinks  which  the  private  soldier  often  hays  in  the  hazaars  in  India  are  of  the  worst 
description ;  arrack  mixed  with  cayenne  and  other  pungent  substances,  or  fermented  toddy 
mixea  with  peppers  and  narcotics,  or  drugged  beer,  are  common  drinks.  It  would  be  easy  to 
put  a  stop  to  tms  by  legislative  enactment. 

2  U 
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Health  of  the  Troops. 


India  presents  in  many  respects  the  same  history  as  our  other  tropical 
possessions.  In  former  years  there  was  a  large  mortality  among  European^ 
attributed  usually  to  the  climate,  instead  of  being  put  down  to  its  props 
causes,  viz.,  a  reckless  mode  of  living  amidst  the  most  insanitary  condit]on& 
As  years  have  passed,  the  same  gradual  improvement  has  occurred  in  India 
as  in  the  West  Indiea  Habits  have  improved,  and  the  conditions  of  life 
have  been  slowly  altered  for  the  better.  This  change  has  been  going  on 
for  years,  and  there  has  been  an  astonishing  progress  since  the  mutiny. 
Much,  no  doubt,  remains  to  be  done,  but  the  fall  in  mortality  and  in  sickness 
has  been  so  marked  in  all  the  Presidencies,  as  to  lead  us  to  hope  that  in  a  few 
more  years  the  Indian  service  will,  h'ke  the  West  Indian,  be  almost  as  healthy 
as  the  home  service.  It  may  seem  rash  to  anticipate  such  a  result,  but  an  im- 
provement as  great  has  already  taken  place,  for  the  mortality  even  now  has 
fallen  one-half,  compared  with  that  of  thirty  years  ago. 

The  following  table  shows  this  : — 

Earlier  Tears, — Mortality  of  Europeans  per  1000  of  Strength, 


Tetn  and  Authority.* 

Bengal 
Presidencj. 

Bomtwy 
President. 

Madras 
Presidency. 

1845-^4  (Chevere), 

1838-56  (Queen's  troops  alone —  ) 
Balfour), \ 

1806-56  (Company's  troops  alone  J 
— Indian  Sanitary  Oommis-  > 
sioners), ) 

68-38 
79-20 

74-10 

60-20 
61-10 

66-00 

59-20 
62-90 

63-50 

In  1812-16,  in  the  Bengal  Presidency,  the  deaths  averaged  96-5  per  1000; 
in  the  Bombay  Presidency  in  1819-20  the  deaths  were  80  per  1000. 

The  above  mean  mortality  includes  every  loss  ;  in  some  years  it  was,  of 
course,  greater,  in  some  less  ;  but  on  the  whole  large  every  year,  with  a  few 
exceptions,  till  the  year  1856.  After  the  mutiny,  about  the  year  1860,  the 
sanitary  improvements  and  the  greater  care  of  the  troops  which  had  been 
gradually  te^ng  place  received  an  immense  impulse.  The  results  are  shown 
below. 


*  The  chief  statistics  of  the  forces  in  India  are  contained  in— 

1.  Numerous  scattered  papers  in  the  various  Indian  medical  periodicals  for  the  last  thirh' 
yeATs,  referring  chiefly  to  the  health  of  one  presidency  or  of  regiments  orjforces  occnpytogsm^ 
districts. 

2.  Summaries  of  the  whole,  by  Ck)lonel  Sykes  (for  twenty  years  ending  1847,  Statisticsl 
Journal,  vol.  x.).  Sir  Ranald  Martin  (Influence  of  Tropical  Climates,  2d  edition) ;  Mr 
Ewart  (Vital  Statistics  of  European  and  Native  Armies,  1859 :  Drs  Waring  and  Kamtaa 
Chevers  (Indian  Annals,  1858-1862) ;  and  as  far  as  officers  and  civilians  are  oonoanedy  by 
Colonel  Henderson  (Asiatic  Researches,  voL  xx.),  and  Mr  Hugh  Macpherson. 

8.  Officifd  documents,  the  most  important  of  which  are  contained  in  the  Indian  Saxutarr 
Rei>ort ;  in  the  yearly  Army  Medical  Department  Reports  since  1860 ;  in  the  various  Reporte 
of  the  Sanitary  Commissioners  in  the  tnree  Presidencies,  in  the  invaluable  Returns  of  Br 
Bryden,  and  in  the  Municipal  and  other  Official  Reports  sent  in  from  towns,  or  districts.  At 
present  the  most  valuable  mformation  is  being  collected  and  published  in  India  of  the  faeahk 
not  only  of  the  European  and  native  armies,  but  of  the  civil  population ;  and  reoords  of  popu- 
lation and  of  births  and  deaths  are  now  systematically  made.  For  the  first  time  the  Indxaa 
Government  is  gradually  obtaining  a  view  of  the  state  of  health  of  the  numerous  nataons  it 
controls. 

The  Reports  from  Bengal  (Annual  Reports  of  the  Sanitary  Commissioner  with  the  Goven- 
ment  of  India)  and  those  from  Madras  and  Bombay  are  models  of  their  kind,  and  must  hatv  t 
great  efiect  on  the  health  of  the  inhabitants  of  all  India.  The  information  given  in  the^e  exeei- 
lent  Reports  is  so  copious,  that  it  is  impossible  to  give  any  adequate  account  of  it  in  thig  ahort 
chapter.    I  have  been  able  only  to  note  the  most  striking  points. 
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Later  Tears. — Mortality  of  JSuropeans  per  1000  of  Strength. 


Ton  and  Aathorltlea. 

Bengal 
Presidency. 

Uadres 
Presidency. 

Bombay 
Presidency. 

Total 
Mortality. 

Total 
Mortality. 

Total 
MortaUty. 

1860-9  (10  years,  Balfour),      .     . 

1869-74  (6      „      ) 

1875  (inclading  deaths  of  invalids) 

81-27 
24-45 
18-88 

22-58 

20-62 
15-83 

22-58 
16-61 
21-96 

Causes  of  Sickifiess  and  Death, 

The  causes  of  diseases  and  deaths  of  Europeans  are  given  in  the  following 
table,  extracted  from  the  "  Army  Medical  Reports,"  vol.  xvi.  The  period  of 
five  years  includes  the  cholera  year  1872,  and  1875  was  again  a  year  of  cholera 
activity. 

Admissions  and  Deaths  per  1000  of  Strength. 


Canaes, 

Bengal. 

Madraa. 

Bombay. 

18e»-74. 

1876. 

1869-74. 

1876. 

1869-74. 

1876. 

Adm. 

Died. 
4-66 

Adm. 

Died. 

Adm. 

Died. 

Adm. 

Died. 
0-86 

Adm. 

Died. 
1-45 

Adm. 

Died. 
5-22 

Cholera,    .     .     . 

7-0 

5-5 

8-68 

8-3 

1-77 

0-6 

2-1 

8-0 

Paroxysmal  fevers 

454-1 

1-72 

361-7 

0-71 

115-6 

0-47 

74-7 

0-18 

492-6 

1-20 

410  0 

0-87 

Continued  fevers. 

178-3 

1-99 

181-8 

1-96,  118-0 

1-54 

119-1 

0-80 

156-0 

1-76 

108-5 

2-18 

Eruptive  fevers  ) 
(includingDen-  > 

2-0 

0-23 

2-2 

0-03 

1-3 

0-11 

1.4 

•  •  • 

1-5 

0-05 

0-6 

0-10 

gue),       .     .  ) 

Rheumatism, 

52-0 

0-02 

58-2 

•  •  • 

42-1 

0-02 

80-4 

•  •  ■ 

41-4 

0-05 

48-6 

0-10 

Syphilis,   ,     .     . 

88-7 

0-12 

91-4 

0-08 

98-7 

0-17 

108-2   0-53 

87-1 

0-12 

70-9 

0-10 

Phthisis,  Scro- 
fula, &c., 

10-8 

1-87 

8-3 

1-87 

13-0 

1-62 

10-8 

1-69 

10-0 

1-67 

7-2 

1-93 

Respiratory,  .     . 

57-3 

1-24 

60-6 

1-09 

44-7 

0-56 

36-7 

0-53 

42-3 

0-67 

46-5 

0-97 

Circulatory,   .     . 

19-6 

1-66 

22-7 

0-98 

18-7 

1-99 

20-9   2-05 

12-5 

1-19 

17-1 

0-96 

Nervous,  .     .     . 

20-1 

2-35 

21-1 

2-46 

20-8 

2-09 

13-3   1-07 

16-8 

2-28 

17-8 

3-19 

Eye,     .... 

24-0 

■  ■  • 

20-3 

•  •  • 

20-7 

•  •  « 

14-0 

•  ■  • 

26-2 

•  •  • 

25-9 

•  •  • 

Digestive,      .     . 

250-5 

5-82 

222-6 

815 

848-3 

7-47 

294-8   5-34 

217-6 

8-79 

242-9 

8-87 

Uriuarv,    .     .     . 

103-2 

0-85 

104-3 

0-32 

78-9 

0-18 

89-7 

0-09 

84-1 

0-23 

84-3 

0-19 

Injuries      and 

poisons, 
All  other  causes, 

90-7 
155-6 

1-83 
0-60 

24-45, 

1 

94-2 
149-0 

1-59 
0-46 

18-38 

1 

115-5 
211-8 

2-17 
0-47 

95-8 
163-8 

2-75 
2-44 

95-3 
164-4 

1-84 
0-31 

16-61 

112-7 
180-8 

1-65 
0-67 

21-95 

TotAl,      . 

1513-9 

1 

1353-4 

1251-4 

20-631074-2 

1           1 

15-83 

1449-9 

1371-8 

Analysis  of  the  Statistics. 
The  following  table  shows  the  distribution  of  mortality  according  to  age  : — 
Deaths  per  1000  of  Strength  at  the  ages  named. 


All  Ivdia  (Ralf  oar's  nnmbers). 

Under  20 
years. 

SO  and 
nnder  26. 

26  and 
under  80. 

80  and 
nnder  86. 

86  and 
nnder  40. 

40  and 
upwards. 

1860-9  (10  years),     . 

1870 

1875,        .... 

PaxsTOEirciu. 
i  Bengal  1865-70  (Bryden), 
Madras  1863-70  (Cornish), 

9-25 
8-09 
8-42 

7*61 
7-40 

17-59 
1715 
14-40 

13-67 
18-70 

24-63 
19-54 
14-80 

17-41 
21-60 

84-17 
80-58 
16-90 

29-94 
26-90 

44-18 
44-71 
28-74 

29-94 
41-10 

60-88 
68-96 
53-01 

29-94 
46-00 
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If  these  numbeis  aie  compa]:<ed  with  thoee  of  men  serving  at  home  (page 
608),  it  will  be  seen  that  the  mortality  at  eyery  period  is  greater  in  India. 
If  the  average  for  the  corresponding  years  in  England  be  multiplied  by  three, 
we  have  the  following  table,  which  comes  dose  to  the  average  Indian 
numbers : — 

Deaths  per  1000  of  Strength  on  Home  Service  multiplied  by  three  (1859-69). 


U&dar  20. 

90-M. 

S5-S9. 

8(M4. 

85^89. 

40  and  eret. 

8-43 

17-18 

22-83 

86-99 

46-62 

5514 

This  table  shows  also  that  the  proportion  (as  between  England  and  India) 
is  preserved  throughout,  i.&,  that  the  mortality  is  nearly  threefold  greater  ai 
every  age  in  India. 

This  regularity  of  increase  is  an  argument  against  the  view  that  age,  per  «f, 
increases  the  total  mortality  faster  than  it  does  at  home  ;  and  the  statistics  of 
officers  confirm  the  inference  drawn  from  the  argument.  The  mortality  of  the 
members  of  the  Military  and  Medical  Funds  in  Madras  and  Bengal  has  been 
carefully  determined  by  actuaries,  and  the  following  table  proves  thafe 
mortality  among  officers  does  not  increase  with  age  in  anything  like  the  pro- 
portion it  does  among  non-commissioned  officers  and  privates.  The  large 
mortality  in  the  earlier  ages  ia  owing  to  the  statistics  running  back  to  long 
periods,  when  the  deaths  were  more  numerous. 

Mortality  in  Officers  {in  Service  Fund)  according  to  age*  per  1000  of 

respective  ages. 


Under  90. 

iiO>3& 

S5-«0. 

80^^. 

S»-40. 

40-45^ 

Madras  Military  Fund,  ) 
1808-1867,          .        .  ) 

Bengal  Military  Fund,    . 

Madras  Medical  Fund,  ) 
1807-1866,          .        .  5 

29 

12 

•  •  * 

82-6 
22-8 

14-2 

81-6 
24-5 
85-1 

32 

27-5 

84-1 

29-4 

29 

83-4 

28-4 
28*9 
841 

1 

The  mortality  among  officers  of  30  to  35  years  of  ^e  is,  therefore,  nearly 
the  same  as  among  privates,  but  at  35  to  45  it  is  very  much  less.  Mere 
climatic  conditions,  acting  more  and  more  as  age  advances,  can  therefore  not 
account  for  the  greater  mortality  of  the  private  soldier,  for  they  would  act 
equally  on  the  officer.  No  doubt  the  officer  has  a  more  frequent  furlough  to 
England  ;  but  would  this  be  capable  of  giving  him  such  an  advantage  1  I 
think  we  must  conclude  that  other  conditions  apart  from,  or  at  any  rate 
superadded  to,  climate,  must  give  rise  to  the  large  mortality  of  the  private 
soldiers. 

Mortality  according  to  Service. 

The  question  can  be  further  considered  by  taking  into  account  the  effect  of 
service.  The  following  table  from  Dr  Bryden  shows  the  effect  of  service  for 
three  years  at  the  different  ages  : — 


*  Copied  from  the  Report  for  1871  of  the  Sanitary  CommiBsioner  (Dr  Ck>nii8h)  for  Madn% 
1872,  p.  7. 
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Deaih^aieper  1000  in  the  European  Army  of  Bengal^  excluding  Cholera, 


Under  SO  yean 
of  age. 

90-M. 

SC^99. 

80  ind  over. 

Whole  army  of  1866-70, 
First  year  of  service, 
Second  year  of  service,    « 
Third  year  of  service, 

7-61 

12-98 

8-95 

2-87 

18-67 

24-87 

15-84 

9-92 

17-41 
89-82 
23-08 
17-64 

29-94 
47-08 
86-61 
27-77 

Causes  of  Death  per  1000  of  Strength  at  different  Ages  and  Service  in  the 

Bengal  European  Army,* 


Oanaesb 

Tooa 

Ages. 

Under  20. 

SO-94. 

U-99. 

80  and  orer. 

I 

Army  of  1865-70, 

4-95 

5-68 

5-58 

6-92 

Cholera,       «        •    } 

1st  year  of  service,t 
2d  year           „ 

9-58 
•66 

15-89 
2-16 

16-78 
4-44 

20-47 
4-90 

( 

8d  year           „ 

••• 

-17 

2  62 

4-91 

L 

1865-70, 

4-48 

4-78 

2-66 

2-98 

Fever, .        .        .   < 

Ist  year  of  service. 

6-70 

10-86 

8-52 

8-75 

2d  year           „ 

1-97 

5-76 

6-77 

4-76 

( 

8dyear          „ 

•96 

8-08 

8-48 

8  76 

1865-70» 

-94 

1-28 

2-88 

4-41 

Heat  apoplexy,    .    < 

1st  year  of  service, 
2d  year           „ 

2-40 

•  •  • 

8-80 
1-08 

10  02 
2-66 

17-40 
8-60 

( 

8d  year          „ 

•  ■  • 

•17 

•87 

1-46 

/ 

1865-70, 

•  •  • 

■  •  ■ 

•24 

108 

Delirium  tremens,    < 

1st  year  of  service, 
2d  year           ,, 

•  •  e 

•  •  ■ 

•  •• 

•76 

•67 

1-71 
-98 

( 

8d  year           „ 

•  •  • 

•  •  • 

•22 

•87 

/ 

1865-70, 

-57 

1-82 

2-81 

8-20 

Dysentery  and         i 

1st  year  ol  service^ 

1-44 

8  28 

6-51 

5-46 

Diarrhoea,         .    \ 

2d  year           ,, 

1-82 

1-26 

2  66 

4-57 

( 

8d  year           „ 

•  •  • 

•51 

1-58 

4-84 

I 

1865-70, 

•09 

1-78 

8-04 

5-45 

Hepatitis,    .        .    \ 

Istyear  of  service. 

•  •  • 

1-90 

4-75 

6*82 

2d  year           „ 

•  •  • 

1-44 

4  22 

6-86 

i 

3d  year          „ 

•  «  • 

1-87 

8-48 

5-4& 

( 

1865-70, 

•29 

1-18 

1-47 

2-14 

Phthisis,      .        .    } 

1st  year  of  service. 

■  •  • 

2-59 

3-76 

2-39 

2d  year          „ 

•  •  • 

2-52 

2-22 

2-29 

( 

Sdyear           „ 

•  ■  • 

2-22 

218 

2-03 

j 

1865-70, 

-19 

•18 

-92 

2-88 

Heart  disease,      .   < 

1st  year  of  service, 
2d  year           ,, 

•48 

•  •  ■ 

■  •  • 

•86 

1-75 
-44 

1-02 
4-57 

( 

8d  year           „ 

•  •  • 

•  •  • 

-87 

2-90 

1865-70, 

105 

2-75 

4-44 

7-80 

All  other  cansea,  .   < 

1st  year  of  service, 
2d  year           „ 

1-91 
•66 

294 
8-42 

4-26 
4-44 

8-53 
817 

' 

8d  year           „ 

1-91 

2-57 

5-01 

6*94 

The  fiist  table  in  this  page  brings  out  very  forcibly  the  great  mortality  of 
the  first  year  of  service  at  all  ages  ;  the  older  men  suffer  as  much  as  the 
younger  ;  the  mortality  falls  during  the  second  year  of  service,  and  in  the 
third  is  below  the  mean  mortality  of  the  army  at  large.  To  determine  how 
far  this  is  owing  to  climate,  we  must  analyse  the  causes  of  this  mortality. 

*  Appendix  C  hi  Bengal  Sanitary  Report  for  1870,  p.  255.  $t  aeq,,  and  for  1871,  p.  218. 
t  Too  much  weight  must  not  be  laia  on  these  laxge  numbers,  as  that  particular  year  must 
have  been  one  of  great  epidemic  prevalence  of  cholera. 
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The  careful  statistics  of  Dr  Biyden  enable  us  to  answer  this  point  witli  some 
accuracy.* 

Certain  broad  facts  are  at  once  shown  by  the  second  table  on  page  677. 
Leaving  cholera  out  of  the  question,!  the  mortality  from  feyers  is  seen  to  be 
excessive  in  the  first  year  of  service,  and  to  be  far  greater  among  the  young 
men  ;  in  fact,  in  men  over  thirty  it  is  trifling.  Thede  fatal  fevers  are  largely 
made  up  of  typhoid  fever,  |  which  ia  known  to  affept  young  persons  in  a  far 
higher  ratio  than  older  persons.  Heat  apoplexy,  by  which  is  meant  all  the 
forms  of  "  thermic  fever,"  is  also  extremely  fatal  in  the  first  year,  but  its 
incidence  is  not  on  the  young  but  on  the  old  men  ;  on  first  arriving  in  India, 
men  over  thirty  die  seven  times  more  from  heat  diseases  than  the  men  under 
twenty.  TWo  causes  may  be  here  acting, — the  organs  of  the  older  men  may 
not  be  able  to  accommodate  themselves  so  easily  to  the  unaccustomed  heat  as 
those  of  young  men  (see  page  441),  or  the  organs  (lungs,  heart,  and  brain)  of 
the  older  men  may  have  been  ii^ured  by  the  drinking  so  common  in  the  annr. 
Probably  both  causes  are  in  action.  Delirium  tremens  kiUs  no  man  under 
twenty,  and  very  few  under  twenty-five  ;  its  effect  is  nfost  Inarked  after 
thirty,  and  the  table  seems  to  show  that  the  older  drunkards  die  twice  as  fast 
during  the  first  year  in  India  as  in  succeeding  years,  as  if  the  hot  climate  had 
an  unfavourable  influence,  or  they  may  drink  more  on  first  arriving. 
Dysentery  is  fatal  during  the  first  year,  and  especially  in  men  over  twenty- 
five  ;  it  is  less  so  in  the  second  and  third  years,  but  is  still  higher  than  the 
average  of  the  whole  army.  Its  incidence  appears  to  be,  then,  in  the  early 
years  of  service,  and  it  is  more  prevalent  or  more  fatal  in  the  older  men. 
Hepatitis  kills  scarcely  any  under  twenty  years  of  age  ;  its  fatality  increases 
as  age  advances,  until  at  thirty  and  over  it  is  fifty  times  as  fatal  as  imder 
twenty ;  the  effect  of  service  upon  it  is  less  marked  than  in  the  case  of  the 
other  diseases.  Its  fatality  is  no  doubt  connected  with  advancing  d^enera- 
tion  of  the  hepatic  tissue,  produced  either  by  climate,  or  what  is  more  likely, 
perhaps,  by  bad  dietetic  habits. 

When  a  regiment  goes  to  India  the  diseases  (excluding  cholera)  to  be 
guarded  against  during  the  first  two  or  three  years  are,  for  the  young  men, 
fevers  (in  part  enteric),  and  dysentery ;  for  the  old  men,  dysentery,  heat 
diseases,  and  hepatitis.  As  a  regiment  continues  to  serve  in  India  health 
improves,  until  in  the  third  year  the  mortality  is  (except  in  fever  and 
dysentery)  lower  than  the  average  of  the  army  on  a  term  of  years.  We  do 
not  yet  know  how  long  this  lessened  death  rate  continues,  but  eventually  the 
mortality  from  heat  apoplexy  and  hepatitis  again  increases,  while  dysentery 
and  fever  both  decline. 

"No  doubt  the  inquiry  will  eventually  lead  to  still  more  important  results, 
but  even  now  sanitary  measures  of  value  are  pointed  out.  Enteric  fever  and 
dysentery  have  to  be  prevented  among  the  young  men,  and  theie  is  no 
reason  to  doubt  that  the  success  which  attends  preventive  measures  at  home 
will  equally  reward  similar  efforts  in  India.  These  two  diseases  are  greatly 
under  the  control  of  sanitary  regulations,  and  their  continuance  is  a  slur  upon 

*  Dr  Bryden's  statlBtics,  aa  ffiven  in  the  Reports  of  the  Sanitary  Commissioner  with  the 
Goyemment  of  India,  and  in  the  separate  Blue-Book  fV^ital  Statistics  of  the  Bengal  Presi- 
dency, 1870)  are  so  much  more  complete  than  any  other,  that  thev  have  rendered  ohsolete  all 
the  older  records.  Dr  Cornish's  Statistics  as  contained  in  the  Madras  Sanituy  Reports 
also  most  valuable. 

t  The  statistics  of  cholera  are  given  farther  on. 

t  For  evidence  of  this  see  Bryden's  Report,  and  several  papers  in  the  Indian 
Gazette  by  different  officers. 


INDIA.  679 

tlie  application  of  onr  sanitary  knowledge.  We  may  confidently  anticipate  a 
decline  in  their  prevalence  and  mortality. 

Thermic  diseases  and  hepatitis  among  the  older  men  first  going  to  India 
can  also  be  lessened.  The  diseases  arising  from  heat  (either  on  organs 
insusceptible  of  accommodation  or  commencing  to  degenerate)  must  be  met 
by  not  subjecting  men  to  the  influence  of  heat  The  inestimable  boon  of 
placing  on  the  hills  all  regiments  which  arrive  from  England  will  surely  not 
be  much  longer  delayed.  These  statistics  of  Bryden  prove  its  necessity,  and 
it  is  happily  a  measure  which  accomplishes  many  other  objects.  Malaria  is 
avoided,  the  chances  of  cholera  are  lessened,  and  the  risk  of  typhoid  fever 
probably  diminished.  No  other  plan  can  be  devised  which  can  accomplish 
so  much  in  the  way  of  prevention,  or  can  aid  so  greatly  in  preserving  the 
vigour  and  power  of  the  soldier.  And  then,  by  descent  into  the  plains  at 
certain  times,  the  body  will  become  accommodated  to  the  changed  conditions. 

It  is  now  an  order  that  no  soldier  shall  go  to  India  until  he  is  twenty 
years  of  age.  This  was  not  done  because  a  man  under  twenty  suffers  more 
from  climate  and  dies  faster ;  in  fact  he  suffers  less  and  dies  more  slowly,  but 
he  is  unfit  for  the  complete  work  of  a  soldier  until  his  frame  has  consolidated. 
As  soon  as  this  has  taken  place,  however,  it  would  appear  that  he  should  go 
to  India  as  early  as  he  can,  and,  if  protected  from  cholera,  enteric  fever,  and 
dysentery,  he  will  for  some  years  have  as  good  health  as  at  homa  Up  to 
and  inclusive  of  the  third  year  his  health  will  improve  with  residence ;  at 
some  subsequent  period  it  deteriorates,  but  the  statistics  do  not  yet  show  the 
precise  year  of  service  when  this  occurs.  When  it  is  made  out,  and  when  it 
is  clear  that  decided  deterioration  of  health  has  commenced,  the  period  of 
service  should  end,  and  the  soldier  should  return  home. 

The  means  of  prevention  of  enteric  fever,  dysentery,  hepatitis,  and  cholera 
have  been  already  noticed  (page  488  et  seq,) ;  but  it  will  be  desirable  in  this 
place  to  notice  some  places  connected  with  the  mortality  of  cholera  in  Bengal, 
which  appear  to  point  to  certain  preventive  measures. 

Cholera  in  the  Bengal  Presidency.* 

During  fifty  years  (from  1818  to  1867)  the  mean  annual  mortality  from 
cholera  per  1000  of  European  strength  in  Bengal  was  no  less  than  9*4.  It 
was  the  great  cause  of  variation  in  the  percentage  of  mortality  from  year  to 
year.  The  cholera  mortality  was  not  owing,  as  might  have  been  supposed, 
to  service  in  the  stations  in  Bengal  proper  (the  so-called  endemic  home  of 
cholera),  for  the  mean  mortality  in  Bengal  proper  was  below  that  of  the 
Punjab,  where  cholera  is  occasional,  t.^.,  prevails  only  at  certain  seasons  and 
in  certain  years.  If  we  compare  Bengal  proper  with  two  other  military  dis- 
tricts, Agra  with  Central  India,  and  the  Pui\jab  (as  representing  Central  India 
and  the  extreme  north-west),  two  facts  come  out  very  clearly — 1st  That  in 
Bengal  proper  the  mortality  is  more  steady,  but  on  an  average  of  years  is 
lower  than  in  the  other  two  districts,  where  the  mean  mortality  is  heightened 
by  occasional  tremendous  outbreaks  unknown  in  cholera's  endemic  home ;  2d. 
That  in  Bengal  proper  the  Sepoy  mortality  is  higher  than  in  Europeans,  while 
in  the  other  stations  it  is  much  lower,  f 

*  The  statistics  referred  to  in  this  section  are  those  given  by  Bryden  in  his  valuable  Re- 
ports—Vital Statistics  of  the  Bengal  Presidency,  1070— and  Appendices  from  Dr  Cuning- 
nam's  Annual  Report^  but  Dr  Bryden  is  not  answerable  for  my  way  of  putting  the  figures,  or 
for  my  inferences. 

f  It  has  been  wrongly  stated  that  the  excessive  mortality  from  cholera  of  Europeans  in  the 
Bengal  Presidency  is  an  effect  of  race ;  the  statistics  of  Biengal  proper  (as  shown  in  tlie  next 
table)  and  of  the  Madras  Presidency  entirely  disprove  this.  In  toe  Madras  Presidency  in 
1860-66,  the  annual  European  cholera  mortality  was  81  per  1000  of  strength,  and  the  Sepoy 
mortdity  was  8*07,  or  viitually  the  same. 
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Tahle  to  show  the  Mortality  from  Cholera  per  1000  of  Strength  in  Europeans 

and  Sepoys. 


Tear. 

Bengal  Proper. 

Agra  and  Central  India. 

1 
Punjab. 

1 

Earopeans. 

Sepoya. 

European. 

Sapoya. 

European. 

Sepovv^ 

1861 

1862,     

1863,     

1864,  .     .     .     4     . 

1865 

1866, 

1867,     

1868 

1869,     

1870, 

1871,     

6-51 
6-11 
8*17 
2-50 
6-40 
1-90 
2-50 
5  34 

•53 
1-00 

•51 

6-38 
5-44 
4  25 
6-40 
9-20 
7^03 
3-50 
2  51 
4-48 
8  03 
1^25 

41^21 

26-90 

8  82 

0-62 

7-20 

0-23 

3 '30 

3  36 

8018 

•47 

•24 

•25 
1-8 

'4 

•0 
3  1 

0 

•9 

•16 
7-25 
0 
0 

86-10 
12-74 
•13 
•06 
•14 
0 
20-7 
0 
16-86 
0 
0 

6-88 
8-99 

•90 

•0© 

0 

0 
39 

0 
7-83 

0 

■07 

Although,  the  numbers  will  not  be  quite  correct,  still  as  the  strength  of  the 
Europeans  and  Sepoys  did  not  vary  much  from  year  to  year,  the  mean  of  the 
whole  eleven  years  may  without  sensible  error  be  taken  from  the  abore 
averages — 


Europeans. 

Sepoys. 

Europeans. 

Sepoys. 

Europeaoa. 

Sepoys.     ' 

Mean  of  11  years,  . 

8-82 

4-32 

10-68 

1-22 

7-78 

2-02 

The  above  table  is  most  instructive,  and  proves  beyond  doubt  that  while 
cholera  is  never  absent  from  Europeans  in  Bengal  proper*  (the  endemic  home), 
it  never  attains  the  destructive  prevalence  which  occurs  in  Central  India  and 
the  Punjab,  where  it  is  sometimes  entirely  absent  for  years,  and  yet  the 
severity  of  the  outbreak,  when  it  does  occur,  makes  the  mean  Punjab  and 
Central  India  cholera  mortality  of  eleven  years  far  greater  than  the  cholera 
mortality  of  Bengal  proper. 

Among  Sepoys  the  mortality  in  Bengal  proper  is  actually  greater  than  in 
Europeans,  while  it  is  far  less  in  the  Upper  Provinces,  and  in  some  outbreaks 
(as  in  Central  India  in  1861)  the  Europeans  have  suffered  frightfully,  while 
the  Sepoys  have  been  scarcely  touched. 

Whaf  then,  is  the  cause  that  while  in  Bengal  proper,  where  the  conditions 
of  chcTleito  always  exist,  the  mortality'  should  be  comparatively  low,  there 
should  be  such  terrible  outbreaks  in  up-country  stations  where  cholera  is  only 
a  visitor,  and  why  should  these  outbreaks  affect  the  Europeans  so  particolarlyt 
To  answer  this  question  we  may  select  a  few  of  the  worst  stations  in  Upper 
India,  and  see  what  the  mortality  was  in  the  great  epidemics  of  1861-2-7-9. 

Mortality  per  1000  of  European  Strength  in  different  Epidemice. 


Meerat, 
Mean  Meer> 
Peshawur, 
Agra, 
Morar, 


1861. 


84-32 
245-63 
0 

56-56 
137-43 


1862. 


15-70 

49^93 

49-24 

42-5 

87-25 


1867. 


1868. 


70*30 
50-49 
92-93 

0 
11-62 


7-04 
0 
120-14 

0 
82*89 


*  Since  1871  the  ratio  of  deaths  fh)m  cholera  among  European  troops  has  been  very  small 
in  the  Presidency  division  (including  Bengal  proper) :— - 

1872, 0-69  per  1000. 

1878, 0-36 

1874, 0-85 

1875, nil. 
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This  table  shows  that  the  outbreaks  are  very  variable  in  intensity ;  a  station 
may  be  quite  free  from  cholera  in  one  epidemic  and  suffer^  frightfully  in 
another.  In  Agra  in  1861  there  was  a  tremendous  outbreak  ;  in  1867  there 
was  no  case,  though  the  disease  was  all  round. 

If  we  now  analyse  the  station  statistics  themselves,  the  remarkable  fact 
comes  out  that  some  of  the  severest  outbreaks  involved  only  a  portion  of  the 
Europeans. 

Thus,  at  Meerut,  in  1867— 

The  19th  Hussars  were        430  strong,*  and  lost  1  man  from  cholera. 
5  batteries  of  artillery  were  610  „  5  „ 

The  first  bat.  3rd  Bufis  were  679  „        .  105  „ 

The  Sepoys  had  no  death  from  cholera. 
At  Mean  Meer,  in  1867 — 

The  Koyal  Artillery  470  strong,      lost       4  men. 

The  106th  Kegiment  772      „  „       47     „ 

At  Umballa,  in  1867— 

The  21st  Hussars,      418  strong,      lost       2  men. 

The  94th  Eegiment,  638      „  ,,18     „ 

A  battery  of  RH.  A.,  144      „  „  None. 

Abatteryof  R.H.A.,  133      „  „  1  man. 

The  Sepoys,  937      „  „         3    „ 

At  Lucknow,  in  1869 — 

Battery  RH.A.,        131      „  „  None. 

The  5th  Lancers,       479      „  „  4  men. 

102nd  Eegiment,      685      „  „        11     „ 

62nd  Kegiment,        834      „  „        43     „ 

The  Sepoys,  1767      „  „  3    „ 

These  facts  show  that  the  hypothesis  of  an  epidemic  influence  produced  by 
something  floating  in  the  air  is  incredible,  and  for  such  a  partial  distribution 
as  is  shown  above  would  be  impossible.  If  these  figures  prove  anything,  it 
is  that  the  causes  of  the  tremendous  loss  in  these  stations  is  not  a  generally 
diffused  cause,  but  a  well-marked  local  development,  having  narrow  limits,  and 
sometimes  involving  only  a  single  barrack. 

At  Meerut,  in  1867,  while  the  3rd  Bufis  were  literally  more  than  df  'mated, 
the  Hussars  and  Sepoys  were  as  healthy  as  if  they  had  been  in  England. 

The  figures  also  show  that  the  supposition  that  the  difference  in  mortality 
between  the  Europeans  and  Sepoys  is  owing  to  difference  of  social  habits 
(especially  as  regards  latrine  arrangements)  is  unlikely,  for  different  bodies 
of  Europeans  in  the  same  station  suffer  as  diversely  as  Europeans  and 
Sepoys. 

The  localising  conditions,  which  give  the  intense  spread  to  what  is,  no 
doubt,  an  imported  agent,  must  be  referable  to  either  soil,  water,  air,  or  food. 
Faulty  latrine  arrangements,  if  they  exist,  must  act  through  one  or  other  of 
these  media,  poisoning  the  ground,  or  air,  or  water.  The  inquiry  into  the 
local  spread  of  cholera,  if  concentrated  on  the  locality,  and  carried  to  the  ex- 
haustion of  every  possible  factor,  must  surely  solve  this  problenL  It  is  as  in 
typhoid  fever  at  home,  where  everything  often  seems  a  mystery  until  a 
minute  search  is  made,  and  then  what  seemed  inexplicable  is  found  to  be 
simple. 

But,  without  waiting  for  the  solution  of  the  cause  of  these  localisations  of 

*  The  strength  is  the  average  strength  of  the  year,  and  is  merely  given  to  show  the  general 
relation  between  the  nui^bers  and  the  deaths. 
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cholera,  the  fact  of  the  localisation  points  out  pieventive  measures  which,  as 
a  matter  of  reasonahle  precaution,  ought  to  he  taken  in  eveiy  harrack  in 
Upper  India  where  these  great  outhreaks  have  occurrecL  These  measures 
should  he  adopted  on  the  ground  of  removing  every  possihle  local  cause, 
even  though  the  particular  precaution  may  not  have  heen  proved  to  he 
necessary. 

1.  The  influence  of  the  ground  should  he  excluded  hy  the  most  thorough 
paving  and  cementing  everywhere,  and  by  careful  examination  and  cleansing 
under  every  floor. 

2.  A  fresh  water  supply  should  he  obtained  at  any  cost,  be  from  an  un- 
doubted source,  and  be  kept  solely  for  the  use  of  the  barrack.^ 

3.  The  cooking  arrangements  should  be  entirely  remodelled,  and  the  supply 
of  every  article  of  food  carefully  considered 

4.  The  latrine  arrangements  should  be  remodelled,  the  places  changed,  and 
the  system  at  every  point  scrutinised  to  see  if  soil,  air,  or  water  can  in  any 
way  be  contaminated  by  percolation  or  emanation. 

If,  after  adopting  these  measures,  and  carrying  them  out  fairly  in  their  in- 
tegrity, an  outbreak  still  occurs,  this  cannot  throw  doubt  on  the  correctness 
of  the  view  which  attaches  so  much  weight  to  localisation ;  it  will  only  show 
that  we  have  not  solved  the  problem  of  the  localising  agency,  and  if  no  other 
local  sanitary  measures  can  be  adopted  it  seems  to  me  that  the  barrack  should 
altogether  be  abandoned.  But  I  believe  this  will  not  be  found  to  he 
necessary,  t 

With  regard  to  Mean  Meer,  which  has  suffered  so  severely  and  so  often 
from  cholera,  it  is  a  very  important  fact  that  enteric  fever  has  from  time  to 
time  prevailed  at  that  station,  as  in  1860-69-70.  In  the  two  latter  years  a 
careful  examination  of  the  water  supply  was  made  by  Surgeon-Major  Skeen, 
of  the  85th  regiment,  who  has  kindly  given  me  the  evidence  on  the  point 
Although  his  view  has  been  disputed,  the  facts  he  mentions  in  his  letter  to 
me  have  convinced  me  that  in  both  these  years  the  water  was  the  medium  of 
introduction.  The  fact,  as  I  believe  it,  of  typhoid  fever  being  thus  introduced 
by  well  water  (temporarily  used  in  the  absence  of  canal  water),  the  chemical 
analysis  showing  fsecal  impregnation  of  this  well  water,  and  the  existence  of 
sources  of  faecal  contamination  of  water,  all  seem  to  me  strongly  to  indicate 
that  cholera  evacuations  would  also,  in  all  probability,  pass  into  the  water, 
and  might  account  for  the  fearful  outbreaks  at  Mean  Meer.  At  any  rate  there 
can  be  no  doubt  that  means  should  be  taken  to  entirely  close  the  wells,  which 
are  occasionally  used,  and  if  the  canal  water  which  is  ordinarily  used  does 
not  give  a  sufficient  supply  at  all  times  of  the  year,  that  a  fresh  source  should 
be  brought  down  at  any  cost  The  strong  facts  given  by  Dr  De  Eenzy 
respecting  Peshawur  prove  that  the  same  course  should  be  adopted  in  that 
station.  These  measures  are  imperatively  demanded  as  a  matter  of  precaution, 
and  no  theoretical  arguments  that  the  water  is  not  to  blame  ought  to  be 
allowed  to  override  them. 

Phthisis  in  Indict 

The  amount  of  Phthisis  in  India  is  a  highly  interesting  question,  and  in 
the  following  table  I  have  calculated  the  admissions,  deaths,  and  invaliding 
from  this  cause  for  two  successive  periods  of  four  years  each ;  the  admissions 
and  deaths  aro  also  added  for  the  six  years  ending  1876. 

*  Should  there  be  insuperable  difficulty  attending  this,  much  good  might  be  done  by  supply- 
ing the  barracks  with  distilled  water.  £ven  boili^  the  water  before  issue  would  probably  be 
efficacious.  ^F.  db  C. 

t  For  the  measures  to  be  adopted  during  the  epidemic,  see  page  4SU 
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PhtkisiSj  including  Hcemqptyeis  per  1000  of  Strength, 


AdmlMloiia. 

Deatba. 

Inyallded. 

Total  Deaths 
&  Invalided. 

Bengal. 

4  years— (1863-66),  . 

7-600 

1-707 

2-729 

4-436 

4  yeara— (1867-70),  . 

10-080 

1-762 

8-636 

5-388 

6  yeare- (1869-74),  . 

10*080 

1-870 

•  •  ■ 

••  • 

Bombay. 

4  years— (1868-66),  . 

7  "766 

1-626 

8-280 

4-806 

4  years— (1867-70),  . 

9-186 

1.238 

8-676 

4-814 

6years— (1869-74),  . 

10-000 

1-670 

•  ■  • 

.•■ 

Madras. 

4  years— (1863-66),  . 

11-526 

1-468 

8-656 

6-114 

4  years— (1867-70),  . 

11  -950 

1-336 

4-787 

6-073 

6  years- (1869-74),  . 

13-000 

1-620 

■  •  • 

•  •  • 

How  regularly  the  causes  of  phthisis  must  be  acting,  is  seen  in  the  fact 
that  in  four  years,  1863-66,  74  men  died  from  phthisis  in  the  Bombay 
Presidency,  and  73  in  the  Madras  Presidency,  the  mean  number  of  troops 
being  in  each  cdse  abnost  precisely  the  same  (12,119  and  12,512).  In  the 
next  four  years,  with  a  smaller  number  of  troops,  53  and  55  died  in  the  two 
Presidencies.  In  the  Bengal  Presidency  the  deaths  are  higher,  but  the  in- 
validing is  less,  so  that  the  slight  difference  is  compensated.  More  men  died, 
and  fewer  were  sent  away. 

The  table  seems  to  me  to  show  clearly  that  the  immense  range  and  varia- 
tion of  climates  in  which  the  troops  serve  in  India,  produce  no  effect  whatever 
on  the  production  of  phthisis ;  and  this  inference  is  again  strengthened  by 
the  fact  that  the  mortality  in  Bengal  from  phthisis  is  almost  precisely  the 
same  as  in  Canada  (1-707  and  1-71  per  1000). 

If  the  Indian  mortality  and  invahding  are  compared  with  the  table  already 
griven  of  phthisis  in  the  home  army  (p.  609),  it  will  be  seen  that  there  is 
decidedly  less  phthisis  in  India.  The  mortality  is  less,  and  the  invaliding  is 
far  below.  There  can  be  no  doubt,  then,  that  the  causes  of  phthisis  are  less 
active  in  India  than  at  home ;  and  if  these  causes  are  not  climatic,  must  the 
difference  not  be  found  in  the  larger  breathing  space  and  greater  lateral 
separation  men  have  in  India  % 

It  would  be  interesting  to  have  some  certain  statistics  of  the  amount  of 
phthisis  in  former  years,  when  men  were  more  crowded ;  Ewart*  gives  the 
deaths  in  the  Bengal  Presidency,  from  1812  to  1831,  as  2*6  per  1000  of 
strength,  and  from  1832  to  1851-52,  as  1-8  per  1000.  In  the  Bombay 
Presidency,  from  1803  to  1827,  they  were  1-6,  and  fipom  1828  to  1852,  1-4 
per  1000.  Ewart  thinks  this  indicates  a  large  decrease,  but  doubts  whether 
this  may  not  be  owing  to  more  accurate  diagnosis.  The  table  just  given 
shows,  however,  that  in  Bombay  at  any  rate  the  deaths  in  the  years  1863-66 
were  as  great  as  in  1828-52.  In  the  early  period,  however,  there  may  have 
been  less  invaliding.  In  the  absence  of  reliable  statistics,  the  question  of  the 
relative  amount  of  phthisis  now  and  formerly  seems  to  me  impossible  to  be 
answered. 

With  respect  to  the  cure  and  prevention  of  phthisis,  it  seems  a  great  pity 
to  send  phthisical  invalids  to  England,  where  they  die  at  Netley,  or  are  cast 
out  to  die  miserably  among  the  civil  population,  when  in  the  Himalayas  there 
are  elevated  localities  which  must  be  particularly  adapted  for  the  successful 


*  Vital  Statistics  of  the  Annies  in  India,  1869,  p.  164. 
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treatment  of  coDsamption.  When  means  of  commtfmcation  are  improved,  it 
is  possible  that  we  may  see  phthisical  invalids  going  from  Europe  to  the  high 
peaks  of  the  Himalayas,  and  why  should  not  the  European  soldier,  who  is 
actually  in  India,  benefit  by  the  mountain  ranges  ?  A  phthisical  sanitariam, 
at  an  altitude  of  10,000  feet^  would  be  likely  to  cure  the  disease  in  many 
cases,  if  it  were  diagnosed  early,  and  then  if  the  men  were  afterwards  kept 
on  the  lower  hill  stations,  they  would  probably  become  perfectly  strong.  To 
send  these  men  home  to  England,  is  condemning  them  to  almost  certain 
death.  Formerly  the  distance  in  India  would  have  been  fatal  to  such  a  plan, 
but  now,  by  proper  arrangements,  even  weakly  men  could  be  brought  from 
all  parts  of  India.  Dr  Hermann  Weber,  who  has  paid  great  attention  to  the 
effect  of  altitude  on  phthisiB,  holds  very  decided  views  as  to  the  beneficial 
effect  of  such  an  arrangement^  and  has  already  urged  this  point  on  the  atten- 
tion of  the  authorities. 

The  other  diseases  of  the  lungs  are  not  unknown  in  India.  Pneumonia 
gives  a  mortality  in  Bengal  of  about  '5  per  1000  of  strength,  or  a  little  leas 
than  at  home  (a  *571);  while  in  the  other  two  presidencies  it  is  not  half 
this  amount  Acute  bronchitis  also  causes  in  all  the  presidencies  a  mortality 
almost  precisely  the  same  as  at  home  ('27  and  *285  per  1000). 

Lo88  of  Service — European  Troops. 

The  admissions  and  mean  daily  sick  have  been  already  given. 

As  compared  with  home  service,  a  larger  number  of  achmssions,  a  greater 
d£dly  number  of  sick,  and  a  shorter  duration  of  cases,  and  a  larger  mortality, 
indicate  not  only  more  sickness,  but  the  presence  of  very  rapid  mortal  diseases, 
which  shorten  the  mean  duration  of  all  cases. 

The  chief  causes  of  admissions  are  "  paroxysmal  and  continued  fevers,'' 
venereal  disease,  dysentery,  rheumatism,  integumentary  diseases,  and  digestive 
affections  (not  hepatitis).  Hepatitis  and  cholera  cause  few  admissions,  but  a 
large  mortality. 

With  regard  to  the  prevention  of  those  several  diseases,  enough  has  been 
said  on  the  chapter  on  the  Prevention  of  Disease.  There  is  no  doubt  thai 
much  may  be  done,  and  probably  the  sickness  and  mortality  will  be  reduced, 
if  hill  stations  are  used  to  the  same  ratio  as  in  the  West  Indies. 

It  is  most  satisfactory  to  find  that  the  sickness  and  mortality  are  both 
rapidly  falling,  owing  to  the  energetic  means  now  being  adopted  by  the 
Government,  and  to  the  increased  sanitary  powers  and  improved  curative 
means  of  the  medical  officers. 

The  prevalence  of  venereal  disease  demands  as  much  attention  in  India  as 
in  England,  but  the  preventive  measures  will  be  much  easier.  Police  regu- 
lations and  proper  surveillance  are  now  being  enforced,  and  Lock  hospi^ds 
are  established  in  many  places.  At  present  twelve  men  per  company  are 
allowed  to  marry,  and  it  has  been  supposed  by  military  officers  that  25  per 
cent,  could  be  so  allowed.  This  is  much  to  be  desired ;  but  if  it  be  done,  the 
Government  must  face  certain  results ;  proper  quarters  must  be  provided,  and 
places  for  disposal  of  the  women  in  times  of  service.  It  is  also  very  desirable 
for  married  men  not  to  move  regiments  too  frequently ;  and  if  the  plan  of 
giving  a  regiment  two  years'  service  in  the  hills  and  one  on  the  phuns  be 
adopted,  it  will  put  the  married  people  to  great  expense.  Probably  it  will  be 
found  that  a  longer  hill  service  can  be  given  without  injury.* 


*  The  new  short  senrice  lystem  wiU  probably  change  the  aspect  of  the  question. 
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Invaliding  of  European  Troops. 

During  the  last  few  years  tbe  invaliding  statistics  of  Bengal  have  been 
given  with  gieat  care  by  Dr  Bryden.*  The  invaliding  ratio,  from  all  causes, 
in  the  Benged  European  army,  has  varied  in  ten  years  (1861-70)  from  28*09 
to  53-98  per  1000  of  strengtL 

In  the  Bengal  army  the  ratios  were  per  1000  strength — 


Years. 

Under  24.t 

25  to  SO. 

80  and  upwards. 

1865-70, 

26-55 

39-74 

78-34 

1871,      . 

25-95 

40-42 

68.14 

The  invaliding  is  high  during  the  early  years  of  service  ;  in  1871,  out  of 
2357  invalids  whose  residence  in  India  was  known,  1202^  or  51  per  cent., 
had  been  only  from  one  to  three  years  in  India. 

The  chief  causes  of  invaliding  are  phthisis,  heart  affections,  hepatitlB,  and 
general  debility,  and  the  following  table,  from  Bryden,  shows  the  ratio  of 
these  classes  : — 


Chief  Causes  for  Invaliding. 

lto8  Tears. 

6  to  10  Tears. 

Above  10  Tears. 

Phthisis,      .... 
Heart  Affections, 
Hepatitis,    .... 
General  Debility, 

10 
15 
17 
16 

7 

6 

16 

19 

4 

8 
16 
28 

Per  cent,  of  Total  Invaliding, 

67 

47 

66 

The  total  invaliding  is  made  up  of  those  sent  home  for  discharge  and  for 
change  of  air.  From  one-third  to  nearly  one-half  of  all  invalids  are  in  the 
latter  category. 

MartolUy  of  Native  Troops, 

Colonel  Sykes  gives  the  mortality  for  1825-44  as  18  per  1000  of  strength 
for  all  India  ;  and  for  Bengal,  17-9  ;  Bombay,  12'9  ;  Madras,  20*95. 

In  Madras,  from  1842  to  1858,  the  average  was  18  per  1000  (Macpherson), 
of  which  6  per  1000  each  year  were  deaths  from  cholera. 

Ewart  gives  the  following  numbers  (p.  36),  per  1000  of  strength — Bengal 
(1826-1852),  13-9;  Bombay  (1803-1854),  15-8;  Madras  (1827-1852), 
17-5. 

Taking  successive  quinquennial  periods,  there  has  been  a  slight  progressive 
decrease  in  mortality,  but  this  is  less  marked  than  in  Europeans. 

The  excess  of  mortality  is  chiefly  due  to  cholera,  dysentery,  and  fever. 

In  Bengal,  in  the  years  1861-67,  the  annual  mort^ty  per  1000  of  men 
present  with  the  regiments  was  14*57.  In  Madras  the  average  mortality  in 
six  years,  1860-66,  was  12-6. 

The  following  table  gives  the  mortality  of  native  troops  per  1000  of  strength 
in  the  presidencies  of  Madras  and  Bombay  in  1870-71 ;  and  for  Bengal  in 
1870-71  and  1875. 


*  Vital  Statistics  of  the  Bengal  Presidency,  1870 ;  and  7th  and  8th  Reports  of  the  Sanitary 
Commissioner  (Dr  Chmiogham)  with^the  Gk>venmient  of  India.  I  must  refer  to  these  elabo- 
rate reports  for  the  fnll  details. 

t  In  the  Army  Medical  Reports  the  ratios  are  now  given  for  each  biennial  period  up  to  30 
yearo  of  age.    (^  Report  for  1876,  vol.  zni. ) 
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Bengal. 

Bombay. 

Madrmau          1 

1870. 

1871. 

187«. 

1870. 

1871. 

1870. 

1871. 

Cholera,        . 

•75 

•84 

1-69 

»■• 

•8 

•55 

•32 

Small-Poz,-  . 

•18 

•  •  • 

0-20 

•  •  ■ 

•  •  • 

•  ■  • 

•  •  • 

IntArmittent,  Remittent, ) 
and  Continued  Fever,  j 

4-66 

2^64 

2-56 

2-1 

2-4 

1-97 

1-4 

Apoplexy  and  Sonstroke, 

•23 

•18 

0-38 

•1 

•2 

•19 

•2     . 

Dysentery,   , 
Diarrhoea,     . 

1-94 

109 

0-92 

•4 

•4 

•27 

•64 

1-06 

ISO 

0*82 

•4 

•1 

•85 

•84 

Hepatitis,     . 

•18 

•2 

0-10 

•2 

•2 

•19 

•16 

Spleen  Disease,     . 

•25 

•48 

0-56 

■  •  • 

•  •  ■ 

•08 

•04 

Respiratory  Diseases,    . 
Phtnisis, 

8 '22 

4-19 

8-17 

1-8 

8  1 

1-23 

•64 

•88 

1-04 

0-15 

•4 

•8 

•67 

•84 

Heart  Disease, 

•20 

•20 

0-77 

■  •  • 

•4 

•47 

•4 

Dropsy, 

•17 

•05 

0-08 

•  •  • 

•  •  • 

•75 

•56 

Scurvy, 

Atrophy  and  Ansemia,  . 

•17 

•08 

0-10 

•2 

•4 

•  •  • 

«•> 

■48 

•48 

0-86 

•1 

•1 

•47 

•16 

Woundis  and  Accidents, 

•20 

•20 

0-28 

•  ■  • 

•1 

•11 

-12 

All  other  Causes,  . 

•98 

1-80 

0-95 

2-8 

2-4 

2-98 

2  48 

Died  out  of  Hospital,    . 

•45 

•81 

0-56 

•  •  • 

•  ■  • 

•  •• 

■  •  * 

Total, 

15-89 

15-04 

18-55 

8-5 

10-6 

9-48 

8-84 

SECTION  IX.: 

CHINA. 
HoNo-KoKa. 

Although  the  English  have  occupied  Canton,  Tientsin  in  the  north,  and 
several  other  places,  yet,  as  their  occupation  has  heen  only  temporaiy,  it 
seems  unnecessary  to  describe  any  other  station  than  Hong-Kong. 

Garrison  of  Hong-Kong  about  1000  to  1500,  but  differing  considerably 
according  to  the  state  of  affairs  in  China. 

The  island  is  27  miles  in  circumference,  10  long,  and  8  broad  at  its  widest 
part. 

Geology, — ^The  hills  are  for  the  most  part  of  granite  and  syenite,  more  or 
less  weathered.  In  some  parts  it  is  disintegrated  to  a  great  extent,  and  clayey 
beds  (laterite)  are  formed,  in  which  granite  boulders  may  be  embedded. 
Victoria,  the  chief  town,  stands  on  this  disintegrated  granite.  As  in  all  other 
cases,  this  weathered  and  clayey  granite  is  said  to  be  very  absorbent  of  water, 
and,  especially  in  the  wet  season,  is  considered  very  unhealthy. 

Climate, — Mean  annual  temperature,  73'  Fahr. ;  hottest  month  (July) 
86° -25  ;  coldest  month  (January),  62* '75  ]  amplitude  of  the  yearly  fluctua- 
tions, 33°  •S. 

The  humidity  is  considerable,  about  10  grains  in  a  cubic  foot  of  air  in  July, 
and  four  in  January. 

The  N.E.  monsoon  blows  from  November  to  April  j  it  is  cold,  dry,  and  is 
usually  considered  healthy  and  bracing  ;  but  if  persons  who  have  suffered 
from  malaria  are  much  exposed  to  it,  it  reinduces  the  paroxysm.  The  S,W. 
monsoon  blows  from  May  to  October  ;  it  is  hot  and  damp,  and  is  considered 
enervating  and  relaxing.  The  difference  in  the  thermometer  between  the  two 
monsoons  has  been  said  to  be  as  much  as  46°,  but  this  seems  excessive. 

The  rainfall  is  about  90  inches  with  the  S. W.  monsoon. 

In  addition  to  Victoria,  there  are  two  or  three  other  stations  which  have 
been  occupied  as  sanitaria,  viz.,  Stanley,  seated  on  a  peninsula  on  the  soadi 
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end  of  the  island,  and  about  100  feet  above  the  sea ;  and  Sarivan,  5  miles 
east  of  Victoria.  Neither  station  seems  to  have  answered ;  the  barracks  are 
very  bad  at  Stanley,  and  are  exposed  too  much  to  the  N.E.  monsoon,  which, 
at  certain  times,  is  cold  and  wintry ;  during  the  S.  W.  monsoon  it  is  healthy. 
Sarivan  has  always  been  unhealthy,  probably  from  the  neighbourhood  of  rice 
fields.  Since  the  close  of  the  last  war  a  portion  of  the  mainland,  Cowloon, 
opposite  Victoria,  has  been  ceded,  and  has  been  occupied  by  troops.  It  is 
said  not  to  be,  however,  even  so  healthy  as  Hong-Kong,*  but  there  are 
di£ferences  of  opinion  on  this  point 

Hong-Kong  has  never,  it  is  said,  been  considered  healthy  by  the  Chinese. 
The  chief  causes  of  unhealthiness  appear  to  be  the  moist  laterite  and  weathered 
granite,  and  the  numerous  rice  fields.  Indeed,  to  the  latter  cause  is  ascribed 
by  some  (Smart)  f  the  great  unhealthiness,  especially  when  the  rice  fields  are 
drying  in  October,  November,  and  December. 

Local  causes  of  unhealthiness  existed  till  very  lately  in  Victoria.  In  build* 
ing  the  barracks  the  felspar  clay  was  too  much  cut  into,  and,  in  addition,  the 
access  of  air  was  impeded  by  the  proximity  of  the  hills.  The  S.  W.  monsoon 
was  entirely  shut  out     Till  lately  sewerage  was  very  defective. 

Owing  probably  to  these  climatic  and  local  causes,  for  many  years  after  its 
occupation  in  1 842,  Hong-Kong  was  excessively  unhealthy.  Malarious  fevers 
were  extremely  conmion,  and  not  only  so,  but  it  is  now  known  that  typhoid 
fever  has  always  prevailed  there  (Becher  and  Smart).  Dysentery  has  been 
extremely,  severe,  and  has  assumed  the  peculiar  form  of  lientery.  This  was 
noticed  in  the  first  China  war,  and  appears,  more  or  less,  to  have  continued 
since.     In  addition  to  these  diseases,  phthisis  appears  to  have  been  frequent 

There  have  been  of  late  years  such  frequent  wars  in  China,  that  the  exact 
amount  of  sickness  and  mortality,  due  to  the  climate  of  Hong-Kong,  cannot 
be  well  determined.  But  it  is  becoming  much  healthier  than  in  former  years, 
owing  to  the  gradual  improvement  in  sanitaiy  matters  which  goes  on  from 
year  to  year.  In  1865  there  was,  however,  much  sickness,  owing  apparently 
to  overcrowding,  and  to  bad  accommodation. 

In  the  Statistical  Eeports,  the  troops  serving  in  Hong-Kong,  Cowloon, 
Canton,  and  Shanghai,  are  classed  together,  so  that  the  influence  of  Hong- 
Kong  per  86  cannot  be  known. 

In  the  years  1859-66,  which  include  years  of  war,  the  admissions  in  South 
China  averaged  2131,  and  the  deaths  56*25,  or,  exclusive  of  violent  deaths, 
52-63  per  1000  of  strength,  and  there  was  in  addition  a  large  invaliding. 
Paroxysmal  fevers  gave  609  admissions  and  7*77  deaths  ;  continued  fevers, 
25*25  admissions  and  4*17  deaths  ;  and  dysentery  and  diarrhoea,  249  admis- 
sions and  16*3  deaths  per  1000.  In  later  years  the  mortality  was  less  ;  in 
1869-70,  it  was  16*02,  and  in  1871  only  5*82  per  1000  of  strength,  and  of 
these  only  3*88  was  from  disease.  In  1875  it  was  9*44.  It  is  evident  that 
the  causes  of  sickness  and  mortality  are  now  being  brought  under  control  { 


*  See  Report  of  Surgeon  Snell,  Army  Medical  Report,  vol.  t.  p.  360,  for  the  causes  of 
the  unhealthiness  of  Cowloon. 

-f*  Transactions  of  the  Epid.  Soc.,  vol.  L  p.  191.  This  paper  should  be  consulted  for  an 
excellent  account  of  Hong  Kong,  and  of  the  diseases  among  nauors  especially. 

X  Australia  and  yew  Zealand. — The  withdrawal  of  the  troops  from  these  colonies  renders 
it  unnecessary  to  give  any  statistical  details. 


CHAPTER  V. 
SERVICE  ON  BOARD  SHIP.* 

Serviob  on  board  ship  must  be  divided  into  three  sections,  corTeQ>oiidiiig  to 
three  different  kinds  of  service. 

1.  Transport  ships,  for  the  conveyance  of  healthj  soldiers,  their  wives  and 
children,  from  place  to  place,  or  for  conveying  small  parties  of  troops  in  charge 
of  convicts. 

2.  Transports  for  conveyance  of  sick  from  an  army  in  the  fidd  to  an  hoiptal 
in  rear,  or  from  a  foreign  station  to  a  sanitarium,  or  hom&  Although  the  tenn 
is  a  little  odd,  it  is  convenient  to  call  these  ships  Sick  Transporta 

3.  Hospital  ships,  intended  for  the  reception  and  treatment  of  the  sick. 

^  ■  '  .... 

*  Although  the  conditionB  of  life  on  board  ship  are  moet  important,  ft  is  not  possible  for  mt, 
with  due  regard  to  apace,  to  enter  into  the  sabject.  But  the  neoeaaity  of  thorough  study  bsi 
been  well  shown  by  a  very  valuable  essay  of  Dr  Rattray's,  read  before  the  Medioo-ChinugiGal 
Society  in  1872.  and  from  this  I  extract  a  few  points  of  great  interest.  In  H.M.  frigate, 
Bristol,  used  for  training  of  cadets  (wooden  snip,  ventilated  chiefly  with  windsaSa,  the 
rMults  of  150  analyses  of  tne  ah:  between  decks,  dunng  voyage  to  the  Cape  and  back  (a.'vtngt 
sleeping  cubic  space  105  to  222  cubic  feet  for  the  crew,  and  from  242  to  506  for  cadets),  showed 
that  the  impurity  was  immense ;  the  avera^  CO^  was  no  less  than  16*4  volumes  per  1000^ 
with  a  range  of  from  4'2  up  to  88*71  volumes  m  the  most  crowded  parts.  The  reason,  no  doubt, 
of  this  most  unusual  amount,  is  not  only  great  crowding,  but  a  constant  residinim  of 
impurity,  arising  ftx>m  continued  occupation  and  very  slow  renewal  of  air.  In  parts  also  the 
products  of  combustion  accumulate.  Kattray  mentions  that  lime- wash  soon  gets  discolound, 
and  effervesces  with  acid.  In  the  tropics,  although  the  ship  was  more  open,  the  air  was  ss 
impure  as  in  colder  regions,  owing,  no  doubt,  to  its  greater  stagnancy.  Sulplturetted  hydnfen 
and  sulphide  of  ammonium,  derived  from  decomposition  of  the  sulphates  m  bilge-water,  Ac, 
from  rotten  timber,  and  from  decomposing  excreta,  existed  in  considerable  amouoty  from. 
*000578  to  '049048  volumes  per  1000  (the  latter  was  in  the  bilge) ;  it  was  most  where  the 
crowding  was  greatest.    Ammonia  was  also  in  lai^ge  amount ;  ozone  was  deficient,  and  wm 


cooler  by  night  tban  day,  but  was  warmer  by  3°  or  4"  than  the  external  air.  The  su^ieDded 
matters  in  the  air  of  the  ship  were  large  in  amount,  and  consisted  of  debris  of  wood,  metal, 
sail,  rope,  clothinc,  epithelium,  and  nitty  matter ;  8  grains  of  fine  greyish  dust  from  between 
the  beams  of  the  lower  deck  gave  7S'84  per  cent  of  destructible  matter,  and  26-06  per  eent 
of  mineral  substance.  In  the  air  of  the  lower  and  main  deck,  there  were  minute  living  acari. 
legs  of  insects,  and  small  round  and  oval  bodies,  similar  to  those  described  by  Lemaire  and 
Trautman.  Dr  Rattray  points  out  the  highly  deleterious  effect  of  breathing  such  an  ' 
sphere  as  this  on  the  great  function  of  respiration  and  aeration. 

The  following  examination  of  bilge-water,  collected  seven  davs  after  the  bilge  had  ...«. 
sluiced,  is  of  interest.  The  specific  gravity  (at  74**  Fahr.)  was  l(fel,  the  sea- water  being  WS 
(temp.  71°) ;  there  was  a  tolerablv  dear  supernatant  strongly  alkaline  fluid,  with  a  foHid 
smell,  and  evolving  sulphuretted  hydrogen  in  sufficient  amount  to  darken,  in  five  minutes, 
paper  soaked  in  acetate  of  lead  solution,  and  held  over  it.  There  was  a  copious,  dark,  highly 
offensive  sediment,  showing  under  the  microscope  small  particles  of  wood^  sand,  coal,  ilmite- 
wash,  kc.  It  is  clear  that  the  sea-water,  after  passing  into  the  ship,  became  concentntod,  aad 
was  acted  on  by  various  organic  matters. 

Seven  specimens  of  bilge-water  examined  at  Netley  by  Drs  Macdonald  and  de  ChftmiMat 
fh>m  iron,  wooden,  and  composite  ships  (sea- water  with  solids  varying  finom  891  to  2886  grahis 
per  gallon),  at  first  contained sulphurettea  hydrogen,  but  after  four  months'-exposore  in  loeeelj 
corked  bottles,  the  sulphuretted  hydrogen  entirely  disappeared;  there  were  no  atllr*«f*f 
sulphides.  This  shows  that  the  production  of  SH,  occurs  from  changes  produced  in  the  bike- 
water  by  the  materials  of  the  ship,  and  does  not  go  on  when  the  bilge  is  removed  froniSe 

amount,  and 
je  of  life  «M 
remarkable ;  there  were  only  a  few  dead  organisms,  and  these  seemed  as  if  attenuated  and  starred 
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SECTION  L 

TRANSPORTS  FOR  HEALTHY  TROOPS. 

The  use  of  Govemment  transports  has  very  much  altered  the  duty  of  medi- 
cal officers  on  board.  The  transports  are  really  men-of-war,  ue,,  officered  by 
the  Royal  Navy,  and  under  naval  regulations.  The  medical  officer  of  troops 
has  therefore  nothing  to  do  with  the  vessel  and  its  arrangementsL  It  seems 
improbable  that  hired  transports  will  be  much  if  at  all  used  in  future,  and 
therefore  it  is  not  necessary  to  go  into  the  details  given  in  the  former  editions 
of  this  work. 

In  case  there  should  be  any  service  of  the  kind,  the  Queen's  Regulations 
(section  xxii.  Duties  on  Board  Ship)  and  the  Medical  Regulations  (part  iv. 
section  v.)  have  to  be  carried  out. 

SECTION  IL 

TRANSPORTS  FOR  SICK  TROOPS. 

No  specific  r^ulations  are  laid  down  with  respect  to  these  hired  ships,  but 
it  would  be  very  desirable  to  have  some  set  rules  with  respect  to  space,  diet, 
and  fittings.  Invalids  are  now  carried  from  India  and  the  Colonies  in  Govem- 
ment transports  ;  occasionally  hired  transports  are  used.  At  piesent  the  diet 
of  invalids  on  board  the  hired  transports  is  not  good.  In  respect  of  fittings, 
the  use  of  swinging  cots  for  feeble  men,  and  well*  arranged  closets  for  dysenteric 
cases,  are  very  important.  So  also  with  the  cooking ;  the  coarse  ship  cooking 
is  a  great  trial  to  many  patients.  If  there  is  need  of  Govemment  transports 
for  healthy  men,  the  necessity  is  still  greater  for  sick  men. 

As  far  as  possible,  the  sick  should  be  treated  on  deck  in  fine  weather,  a 
good  awning  and  a  comfortable  part  of  the  deck  being  appropriated  to  them. 
I  believe  that  it  would  be  a  good  plan  not  to  send  home  officers  and  sick  men 
in  the  same  ship,  but  to  have  officers'  ships,  so  as  to  give  up  the  poop  to  the 
men  in  the  ships  which  carried  them,     lliis  division  will  bie  a  gain  to  both. 

In  time  of  war,  sick  transports  are  largely  used  to  carry  troops  to  hospitals 
in  rear.  For  this  purpose  good  roomy  steamers  must  b  9  chos  3n.  For  economy's 
sake,  they  will  generally  be  large,  and  probably  with  two  decks  ;  they  should 
never  have  more,  and  indeed  a  single  deck  is  better.  But  if  with  two  decks, 
each  space  should  be  separately  ventilated  by  tubes,  so  as,  as  far  as  possible, 
to  prevent  passage  of  fold  air  from  the  lower  to  the  upper  deck.  All  the  worst 
cases  should  be  on  the  upper  deck,  especially  surgical  cases. 

The  decks  of  these  vessels  should  be  as  clear  as  possible,  so  that  men  can  be 
treated  on  deck.  An  apparatus  should  be  arranged  for  hoisting  men  on  deck 
from  below. 

It  has  been  proposed  to  fit  these  ships  with  iron  bedsteads,  and  no  doubt 
this  gives  the  men  more  space  ;  but  a  better  plan  still  would  probably  be  to 
have  short  iron  rods,  to  which  every  cot  could  be  suspended.  The  sick  men 
might  be  carried  in  their  cots  on  board,  and  again  removed.  If  the  rods  are 
made  about  14  inches  high,  and  bent  in  at  the  top  so  as  to  form  a  hook,  a  cot 
is  hung  easily,  and  will  swing.  There  is  space  enough  below  to  put  a  close- 
stool  or  pan  under  the  man  without  stirring  him,  if  a  flap  is  left  open  in  the 
canvas,  and  a  hole  left  in  the  thin  mattress. 

Fixed  berths  are  not  so  good,  but  some  must  be  provided.  Some  cots  can 
swing  from  the  top,  and  some  men  can  be  in  hammocka.  Probably  every  sick 
transport  shoidd  have  all  these,  viz.,  iron  bedsteads  at  some  points  fastened  ta 

2x 
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the  deck,  iron  standards  for  swinging  cots,  cots  swinging  from  the  roof,  low 
berths,  and  hammocka 

In  these  sick  transports  the  kits  and  clothes  must  be  stowed  away  ;  and  as 
they  are  often  very  dirty  and  offensive,  and  sometimes  carry  the  poison  of 
typhus  and  other  diseases,  the  place  where  they  are  put  should  be  con«taiit1y 
fumigated  with  nitrous  and  sulphurous  acid  alternately.  Bobert  Jackson 
mentions  that  dirty  clothes  and  bedding  may  be  soon  washed  sweet  by  mix- 
ing oatmeal  with  salt  water. 

Directly  a  sick  transport  has  landed  the  sick,  the  whole  plaoe  should  be 
thoroughly  washed  and  scraped,  then  the  walls  and  ceiling  should  be  lime- 
washed,  and  the  between-decks  constantly  fumigated  till  the  very  momeiit 
when  fresh  sick  embark. 

SECTION  III 
HOSPITAL  SHIPS. 

These  are  ships  intended  for  the  reception  and  treatment  of  the  sick, — ^float- 
ing hospitals,  in  short  Whenever  operations  are  undertaken  along  a  seaboaid, 
and  especially  when  a  force  is  moving,  and  places  for  fixed  hospitals  cannoft 
be  assigned,  they  are  indispensable.  They  at  once  relieve  the  army  from  a 
very  heavy  encumbrance,  and,  by  the  prompt  attendance  which  can  be  givra 
to  the  sick,  save  many  lives.  They  eliould  always  be  organised  at  the  coaa- 
mencement  of  a  campaign.  In  the  late  Abyssinian  war  three  hospital  s^ps 
were  used.  Their  fitting  out  was  carefully  superintended  by  Deputy-Inspector- 
General  Dr  Massy,  and  appears  to  have  answered  admirably.  A  full  account  of 
one  of  these  ships  ("  Queen  of  the  South  ")  was  given  by  the  late  Staff-Suigeon 
Charteris,  to  which  reference  may  be  made.  The  ventilation,  as  shown  by 
the  amount  of  carbonic  acid  (708  per  1000  volumes)  was  very  good.*  The 
superficial  space  between  decks  per  man  was  on  the  night  of  the  experiment 
154  feet,  and  the  cubic  space  no  less  than  1076.  During  the  Ashanti  war 
(1873-4)  the  line  of  battle  ship  "  Victor  Emanuel  *'  was  used  as  an  hospital 
ship,  and  was  most  successful  A  very  full  and  detailed  account  of  it  is  given 
by  Su]^;eon-Major  T.  IdL  Bleckley,  C.R,  in  medical  charge  (see  Army  Medical 
!E^ports,  vol  XV.  p.  260.)  The  floor  space  per  head  was  generally  about  50 
square  feet,  and  the  cubic  space  about  480,  although  it  was  originally  intended 
to  be  less. 

However  convenient,  and  indeed  necessary,  they  are,  it  must  be  deaily 
understood  that  they  are  not  equal  to  an  hospital  on  shora  It  is  impossibk 
to  ventilate  and  clean  them  thoroughly.  The  space  is  small  between  deck& 
The  wood  gets  impregnated  with  effluvia,  and  even  sometimes  the  bilge  » 
contaminated.  I  have  been  informed  by  Dr  Becher,  late  pathologist  in 
China,  that  even  in  the  very  best  o£  the  hospitals  used  there,  it  was  quite 
clear  that  in  every  wound  there  was  evidence  of  a  slight  gangrenous  tendency. 
In  fact,  it  is  perhaps  impossible  to  prevent  this,  except  by  the  moat  vigoxous 
antiseptic  treatment 

The  principle  of  separation  should  be  carried  out  in  these  ships — one  ship 
for  wounded  men,  another  for  fevers,  a  third  for  mixed  cases ;  or  if  this 
cannot  be  done,  separate  decks  shduld  be  assigned  for  wounded  men  and  fever 
cases.  In  fine  weather  the  sick  should  be  treated  on  deck  under  awnings. 
The  between-decks  must  be  thoroughly  ventilated,  and  all  measures  d 
fumigation,  frequent  lime  washing,  &c^  must  be  constantly  employed. 
Charcoal,  eJso,  in  substance  should  be  largely  used,  and  is,  in  &ct^  quite 

■ • — ^ "-■ ~    ■    -  ■      ■       ■-  ■  -  -■ . 

*  1  havQ  to  thank  Dr  Woodward  for  allowing  irie  to  read  his  excellent  Rei>ort  on  the  Hospital 
■hip  "  MauritiuBf "  which  was  also  employed  in  Abyssinia. 
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indispensable.  Warming  by  stoves  must  be  used  in  damp  and  cold  weather, 
and,  if  so,  advantage  should  be  taken  of  this  souice  of  heat,  and  of  all  lights, 
to  improve  ventilation. 

Ships  of  one  deck  are  better  than  two ;  but  as  they  will  hold  a  very  small 
number  of  sick,  two  decks  are  commonly  used  But  not  more  than  two 
decks  should  be  used  ;  and  if  theie  be  a  third  or  orlop  deck,  it  should  be 
kept  for  store&  Sometimes,  if  there  are  two  decks,  the  upper  deck  is  used 
for  officers  and  the  lower  for  troopa,  but  the  reverse  arrangement  should  be 
adopted 

The  ventilation  of  the  between-decks,  in  addition  to  Edmond's  plan,  should 
be  carried  on  by  tubes,  which,  if  the  central  shaft  is  acting,  will  be  all  inlets^ 
and  can  be  so  arranged  as  to  cause  good  distribution  of  the  air. 

The  fittings  of  an  hospital  ship  ^ould  be  as  few  and  simple  as  possible, 
and  invariably  of  iron.  Tables  should  be  small,  and  on  thin  iron  legs. 
Swinging  cots  (as  noticed  in  the  foianer  section)  are  indispensable  for  wounded 
men,  and  the  appliances  for  the  receiving  and  removing  the  excreta  of 
dysenteric  and  febrile  patients  tdmbA,  be  carefully  att^xded  to.  Berths  should 
not  be  of  wood,  but  of  iron  baxs,  which  are  much  more  easily  laid  bare  ^d 
cleaned 

The  supply  of  distilled  drinking  water  should  be  as  large  as  possible,  and 
a  good  distilling  apparatus  should  be  on  board,  whether  the  vessel  be  a 
steamer  or  not 

The  laundry  anangemente  are  most  important,  and  I  believe  it  would  be  a 
good  plan,  on  a  large  expedition,  to  have  a  small  ship  converted  entirely  into 
a  laundry.  It  would  not  only  wash  for  the  sick,  but  for  the  healthy  men 
also.  So  also  a  separate  ship  for  a  bakery  is  an  important  point,  so  aa  to 
have  no  baking  on  board  the  hospital  ship. 

On  board  the  hospital  ship  ^ere  should  be  constant  fumigation;  limo- 
washing,  whenever  any  part  of  the  hospital  can  be  cleaned  for  a  day  or  two, 
and,  in  fact,  every  other  precaution  taken  which  can  be  thought  of  to  make 
the  floating  hospital  equally  clean,  dry,  well  a^ted  aud  pure,  as  an  hospital 
on  shore. 

On  board  hospital  ships  it  is  often  easy  to  arrange  for  sea-bsthing  and 
douching  ;  it  should  never  be  forgotten  what  important  curative  means  these 
ara 

In  case  pysemia  and  erysipelas,  or  hospital  gangrene  oecur,  the  cases  must 
be  treated  on  deck,  no  matter  how  bad  the  weather  may  ba  Good  awnings 
to  protect  from  wind  and  rain  can  be  put  up. 

If  cows  or  goats  are  kept  on  board  to  supply  milk,  their  stalls  must  be  kept 
thoroughly  clatned     But  generally  it  is  better  to  obtain  milk  from  the  shore. 


CHAPTER   VL 
WAR. 

The  trade  of  the  soldier  is  war.  For  war  he  is  selected,  maintained,  and 
taught  As  a  force  at  the  command  of  a  government,  the  army  is  also  an 
agent  for  maintaining  public  order ;  but  this  is  a  minor  object^  and  only 
occasionally  called  for,  when  the  civil  power  is  incompetent 

In  theory,  an  army  should  be  so  trained  for  war  as  to  be  ready  to  take  the 
field  at  literally  a  moment's  notice.  The  Yarious  parts  composing  it  should 
be  so  organised  that,  almost  as  quickly  as  the  telegram  flies,  they  can  be 
brought  together  at  any  point,  prompt  to  commence  those  combined  actions 
by  which  a  body  of  men  are  moved,  fed,  clothed,  kept  supplied  with  mani- 
tions  of  war,  maintained  in  health,  or  cured  if  sick,  and  ready  to  undertake 
all  the  engineering,  mechanical,  and  strategical  and  tEUitical  movements  which 
constitute  the  art  of  war. 

That  an  organisation  so  perfect  shall  be  carried  out,  it  is  necessary  that  all 
its  parts  shall  be  equally  efficient ;  if  one  fails,  the  whole  machine  br^ks 
down.  The  strength  of  a  chain  is  the  strength  of  its  weakest  link,  and  tiiis 
may  be  said  with  equal  truth  of  an  army.  Commissariat,  transport^  medical, 
and  engineering  appliances  are  as  essential  as  the  arts  of  tactics  and  strategy. 
It  is  a  narrow  and  a  dangerous  view  which  sees  in  war  merely  the  movemente 
of  the  soldier,  without  recognising  the  less  seen  agencies  which  insure  that 
the  soldier  shall  be  armed,  fed,  clothed,  healthy,  and  vigorous. 

During  peace  the  soldier  is  trained  for  war.  What  is  meant  by  training 
for  war  1  Not  merely  that  the  soldier  shall  be  taught  to  use  his  weapons 
with  effect,  and  to  act  his  part  in  that  machine,  where  something  of  mechanical 
accuracy  is  imprinted  on  human  beings,  but  that  he  shall  also  know  how  to 
meet  and  individually  cope  with  the  various  conditions  of  war,  which  differ 
so  much  from  those  of  peac& 

It  is  in  the  nature  of  war  to  reinduce  a  sort  of  barbarism.  The  arts  and 
appliances  of  peace,  which  tend,  almost  without  our  care,  to  shelter,  and 
clothe,  and  feed  us,  disappear.  The  man  reverts  in  part  to  his  pristine  con- 
dition, and  often  must  minister  as  he  best  may  to  his  own  wants.  No  doubt 
the  State  will  aid  him  in  this ;  but  it  is  impossible  to  do  so  as  completely  as 
in  peac&  Often,  indeed,  an  army  in  war  has  maintained  itself  in  complete 
independence  of  its  base  of  supplies,  and  in  almost  every  campaign  there  is 
more  or  less  of  this  independence  of  action 

In  peace,  the  soldier,  as  far  as  clothing,  feeding,  shelter,  and  cleanliness  are 
concerned,  ia  almost  reduced  to  the  condition  of  a  passive  agent  Everythii^ 
is  done  for  him,  and  all  the  appliances  of  science  are  brought  into  play  to  save 
labour  and  to  lessen  cost  j^  this  the  proper  plan?  Looking  to  the  condi- 
tions of  war,  ought  not  a  soldier  to  be  considered  in  the  light  of  an  emigrant 
who  may  suddenly  be  called  upon  to  quit  the  appliances  of  civilised  life,  and 
who  must  depend  on  himself  and  his  own  powers  for  the  means  of  comfort, 
and  even  subsistence  f 

There  is  a  general  impression  that  the  English  soldier,  when  placed  in 
unaccustomed  circumstances,  can  do  nothing  for  himself  and  is  helplesa     If 
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SO,  it  IB  not  the  fault  of  the  man,  but  of  the  system,  which  reduces  him  to 
such  a  state.  That  it  is  not  the  fault  of  the  man  is  shown  by  the  fact  that, 
however  helpless  the  English  soldier  may  appear  to  be  in  the  first  campaign, 
he  subsequently  becomes  as  clever  in  providing  for  himself  as  any  man.  The 
Crimean  war  did  not  perhaps  last  long  enough  to  show  this,  but  the  Peninsular 
war  proved  it.  The  soldier  there  learned  to  cook,  to  house  himself,  to  shelter 
himself  from  the  weather  when  he  had  no  house,  to  keep  himself  clean,  and 
to  mend  and  make  his  clothes.  Was  it  not  the  power  of  doing  these  things, 
as  well  as  the  mere  knowledge  of  movements  and  arms,  which  made  Uie 
Duke  of  Wellington  say  that  his  arpiy  could  go  anywhere  and  do  anything) 
And  the  wars  at  the  Cape  and  in  New  Zealand  have  shown  that  the  present 
race  of  soldiers,  when  removed  from  the  appliances  of  civilised  life,  have  not 
lost  this  power  of  adaptation. 

The  English  soldier  is  not  helpless ;  he  is  simply  untrained  in  these  things, 
and  so  long  as  he  is  imtrained,  however  perfect  he  may  be  in  drill  and 
manoeuvre,  he  is  not  fit  for  war.  The  campaign  itself  should  not  be  his 
tutor;  it  must  be  in  the  mimic  campaigns  of  peace,  in  which  the  stem 
realities  of  war  are  imitated,  that  the  soldier  must  be  trained.  Our  present 
field-days  represent  the  very  acme  and  culminating  point  of  war, — the  few. 
bright  moments  when  the  long  marches  and  the  wearisome  guards  are  rewarded 
by  the  wild  excitement  of  battle ;  but  the  more  common  conditions  of  the 
campaign  ought  also  to  find  their  parallel  Since  the  Crimean  war,  much 
has  been  done  to  instruct  the  soldier  in  the  minor  arts  of  war.  The  establish- 
ment of  camps  has  to  some  extent  familiarised  him  with  tent  life ;  the  flying 
columns  which  go  out  from  Aldershot  show  him  something  of  the  life  of  the 
bivouac,  and  the  training  in  cooking  which  Lord  Herbert  ordered  is  teaching 
him  how  to  prepare  his  food.  The  Autumn  Manoeuvres  have  extended  this 
system,  and  are  now  malriTig  TiJTn  familiar  with  the  chief  conditions  of  the  life 
in  campaigns. 

A  campaign  can  never  be  successful  unless  the  men  are  healthy.  How  are 
men  to  be  trained  so  as  to  start  in  a  campaign  in  a  healthy  concQtion,  and  to 
be  able  to  bear  the  manifold  trials  of  war  ?  The  answer  may  be  given  under 
three  heads — 

1.  Preparation  for  war  during  peace. 

2.  Entry  on  war. 

3.  Actual  service  in  war. 

SECTION  I 

PEEPAKATION  FOB  WAR  DURING  PEACE. 

The  vaiious  conditions  of  war,  which  are  different  from  those  of  peace, 
are — 

1.  Exposure  to  the  WeaJther. — It  is  a  constant  observation  that  men  who 
have  led  out-door  lives  are  far  more  healthy  in  war  than  men  whose  occupa- 
tions have  kept  them  in  houses.  The  soldier's  Hfe  should  be,  therefore,  an 
out-door  one.  This  can  only  be  done  properly  by  keeping  him  in  tents  during 
the  simmier.  It  would  be  well,  in  fact,  to  tent  the  whole  army  from  the 
middle  of  May  to  the  end  of  September  every  year.  The  expense  should  be 
looked  on  as  a  necessary  part  of  the  military  establishments.  Wooden  huts 
are  too  like  ordinary  barracks.  As  the  soldier  has  often  to  sleep  out  in  war, 
he  should  be  accustomed  to  this  also  in  peace — ^warm  summer  nights  being 
first  selected  to  train  him.  It  will  soon  be  found  that  he  will  very  soon 
acquire  the  power  of  resistance  to  cold*     This  plan  will  also  test  the  utility  of 
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his  clothes.*  It  has  heen  found  by  experiment  that,  bj  caiefol  tndniiig, 
even  delicate  persons  can  bear  sleeping  out  at  nighty  even  in  toleiablj  cold 
weather,  -without  injury,  provided  there  be  no  rain.  At  the  ktt^  end  of  the 
summer,  it  would  be  well  to  expose  the  men  even  to  rainy  nights,  their  clothes 
being  adapted  for  this,  by  the  supply  of  waterproofs  -,  and  in  the  very  naefiil 
Autumn  ManceuTres  this  plan  might  be  tried  with  advantage. 

At  the  same  time,  it  is  important  to  have  the  men  raised  ofif  the  ground, 
both  when  in  tent  and  lying  in  the  open  air,  in  all  countries  where  the  grcnmd 
may  be  moist,  or  cools  rapidly  during  the  night  A  veiy  useful  field 
hammock  has  been  invented  by  Captain  M'Quire ;  it  consists  of  a  strong 
woollen  material,  which  is  suspended  on  two  sticks  by  means  of  guide-ropes. 
It  makes  a  comfortable  bed,  and  keeps  the  body  very  warm. 

It  may  be  thought  that  training  of  this  kind  is  needless,  and  that  it  may 
be  left  to  the  campaign  to  accustom  the  men  to  exposure,  but  this  is  not  the 
case ;  a  number  of  men  are  rendered  inefficient  at  the  commencement  of  a 
campaign  simply  by  the  unaccustomed  exposure. 

2.  Tent  and  Camp  ZAfe.f — The  pitching,  striking,  and  cleansing  of  tents 
(see  page  558) ;  the  digging  trenches  round  the  tents,  and  providing  f« 
general  surface  drainage ;  the  arrangement  of  the  interior  of  the  tent,  &c, 
should  all  be  carefully  taught  So  sSao  the  camp  life  of  the  campaign  should 
be  closely  imitated^  and  the  rules  of  conservancy  most  strictly  carried  out  as 
a  means  simply  of  teaching  what  will  be  of  such  importance  in  war.{ 

3.  Cooking  of  Food. — No  doubt,  in  future  wars,  all  governments  will 
endeavour  to  supply  prepared  and  cooked  food  (see  page  271),  so  as  to  lessen 
the  cost  of  transport  and  the  labour  of  the  soldier.  But  as  this  cannot  always 
be  depended  upon,  the  soldier  must  be  trained  to  cook  his  ordinary  raUona. 
This  should  not  be  done  for  him ;  he  ought  to  do  it  himself  merely  with  the 
appliances  he  would  have  in  war,  viz.,  his  camp-kettle,  canteen,  and  tin 
plata 

At  the  commencement  of  a  campaign  many  men  lose  fiesh  and  strength,  or 
suffer  from  diarrhoea,  from  the  food  being  badly  cooked  and  indigestdbla 

In  the  Peninsular  war  the  men  became  admirable  cooks.  At  first  very 
laige  camp-kettles,  intended  for  half  a  company,  were  used,  and  were  canned 
on  horsea  They  did  not  answer,  and  the  men  left  them  behind.  After- 
wards smaller  camp-kettles  were  supplied,  one  for  each  mess  of  six  or  eight 
Luscombe  mentions  that  the  supply  of  salt  was  found  to  be  a  very  important 
point ;  he  says,  he  had  no  idea  of  the  value  of  this  condiment  till  he  saw  the 
way  in  which  the  men  saved  every  little  particle ;  without  it,  in  fact,  animal 
and  even  vegetable  food  is  unsavoury. 

In  the  French  army  on  service  8  or  10  men  form  a  corporal's  detachment,  or 
"eecouade."  They  have  between  them  one  kettle  and  cover  {marmiie, 
weight  1-7  kilog.),  one  large  bowl  (grande  gamelUy  weight  1  kilog.)^  and  one 
large  drinking  vessel  {grand  Udon^  weight  1-5  kUog.)  Each  man  has  for  his 
personal  use  a  small  bowl  {petite  gamelle),  and  a  small  drinking  vessel  {p^it 
bidon).  They  are  all  of  tinned  iron.  All  these  vessels  ate  carried  by  the 
men,  the  larger  vessels  being  taken  in  turn  by  the  men  of  the  mess, 

*  In  rtference  to  what  was  said  (p.  577)  of  the  great  importance  of  a  hood  to  the  greatooat 
for  men  who  sleep  out  at  night,  an  old  observation  of  Donald  Monro  is  of  interest  Ue  states 
that  in  1760  the  greater  health  eigoyed  by  the  Austrian  Hnssars  over  the  other  troops  was  owing 
to  the  half-boots,  and  the  large  cloaks  with  hoods  carried  by  these  men. — On  the  Ji  easts  ofPr^ 
terving  the  Health  of  the  Army  (2d  edit.  1780,  p.  7). 

f  I  may  refer  here  for  fnller  details  to  some  excellent  treatises  on  Gamps  published  zd 
Germany  and  Russia,  especially  by  Dr  Both  (Das  Zeltliuref  anf  der  LocksUidier  fieide  in 
Holstein,  1866).  and  by  Dr  Heyfelder  (Das  Lager  auf  der  Krasnoe-Selo,  1868.) 

it  Reference  has  already  been  made  to  the  very  useful  Holdief  s  Pocket  Book,  by  Sir  Garnet 
Wolseley,  which  gives  foU  details  on  all  these  pmnts. 
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It  may  be  concluded  with  regard  to  this  very  important  matter  of  cooking 
ntensils,  that  a  man  should  have  a  small  but  very  strong  canteen,  made  of 
unsoldered  tin,  and  with  a  good  deep  lid,  with  a  handle  which  may  serre  as 
a  frying-pan  or  second  vessel,  as  weU  as  a  cover.  The  shape  of  the  canteen 
should  be  long  and  flat,  and  not  de^)er  than  is  necessary  for  cooking,  so 
that  it  may  be  easily  carried.  Then  idl  the  other  vessels,  the  camp-kettles 
for  each  mess,  and  the  large  water  vessels,  should  be  carried  for  tiie  men. 
They  should  be  made  of  thin  steel,  which  is  very  light  for  its  strength,  very 
durable,  and  is  not  acted  on  by  the  food 

The  different  kinds  of  camp  cooking  to  be  taught  are  stewing,  boiling,  and 
making  soup,  making  tea  and  coffee,  cooking  preserved  vegetables,  making 
cakes  of  flour,  and  oatmeal  porridge. 

Beference  has  already  been  made  to  the  great  importance  of  not  keeping 
men  too  long  without  food.  By  a  little  arrangement  men  can  always  carry 
food,  and  the  proper  organisation  of  supplies  and  regimental  transport  would 
always  enable  a  commandingofficer  to  have  some  food  for  his  men.  In 
almost  all  marches,  with  large  bodies  of  men,  and  in  many  actions,  there  are 
long  periods  of  inaction  during  which  men  could  eat  food  which  had  been 
alr^y  cooked.  The  effect  of  this  upon  their  strength,  endurance,  and  even 
courage,  is  remariicabla  Some  instances  have  been  related  to  me  by  officers 
in  which  failures  resulted  entirely  from  the  exhaustion  of  the  men  produced 
by  want  of  food  Surely  it  is  useless  to  supply  ammunition  for  guns  if  the 
men  who  are  to  work  have  no  supply  of  force  issued  also  to  them. 

4.  Water  Supply. — As  impure  water  is  a  great  cause  of  sickness  in  war,  the 
soldier  should  be  taught  how  to  recognise  impurity,  and  how  to  use  the  simple 
methods  of  purification  with  charcoal,  alum,  tea,  boiling,  &c.  (See  chapter 
on  Water.) 

5.  Mending  ClotJies, — ^Every  soldier  carries  a  hold-all^  but  many  cannot 
use  it  properly.  It  may  be  suggested  whether,  in  the  workshops  which  are 
now  being  established,  it  would  not  be  well  to  let  every  recruit  have  a 
month's  practice  in  repairing  clothes,  and  especially  boots ;  simple  plana  of 
repair  being  selected  if  it  be  possible. 

6.  CleanlinesA — In  war  a  source  of  disease  is  the  want  of  cleanlines& 
Very  soon  the  person  and  clothes  get  covered  with  lice ;  all  the  garments, 
outer  as  well  as  under,  get  impregnated  with  sweat,  and  become  very  filthy. 
The  best  generals  have  always  been  very  careful  on  this  pointy  and  have  had 
frequent  washing  paradea  As  washing  clothes  is  reaUy  an  art,  the  soldier 
should  be  taught  to  do  it,  not  by  machinery,  but  in  the  rude  fashion  he  must 
practise  during  war.     Clothes  can  be  partially  cleaned  by  drying  and  beating. 

The  hair  should  be  cut  short  In  the  absence  of  water  for  washing,  the 
best  plan  is  the  small-tooth  comb,  to  keep  the  hair  free  from  vermin,  and  it 
may  be  a  question  whether  one  should  not  be  supplied  to  every  soldier. 

Washing  the  whole  body  in  cold  water,  whenever  it  can  be  done,  is  not 
only  bracing  and  invigorating,  but  strengthens  it  against  vicissitudes  of 
weather,  and  against  dysentery.* 

SECTION  IL 

ENTRY   ON   WAR. 

When  actual  war  commences  some  further  steps  become  necessaiy. 

All  experience  shows  that  men  under  twenty  or  tweny-one  years  of  age 

•  Both  Donald  Monro  and  land  notice  this. 


696  WAR, 

cannot  bear  the  fatigues  of  war.*  If  possible,  then,  all  men  below  twentj- 
one,  or  at  any  rate  below  twenty,  should  be  held  back  from  the  campaign,  and 
formed  into  dep6ts,  whence  they  may  be  draughted  for  active  service  on  occa- 
sion. Of  course  every  means  should  be  taken  during  their  s^vice  at  the 
depdts  to  strengthen  and  harden  them. 

All  weakly  men  should  also  be  held  back,  and  every  man  thus  retained 
should  come  under  the  surgeon's  superintendence,  not  in  hospital,  bat  while 
doing  his  duty. 

The  men  who  are  about  to  enter  on  the  campaign  should  at  once  commence 
a  more  severe  training.  If  there  be  time  to  do  it^  this  should  be  carried  to 
an  extent  even  greater  than  will  be  demanded  in  war,  in  the  manner  of  the 
Bomans,  who  trained  their  soldiers  so  severely  in  peace  that  war  was  a  reliet 
Footsoreness  is  very  common  at  the  commencement  of  a  campaign,  and  often 
gives  great  trouble  (see  page  601). 

Certain  changes  in  the  food  of  the  men  should  be  made. 

The  exertions  of  war,  bodily  and  mental,  are  often  very  greai^  and  demand 
an  increased  quantity  of  food,  especially  in  the  nitrogenous  and  fatty  elements ; 
an  increased  amount  of  meat  and  bread,  with  the  addition  of  fat  baicon,  cheese, 
and  peas  or  beans,  should  be  given,  so  as  to  bring  the  daily  amount  of  nitrogen 
to  375  to  400  grains,  and  of  carbon  to  5000  grains  daily  (see  page  562). 
During  the  war  every  effort  should  be  made  to  get  bread  and  flour  supplied  in 
lieu  of  biscuit,  and  to  supply  red  wine  (page  307).  As  one  of  the  perils  of 
war  is  the  occurrence  of  scurvy,  the  supply  of  fresh  vegetables  should  be  in- 
creased ;  if  these  at  all  fail  during  the  campaign,  the  preserved  vegetables 
must  be  issued,  and  the  other  precautions  taken  (see  page  496).  Considering 
the  benefit  apparently  derived  in  Captain  Cook's  voyages  from  wort  made 
from  malt,  it  might  be  worth  while  to  try  the  effect  of  introducing  this  as  a 
beverage  ;  it  can  be  readily  made. 

Donald  Monro  mentions  that  at  Bremen,  in  1762,  when  no  vegetables 
could  be  got,  and  fresh  meat  was  dear,  and  scurvy  broke  out,  infusion  of 
horse-radish  was  found  to  be  usefuL     Spruce  beer  was  also  used. 

SECTION  m 

ACTUAL   WAR.t 

Experience  has  showed  in  hundreds  of  campaigns  that  there  is  a  large 
amount  of  sickness.  The  almost  universality  of  this  proves  that,  with  every 
care,  the  conditions  of  war  are  unfavourable  to  health.  The  strenuous  exer- 
tions, the  broken  rest,  the  exposure  to  cold  and  wet,  the  scanty,  ill-cooked,  or 
unwholesome  food,  the  bad  water,  and  the  foul  aiid  overcrowded  camps  and 
tents,  account  for  the  amount  of  diseasa 

*  The  examples  are  numerous,  but  the  following  are  often  quoted.  In  1805  the  French  army 
broke  up  at  Boulogne,  and  marched  400  leagues  (French)  to  fight  at  AusterUta ;  the  youngest 
soldier  was  twenty-two  years  old  ;  they  left  scarcely  any  sick  or  wounded  en,  rotUe.  In  1909 
the  French  marched  from  the  German  provinces  to  Vienna ;  not  half  the  army  were  aged  twenty 
years ;  the  hospitals  were  filled  with  sick.  In  1813  and  1814  the  despatches  of  Napoleon  an 
tilled  with  complaints  of  the  "  boys"  who  were  sent  him,  and  who  died  in  multitudea  by  the 
road  side  and  in  the  hospitals. 

f  Sanitary  Rides  of  the  HxnnanB  during  War. 
Vegetius  (De  Re  Militari,  Ub.  iii.  cap.  2)  says  the  Romans  took  irreat  care  that  the  men 
should  be  well  supplied  with  good  water,  good  provisions,  firewood,  sufficient  quantity  of  wine, 
vinegar,  and  salt.    They  endeavoured  to  keep  their  armies  in  good  health  by  due  attention — 

1.  To  Situation  ;  avoiding  marshes  and  di^  uncovered  ground  in  summer ;  in  having  teats, 
frequently  changing  camps  in  summer  and  autumn. 

2.  To  the  Water ;  for  bad  water  was  considered  to  be  very  productive  of  diseases. 

8.  To  the  Seasons ;  not  exposing  men  to  heat.  In  winter,  taking  particular  care  that  the 
men  never  were  in  want  of  finwood  or  of  clothing. 
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The  amount  of  illness  raries  with  the  nature  of  the  campaign  and  the  genius 
of  the  commander. 

If  the  records  can  be  trusted,  it  would  seem  that  the  English  liave  been 
more  unhealthy  than  the  French  in  their  wars,  but  there  is  no  great  trust  to 
be  placed  in  war  statistica  In  the  Peninsula  the  mean  daily  number  of  sick 
was  never  below  12  per  cent,  except  for  a  short  time,  in  the  lines  of  Torres 
Yedras,  when  it  feU  to  9  or  10.  Sometimes  it  amounted  to  15,  20,  or  25  per 
cent  In  the  Crimea  the  immense  sickness  of  the  first  winter  is  but  too  well 
remembered. 

Army  Medical  Regutaiums. 

Before  an  army  takes  the  field,  the  Director-General  may  appoint  a  medical 
officer  to  act  as  Field-Inspector  under  the  principal  medical  officer,  but  not  to 
act  as  sanitary  officer.  The  Director-Greneral  prepares  Usts  of  all  medicines, 
stores,  &C.     The  amount  of  transport  and  of  stores  is  laid  down. 

Before  an  army  takes  the  field  the  Director-General,  on  requirement  by  the 
War  Office,  gives  an  account  of  everything  in  the  proposed  scene  of  operations 
which  may  affect  the  health  of  the  men.  He  appoints  a  sanitary  officer  to  be 
attached  to  the  Quartermaster-Generars  department  He  issues  instructions 
to  the  principal  medical  officer  and  sanitary  officer  on  all  matters  connected 
with  rations,  clothing,  shelter,  precautions  for  preventing  disease,  &c. 

The  sanitary  officer  inspects  all  proposed  encamping  ground,  quarters,  &c., 
and  supervises  the  sanitary  arrangements  of  all  camps,  towns,  hospitals,  &c 
The  principal  medical  officer  advises  the  Commander  of  the  Forces  on  all 
matters  affecting  health,  such  as  rations,  shelter,  clothing,  &c,  and  may,  with 
the  sanction  of  the  Commander  of  the  Forces,  issue  instructions  on  such 
matters  to  the  medical  officers 

The  sanitary  officer  inspects  the  camp  daily ;  accompanies  the  Quartermaster- 
General  on  the  march,  and  gives  his  advice  on  all  sanitary  points.  He  is  sup- 
plied with  information  to  aid  him  in  his  work  from  all  principal  medical 
officers  of  general  hospitals,  divisions,  and  brigades  in  the  field.  He  transmits 
a  weekly  sanitary  report  to  the  principal  medical  officer. 

Causes  of  Sickness  and  Mortality  in  War. 

The  chief  causes  of  sickness  suad  mortality  in  the  English  army  have  been 
in  order  of  fatality — 

1.  Diseases  arising  from  improper  and  insufficient  food,  viz*,  general 
feebleness  and  increased  liability  to  malarious  fevers,  dysentery,  diarrhoea, 
dbc.,  and  production  of  scurvy  and  scorbutic  dysentery. 

2.  Malarious  disease  from  unhealthy  sites. 

3.  Catarrhs,  bronchitis,  pleurisy,  pneumonia,  rheumatism,  dysentery  (?), 
produced  by  inclemencies  of  weather. 

4.  To  Food  and  Medicine ;  the  officers  saw  that  the  men  had  their  regolar  meals,  and  were 
well  looked  after  by  the  commissariat. 

&  To  Exercise ;  by  keeping  the  troops  daring  the  day-time  in  constant  exercise ;  in  dry 
weather  in  the  open  air ;  in  time  of  rain  or  snow  under  cover ;  for  exercise  was  believed  to  do 
a  g][Bftt  deal  more  for  the  preservation  of  health  than  the  art  of  physic. 

The  Prsefectus-Castroram  (Qaartermaster-Generiil)i  an  officer  of  high  rank  in  the  Roman 
army,  looked  after  the  sick,  and  provided  everything  required  by  the  surgeons.  Both  Livy  and 
Tacitus  mention  that  the  commanding  officers  useof  to  visit  the  sick  and  wounded  soldiers,  to 
inquire  if  they  were  well  taken  care  of.  The  ffreat  health  of  the  Roman  soldiers  was  evidently 
owing  to  their  great  temperance ;  their  excellent  warm  tents  made  of  hides ;  their  carefully 
kept  camps  ;  the  worm  war  dress  or  sagum,  and  their  constant  exercise. 

Jiulea  o/Oie  Macedonians. — The  only  notice,  I  believe,  of  the  means  by  which  Alexander  the 
Great  preserved  so  wonderfully  the  health  of  his  small  array,  is  a  statement  that  he  frequently 
changra  his  encamping ^unds  (Quintns  Curtios,  lib.  v.  82).  This  great  soldier  must  certainly 
have  oeen  acquainted  with  the  art  of  Hygiene.  ^ 
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4.  Spotted  lyphHSy  kept  up  and  spiead  (if  not  produced)  by  overcrowding 
and  uncleanlinesa 

5.  Ck>ntagiou8  dysentery,  arising  from  foul  camps  and  latrines. 

6.  Typhoid  and  perhaps  other  fevers,  produced  by  foul  campa 

7.  Ebchaustion  and  debility,  produced  by  ezcesaiye  fatigue — a  veiy  great 
predisposing  cause  of  almost  ail  other  diseaaesi 

8.  Cholera,  in  India  especially,  and  in  Turkey. 

9.  Yellow  fever  in  the  West  Indian  campaign& 

10.  Plague  in  Egypt 

1 1.  The  exanthemata  occasionally. 

12.  Ophthalmia. 

13.  Venereal  diseasea 

Of  these  diseases  the  most  fatal  have  been  scorbutic  d3r8ent0iy  and  typhiu. 
It  is  indeed  curious  to  see  how  invariably  in  all  wars  the  scopbiitis  taint 
occurs,  and  frequently  in  how  early  a  period  of  the  campaign  it  can  be 
detected.  There  almost  seems  to  be  something  in  the  fatigues  and  anxietiea 
of  war  which  assists  its  development  It  frequently  complicates  every  other 
disease,  impresses  on  them  a  peculiar  character,  and  renders  them  very 
intractable  to  treatment  This  is  the  case  with  dysentery,  typhoid  fever, 
malarious  fever,  and  spotted  typhus.  With  the  last  disease,  especially,  it  has 
intimate  relations,  and  contributes  apparently  to  its  propagation  by  rendering 
the  frame  more  easily  attacked  by  the  specific  poison 

One  of  the  most  important  preventive  measures  to  be  adopted  in  war  is  the 
prophylactic^  treatment  of  scurvy.  But  with  a  full  knowledge  of  this,  the 
disease  cannot  always  be  avoided  The  Federal  Americans  w^e  fully  aware 
of  the  necessity  of  combating  it^  and  made  immense  efforts  to  do  sa  They 
did  not  succeed,  and  so  marked  and  so  general  was  the  scorbutic  taint  in  tiieir 
army,  that  its  combinations  with  tjrphoid  fever  and  malaria  have  been  looked 
upon  as  new  diseases. 

If  scurvy  could  be  prevented,  every  other  war  disease  would  be  oompaia^ 
tively  •.trifling.  Inflammations  from  exposure,  exhaustion  from  fatigue,  and 
gastro-intestinal  affections  from  improper  food  and  atmospheric  viciseitiidea^ 
would  still  occur;  but  the  ravages  of  typhus,  typhoid  fever,  malaria,  and 
dysentery,  would  be  trifling  and  easily  prevented. 

To  prevent  scurvy,  then,  is  one  of  the  most  important  measures. 

If  scurvy  be  absent,  typhus  fever  ia  readily  treated ;  isolation  and  the 
freest  [ventilation  are  certain  to  stop  it  The  only  great  danger  would  be  in 
a  besieged  and  crowded  fortress.  In  such  a  place  it  may  be  beyond  control, 
but  early  recognition  and  prompt  isolation,  as  far  as  it  can  be  done^  and  as 
free  ventilation  as  possible,  may  perhaps  stop  it  It  is  in  such  cases  that  we 
should  freely  use  the  nitrous  acid  fumes  and  other  disinfectant  vapouia 

Enteric  (typhoid)  fever  and  contagious  dysentery,  in  the  same  way,  ought 
with  certainty  to  be  prevented  in  a  camp.  The  first  case,  even,  shoidd  m^e 
us  take  urgent  measures  for  the  cleansing  of  latrines,  or,  better  still,  the 
closing  of  all  the  old  and  the  opening  of  f  re«h  one&  But  the  best  plan  of  all 
is  to  shift  the  encamping  ground,  and  we  should  remember  the  old  Roman 
maxim,  based  doubtless  on  observation  of  typhoid  fevers,  that  this  must  be 
done  more  often  in  the  autumn. 

The  exanthemata,  measles,  and  scarlet  fever,  sometimes  spread  largely 
through  an  army  ;  the  only  plan  is  to  separate  all  cases,  and  send  them  one 
day's  march  on  the  flank  of  the  army,  if  it  can  be  done,  not  in  the  direction 
of  the  line  of  supplies. 

Plague  probably  demands  the  same  measures  as  typhus. 

The  measures  for  cholera  have  been  already  sufficiently  noted 
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The  diseases  of  exposure  can  be  hardly  avoided,  but  may  be  lessened  by 
warm  clothes  and  waterproof  outer  coverings.  Flannel  should  be  used  next 
the  skin  all  over  the  trunk  and  extremities,  and  is  indispensabla  One  of  the 
most  important  means  to  enable  troops  to  stand  inclemencies  of  weather,  and 
indeed  all  fatigues,  is  hot  food  Coffee  and  tea  are  the  best,  and  hot  spirits 
and  water,  though  useful  as  an  occasional  measure,  are  much  inferior,  if  indeed 
they  do  any  good  at  all  apart  from  the  warmth.  But  the  supply  of  hot  food 
in  war  should  be  carefully  attended  to,  especially  in  the  case  of  breakfast, 
after  which  men  will  undergo  without  harm  great  exposure  and  fatigue. 

It  is  unnecessary  to  enter  at  greater  length  into  the  measures  to  prevent  the 
diseases  of  war,  for  the  proper  plans  have  been  all  enumerated  previously. 
We  may  conclude  only  that  much  can  be  done  to  prevent  disease,  but  we 
must  also  remember  that  the  course  of  campaigns  sometimes  is  too  violent  and 
overpowering  for  our  efforts,  and  that  wars,  like  levolutionsy  will  never  be 
made  with  rose  water. 

Becapitidation  oftTte  Ihtties  of  a  Sanitary  Officer  during  War. 

To  go  forward  with  the  officers  of  the  quartermaster's  department,  to  choose 
the  camping  ground  ;  arrange  i(x  surface  drainage  ;  if  necessarily  in  a 
malarious  place,  make  use  of  fdl  obstacles,  as  hills,  trees,  &c.,  to  throw  off  the 
malaria  from  the  tents  ;  place  the  tents  with  the  openings  from  the  malarious 
quarter.  If  possible,  never  take  low  hills  (100  to  250  feet)  above  marshy 
plaina  Arrange  for  the  water  supply,  and  for  the  service  of  the  men,  animals, 
and  washing.  As  soon  as  possible  fix  the  sites  for  the  latrines  ;  have  them 
dug  out,  and  make  dry  paths  to  them.  As  soon  as  the  tents  are  pitched, 
visit  the  whole  camp,  and  see  that  the  external  ventilation  is  not  blocked  in 
any  way,  and  that  the  tents  are  as  far  off  each  other  as  can  be  permitted 
Assign  their  work  to  the  scavengers,  and  mark  out  the  places  of  deposit  for 
refuse.  The  daily  inspection  should  include  all  these  points,  as  well  as  the 
inspection  of  the  food  and  cooking  and  of  the  slaughter-houses.  If  the  camp 
be  a  large  one,  a  certain  portion  should  be  selected  every  day  for  the  carefid 
inspection  of  the  individual  tents,  but  it  should  be  made  in  no  certain  order, 
that  the  men  may  not  prepare  specially  for  the  inspection. 

A  set  of  rules  should  be  drawn  up  for  the  men,  pointing  out  the  necessity 
of  ventilation,  cleanliness  of  their  persons,  tents,  and  ground  around  them, 
and  ordering  the  measures  which  are  to  be  adopted  This  will  have  to  be  pro- 
mulgated by  the  general  in  command 

In  the  daily  work,  a  certain  order  and  routine  should  be  followed,  so  that 
nothing  shall  be  overlooked 

The  sanitary  officer  of  a  large  camp  can  never  perform  his  duties  without 
the  most  unremitting  support  from  the  regiment^  medical  officers,  who  are 
the  sanitary  officers  of  their  regiments.  Not  only  must  they  inspect  their  own 
regimental  camps,  but  by  an  immediate  report  to  the  sanitary  officer  of  any 
disease  which  can  possibly  be  traced  to  some  camp  impurity,  they  should 
render  it  possible  for  the  commencing  evil,  of  whatever  kind,  to  be  detected 
and  checked. 

As  early  as  possible  every  morning  the  number  of  men  reported  sick  from 
each  regiment  should  be  made  known,  and  a  calculation  made  of  sick  to 
strength,  and  then,  if  any  regiment  showed  any  excess  of  sick,  the  sanitary 
state  of  its  camp  should  be  specially  and  thoroughly  investigated 

Hospitals  in  War,* 
With  an  army  in  the  field,  hospitals  are  of  several  kinds. 
*  Sir  James  M'Origor,  in  the  Peninsula,  established  divisional  hospitals  in  front,  and  con- 
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1.  The  principal  General  Hoepital  at  tHe  base  of  operations. 

2.  The  Intermediate  Hospitals,  divided  into — 

a.  The  Field  Hospitals  stationed  at  the  base  or  on  the  line  of  communi- 

cation. 

b.  The  Field  Hospitals  proper,  which  move  with  the  corps,  and  indnde 

the  dressing  stations  and  regimental  stations. 

The  old  Eegimental  Hospital  is  now  definitively  abolished,  bat  medical  and 
surgical  assistance  is  provided  by  a  medical  officer  with  one  or  two  attendants, 
accompanied  by  bearers,  with  stretchers  when  required,  as  in  action  in  the  field 
The  sick  are  treated  in  the  field  hospitals  first,  and  then  passed  on  to  the  in- 
termediate hospitals  in  rear,  which  are  again  evacuated,  as  occasion  requires, 
by  transfer  of  patients  to  the  principal  general  hospital  at  the  basei  Thjs  last 
wiU  be  in  a  convenient  station  on  the  frontier,  or,  in  case  of  an  insular  nation 
like  ourselves,  on  some  sea-coast  easily  accessible  It  is  from  it  that  men  will 
ultimately  be  invalided  home  if  unfit  for  further  servica 

For  each  army  corps  (of  nominally  36,000  men)  25  field  hospitals  are 
appointed, — 12  to  move  with  the  corps,  and  13  to  be  stationed  at  the  base  and 
along  the  lines  of  communication,*—- each  is  equipped  for  200  sick,  and  may 
be  divided  into  half  hospitals  for  100  each,  if  necessary.  Slight  cases  would 
be  treated  in  the  field  hospitals,  but  aU  cases  likely  to  take  any  time  should 
be  sent  to  the  rear  of  operations  as  soon  as  possible.  Cases  of  fever  (typhus 
and  typhoid)  ought  to  be  removed  as  soon  as  possible  far  from  the  field  foroa 
It  is  of  great  importance  that  they  should  not  be  put  near  surgical  cases,  which 
ought  to  be  kept  separate,  or  mixed  only  with  non-commimicable  diseases. 
This  (the  separation  of  fever  from  surgical  cases)  was  a  Peninsular  rule  of  Sir 
James  M'Grigor,  and  should  never  be  forgotten.  Ophthalmic  cases  ought  also 
to  be  isolated 

The  hospitals  in  rear  may  be  at  some  distance,  but  connected  either  wiih  a 
railway  or  by  water  carriage.  It  is  of  great  importance  to  keep  continually 
sending  patients  from  the  division  and  general  hospitals  with  the  army  to  the 
hospitals  in  rear.  It  is  not  only  to  keep  the  hospitals  in  front  empty  for 
emergencies,  and  to  facilitate  all  movements  of  the  army,  but  it  has  a  great 
effect  on  the  army  itself.  A  great  hospital  full  of  sick  is  a  disheartening 
spectacle,  and  often  damps  the  spirits  of  the  bravest  men.  The  whole  army 
is  higher  in  hope  and  spirits  when  the  sick  are  removed,  as  was  shown  re- 
markably by  the  Austrian  experience  of  1859.  The  sick  themselves  are 
greatly  benefited  by  the  removal ;  the  change  of  scene,  of  air,  of  ideas,  has 
itself  a  marvellous  effect,  and  this  is  another  great  reason  for  constantly 
evacuating  the  sick  from  the  hospitals  in  front 

The  men  who  are  reported  for  hospital  in  war  must  be  divided  into  several 
classes  — 

1.  Slightly  wounded  should  be  treated  in  the  field  or  intermediate 
hospitals,  and  then  return  to  duty. 

2.  Severely  wounded  at  first  in  the  field  hospitals,  then  sent  to  the 
intermediate  hospital,  and  then  to  the  rear,  as  convalescence  is  always 
long. 

Talescent  hospitals  in  the  rear,  where  the  men  were  received  en  route  to  the  depdt  Althongli 
he  does  not  d^cribe  his  Bystem  fully  in  his  paper  in  the  Medico-Chimrgical  TnnsactioDs  (toL 
vi.),  it  is  evident  from  his  Autobiography  that  ms  constant  practice  was  to  send  off  the  nek  as 
soon  as  possible.  This  is  shown  by  ms  narrative  of  the  retreat  from  Burgos,  when  he  sav«d 
Lord  Wellington  from  the  mortification  of  abandoning  his  sick  and  wounded  to  the  enemy.  My 
colleague,  Professor  Longmore,  in  his  most  instructive  work  on  Transport,  has  detailed  at  length 
the  means  of  transport  of  the  sick  and  wounded,  and  other  important  matters  of  the  kind. 

*  For  full  details  of  the  new  Hospital  organisation  in  the  field,  see  Professor  Longmore** 
work,  Gunshot  Injuries,  (1877)  sect  ix.  chap.  1. 
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3.  Slight  colds,  diairhoea,  &c,  treated  in  the  field  hospitals. 

4.  Severer  colds,  bronchitis,  pleurisy,  pneumonia,  dysentery,  &a,  should 
be  sent  at  once  to  the  intermediate  hospital,  and  then  to  the  rear  as  soon  as 
they  can  move  with  safety. 

5.  Typhus  fever  at  once  to  the  hospitals  in  rear,  if  possible  without  entering 
the  field  hospitals. 

6.  Typhoid  cases,  also,  should  be  sent  to  the  rear,  and,  in  fact,  all  severe 
case&  The  field  hospitals  should  be  alwa^  almost  empty,  and  ready  for 
emergencie& 

These  hospitals  in  rear  may  be  even  two  or  three  days'  journey  off,  if  con- 
veyance be  by  water,  or  one  or  two  days  if  by  rail  Sick  and  wounded  men 
bear  movement  wonderfully  well,  with  proper  appliances,  and  are  often  indeed 
benefited.* 

The  proper  position  for  these  hospitals,  at  the  base  of  operations,  must  be 
fixed  by  the  commander  of  the  forces  at  Ihe  commencement  of  the  campaign, 
as  he  alone  will  know  what  point  will  be  the  base  of  supplies,  and  it  is  of 
importance  to  have  these  great  hospitals  near  the  large  stores  which  are 
collected  for  the  campaiga 

It  seems  now  quite  clear  that  these  hospitals  should  not  be  the  ordinary 
buildings  of  the  countiy  adapted  as  hospitala  Such  a  measure  seldom  suc- 
ceeds, and  the  mere  adaptation  is  expensive,  though  probably  always  imper- 
fect f  Churches  should  never  be  taken,  as  they  are  not  only  cold,  but  often 
damp,  and  there  are  often  exhalations  from  vaults. 

The  French,  Austrian,  and  American  experience  is  in  favour  of  having  the 
hospitals  in  rear  made  of  tents  or  wooden  huts.  The  huts  are  perhaps  the 
best,  especially  if  the  winter  be  cold.  They  were  very  largely  used  by  the 
Federal  Americans,  who  have  entirely  given  up  converting  old  buildings  into 
hospitals.  The  best  huts  which  were  used  in  the  Eussian  war  of  1854-56 
were  those  erected  at  Eenkioi  from  Mr  Bruners  design ;  each  held  fifty  men 
in  four  rows.  This  plan,  however,  is  not  so  good  a  one  as  having  only  two 
TOWS  of  beds.  Hammond  |  states  that  in  the  American  war  the  best  size  has 
been  found  to  be  award  for  fifty  men  with  two  rows  of  beds ;  length  of  ward, 
175  feet ;  width,  25  ;  height,  14  feet ;  superficial  area  per  man,  87  feet ; 
cubic  space  per  man,  1200  feet.  Ventilation  was  by  the  ridge,  an  opening  10 
inches  wide,  running  the  whole  length,  and  by  openings  below,  which  could 
be  more  or  less  closed  by  sliding  doors.  Some  of  the  American  hospitals  held 
from  2000  to  2800  beds.§  It  is  probable,  however,  that  smaller  wards  (for 
25  men)  would  be  better. 

An  hospital  constructed  of  such  huts  can  be  of  any  size,  but  there  must  be 
several  kitchens  and  laundries  if  it  be  very  larga  If  space  permit,  however, 
it  seems  desirable  to  have  rather  a  collection  of  smaller  hospitals  of  500  beds 
each,  separated  by  half  a  mUe  of  distance,  than  one  large  hospital 

The  arrangement  of  the  huts  must  be  made  according  to  the  principles 
already  laid  down.     Dr  Hammond  writes  thus  of  these  hospitals  : — 

"  It  will,  perhaps,  not  be  out  of  place  again  to  insist  on  the  great 

*  On  this  and  other  points  of  the  like  kind,  see  Report  on  Hygiene,  in  the  Aimy  Medical 
Bepoit  for  1862,  pp.  349,  850. 

■f  Donald  Monro  says  that,  in  1769,  the  houses  in  Germany  taken  for  the  sick  were  improved 
by  taking  away  the  stoves  and  putting  in  open  fire-places.  In  the  Peninsula,  the  Duke  of 
Wellington  appeared  to  have  a  dread  of  fever  attacking  the  army.  Lusoombe  tells  us  that  the 
Duke  asked  the  principal  medical  officer  every  day  as  to  the  appearance  of  fever.  He  also  im- 
proved the  hospitals  by  ordering  open  fire-places.    (Luscombe,  p.  6.) 

X  On  Hygiene,  p.  8^5. 

§  See  Report  on  Hygiene,  in  the  Army  Medical  Report  for  1862,  p.  345,  et  aeq,,  for  a  faller 
description. 
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adyantages  of  these  temporary  fi^d  hospitals  over  those  located  in  pennaiient 
buildings  in  towna  Nothing  is  better  for  the  sick  and  wounded,  winter  and 
summer,  than  a  tent  or  a  ridge-ventilated  hut  The  exprnenee  gained  during 
the  present  war  establishes  this  point  beyond  the  possibility  of  a  doubt 
Cases  of  erysipelas  or  of  hospital  gangrene  occurring  in  the  old  buildingB, 
which  were  at  one  time  unavoidably  used  as  hospitals,  but  which  are  now 
almost  displaced  for  the  ridge-ventilated  pavilions,  immediately  commenced  to 
get  well  as  soon  as  removed  to  the  tents.  But  in  one  instance  that  has  eome 
to  my  knowledge  has  hospital  gangrene  originated  in  a  wooden  pavilion 
hospital,  and  in  no  instance,  as  far  as  I  am  awaie,  in  a  tent  Hospital 
gangrene  has  been  exceedingly  rare  in  all  our  hospitals,  but  two  or  three 
hundred  cases  occurring  among  the  many  wounded,  amounting  to  over  100,000 
of  the  loyal  and  rebel  troops  which  have  been  treated  in  them.  Again, 
wounds  heal  more  rapidly  in  them,  for  the  reason  that  the  full  benefit  of  the 
fresh  air  and  ihe  light  are  obtained  Even  in  fractures  the  beneficial  effectB 
are  to  be  remarited"      ("  On  Hygiene,"  p.  397.) 

Baron  Larrey,  in  his  useful  work,*  describes  the  plans  adopted  by  the  Frendi 
in  the  Italian  war  of  1859.  At  Constantinople,  during  the  Crimean  war,  the 
French  were  apparently  very  well  installed ;  the  best  buildings  in  Constanti- 
nople were  assigned  to  them,  and  they  were  arranged  with  all  the  accuracy  (tf 
organisation  which  distinguishes  tiie  French.  The  results  were  not,  however, 
favourable,  especially  in  the  spring  of  1856,  when  typhus  spread  thion^ 
many  of  the  hospitaJs,  and  caused  great  mortality.!  Taught  by  this  experi- 
ence, in  the  Italian  war  of  1859  the  French  distributed  ^eir  sick  in  small 
hospitals  whenever  they  could  find  a  building,  and  in  this  way  the  extension 
of  the  specific  diseases  was  entirely  sto|^)ed 

In  the  great  Franco-Prussian  war  of  1870-71,  tibe  Germans  made  great  use 
of  temporary  hospitals,  and  distributed  their  sick  and  wounded  over  almost 
the  whole  of  Grermany.  The  plans  were  very  similar  to  those  used  in  the 
Crimean  and  American  wars.  In  some  of  Ihe  large  cities,  as  at  Beriin, 
immense  hospitals,  with  railways  and  every  appliance,  were  fitted  up.  The 
experience  as  regards  hospital  gangrene  and  erysipelas  was  favourable,  hat 
there  were  many  cases  of  pyaemia  in  some  of  these  hospital&t 

To  sum  up,  the  hygiene  of  field  hospitals  in  war  (the  rules  are  derived  from 
our  own  Crimean  experience,  and  that  of  the  wars  which  have  taken  place 
since)  is  as  follows : — ^The  field,  including  the  intermediate,  hospitals  to 
be  made  of  tents ;  the  tents  being  well  constructed,  of  good  size,  thoroi^hly 
ventilated,  the  flaps  being  able  to  be  raised  so  as  almost^  if  desired,  to  make 
the  tent  into  an  awning.  The  most  convenient  and  best  are  the  hospital 
marquees  of  the  new  pattern,  except  for  l^eir  considerable  weight  Hie 
new  double  circular  tents  will  now  be  used  in  all  probability :  ti^ey  are  a 
great  improvement  on  the  old  bell-tent,  and  lighter  than  the  marquee. 
Each  weighs  100  lb  dry,  and  four  patients  are  put  in  a  tent     For  operating 

t  *  Notice  8iir  raygiine  des  Hopitnuz  Militaifes,  1882. 

f  Larrey  mentions  some  striking  instances  of  the  effects  of  overcrowding.  At  Rami-Tchifllicka 
the  hospital  was  fixed  for  900  by  the  soiveon  in  charge,  who  allowed  no  more ;  it  remained 
healthy.  His  successor  increased  the  beds  to  1200  and  then  to  1400.  Typhus  became  moat 
seyere,  and  spared  no  one  (ni  infirmiers,  ni  sosurs,  ni  m^xledns).  In  the  hospital  at  Pen  then 
was  tiie  same  mistake,  and  the  same  results.  Typhus  caused  fifty  per  cent,  of  the  deaths.  At 
the  hospital  of  the  ficole  Militaire  no  crowding  was  permitted,  and  typhus  caused  only  ten  per 
cent  ox  the  deaths.  In  the  French  ambulances  in  the  CMmea  the  same  facta  were  notioed. 
-Doable  and  tieble  juunbers  were  crowded  into  some,  and  they  were  ntvaged  by  typhus  ;  othen 
were  not  allowed  to  be  crowded,  and  had  little  tvphua. 

X  Numerous  works  have  been  published,  which  space  does  not  allow  me  even  to  enmnerBle, 
but  the  medical  o£Bcer  will  find  much  information  m  the  Army  Medical  Department  Bepocts, 
especially  in  the  essays  from  the  officers  who  were  sent  to  France  during  the  war. 
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purpoBes,  the  cential  pole  can  "be  lemoved  and  a  tripod  support  sul^titated, 
so  as  to  leave  the  centre  free. 

The  ground  round  the  tents  to  he  thoroughly  drained,  kept  verj  clean, 
and  replaced  from  time  to  tima  The  tent  floor  to  be  covered  with  clean, 
and,  if  possible,  dried  earth,  or  charcoal,  and  to  be  then  covered  with  a 
waterproof  cloth,  or  boarded,  if  the  camp  be  one  of  position.  In  either 
case  the  greatest  care  must  be  taken  that  the  ground  does  not  get  soaked 
and  filthy.  Every  now  and  then  {if  possible  every  ten  days  or  so)  the  tents 
should  be  shifted  a  little. 

If  it  can  be  done,  the  sick  should  be  raised  off  the  ground  Iron  bed- 
steads are  cumbrous,  but  small  iron  pegs  stuck  in  the  ground  might  carry 
a  sort  of  cot  or  hammock.  The  advantage  of  a  plan  of  this  kind  is,  that 
by  means  of  holes  in  the  sacking,  wounded  men  can  have  the  close-stool 
without  much  movement  For  fever  cases  it  permits  a  free  movement  of  air 
under  the  patient 

The  stationary  general  hospitals  in  rear  should  be  of  tents  or  wooden 
huts,  but  never  of  converted  buildings,  or  of  hospitals  used  by  other  nationa 
Here,  of  course,  iron  bedsteadS|  and  aU  the  appurtenances  of  a  regular 
hospital,  are  brought  into  play. 

Whenever  practicable,  the  rear  hospital  should  have  water-closets  and 
sewers.  At  Eenkioi,  in  Turkey,  Mr  Brunei  supplied  square  wooden  sewers 
about  fifteen  inches  to  the  side ;  they  were  tarred  inside,  and  acted  most 
admirably,  without  leakage,  for  fifteen  montiis,  till  the  end  of  the  war. 
The  water-closets  ( Jenning's  simple  syphon),  arranged  with  a  small  water-box 
below  the  cistern  to  economise  water,  never  got  out  of  order,  and,  in  fact,  the 
drainage  of  the  hospital  was  literally  perfect  I  have  little  doubt  such  weU- 
tarred  wooden  sewers  would  last  two  or  three  yeai& 

There  is  one  danger  about  wooden  hospitals,  viz.,  that  of  fire.  The  huts 
should,  therefore,  on  this  ground  alone,  be  widely  separated ;  each  hut  should 
have,  about  ten  feet  from  it,  an  iron  box  for  refuse.  Wooden  boxes  do  not 
answer,  as  in  the  winter  live  cinders  get  thrown  in,  and  there  is  danger  of 
fire.  These  boxes  should  be  emptied  every  morning  by  the  scavengera 
Water  must  be  laid  on  into  every  ward. 

The  arrangement  of  the  buildings  is  a  simple  matter,  but  must  partly  be 
determined  by  the  ground.  Long  open  lines  are  the  best  An  hospital  of 
this  kind,  completely  prepared  in  England,  can  be  put  up  at  a  very  rapid  rate,* 
supposing  there  be  no  great  amount  of  earth-work,  and  that  tiie  supply  of 
water  and  of  outlet  for  sewage  be  convenient  So  that,  if  commenced  at 
once  at  the  beginning  of  a  campaign,  accommodation  would  soon  be 
provided 

Circumstances  may  of  course  render  it  necessary  to  take  existing  buildings 
for  hospital  purposes,  but  it  ought  always  to  be  remembered  that  it  ia 
running  a  very  great  risk,  and  nothing  but  xigid  necessity  ought  to  sanc- 
tion it 

Laundry  EdablishmenL 

This  part  of  an  hospital  must  be  organised  as. early,  and  as  perfectly,  as 

*  The  hospital  at  Benkoi,  in  Turkey,  in  the  Crimean  war,  waa  made  of  snch  large  hnt0 
(60  men  in  each)  that  its  rapidity  of  erection  ia  no  guide  to  others  ;  yet  it  was  marrellouslT 
8()on  pat  up.  The  fUvt  beam  was  laid  on  the  24th  May  1855,  on  the  12Ui  July  it  was  Tsportea 
ready  for  800  sick,  every  ward  having  water  laid  on,  baths  and  olosets,  and  an  iron  kitchen  and 
laundry  being  also  ready ;  on  the  11th  Ansust  it  was  ready  for  500,  and  on  the  4th  December 
for  lOdO  sick.  In  January  1856  it  was  readv  for  1500  sick,  and  in  a  short  time  mora  2200  oould 
have  been  received.  The  number  of  English  artisans  were  only  forty,  but  we  had  natiire  work* 
men,  and  if  we  had  had  eighty  English  artisans  it  would  have  been  x^y  for  1000  sick  in  three 
months.    Smaller  huts  could  be  put  up  in  mndti  less  time  if  the  ground  requires  no  terracing. 
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possibk.  The  different  parts  must  be  sent  out  from  Englandy  viz.,  boiler, 
drying-closet,  waflhing-machines,  and  wrioging-machines.  The  waahing  in  war 
can  never  be  properly  done  by  the  people  among  whom  the  war  is  carried  oa 
Every  appliance  to  save  labour  must  be  used,  and  after  calculating  what 
amount  of  laundry  work  has  to  be  done  for  a  presumed  nuniber  of  sick,  just 
twice  the  amount  of  apparatus  should  be  sent  out,  partly  to  insure  against 
breakage,  partly  to  meet  moments  of  great  pressure.  The  drying  doset, 
especially,  is  a  most  important  part  of  the  laundry,  as  its  heat  can  be  used  to 
disinfect. 

Amount  of  Hospital  AceammodaiiorL 

This  must  not  be  less  than  for  25  per  cent  of  the  force,  with  reserve  tents 
in  rear  in  case  of  need. 

Cemeteries  in  war  must  be  as  far  removed  as  possible ;  the  graves  dug  deep, 
and  peat  charcoal  thrown  in  if  it  can  be  procured  Lbne  is  generally  used 
instead,  but  is  not  quite  so  good  If  charcoal  cannot  be  got,  lime  must  be 
used  If  the  army  is  waning  on  the  sea-coast^  burial  in  the  sea  is  the  safest 
plan. 

Hying  Hospitals. 

For  moving  columns  and  excursions,  flying  hospitals  are  organised 
Medical  comforts,  concentrated  foods,  wine,  brandy,  dressing  instruments, 
bedding,  <&&,  and  perhaps  tents,  are  carried  in  light  carts,  or  on  mules,  or 
camels.  If  it  can  be  done,  an  old  recommendation  of  Donald  Monro 
seems  useful,  viz.,  that  a  baker  with  flour  should  accompany,  and  even  a 
butcher  with  live  stock  ;  but  since  the  use  of  concentrated  foods,  the  last  is 
perhaps  less  needed 

Sanitary  Duties  connected  with  a  War  Hospital. 

In  addition  to  the  usual  sanitary  duties  of  an  hospital,  there  are  one  or  two 
points  which  require  particular  attention  in  the  field. 

The  first  of  these  is  the  possible  conveyance  of  disease  by  the  exceedingly 
dirty  clothes,  which  may  perhaps  have  been  worn  for  weeks  even  without 
removal,  in  the  hard  times  of  war.  Typhus,  especially,  can  be  carried  in  this 
way. 

To  provide  for  this,  every  hospital  should  have  a  tent  or  building  for  the 
reception  of  the  clothes ;  here  they  should  be  sorted,  freely  exposed  to  air,  and 
the  dirty  flannels  or  other  filthy  clothes  picked  out  Some  of  these  are  so 
bad  that  they  should  at  once  be  burnt,  and  the  principal  medical  officer,  at  the 
beginning  of  a  campaign,  should  have  authority  given  him  to  do  this,  and  to 
replace  the  articles  from  the  public  store. 

The  articles  which  are  not  so  bad  should  be  cleansed  The  cleansing  is 
best  done  in  the  following  way  : — If  the  hospital  have  a  laundry  and  drying 
closet,  they  should  be  put  first  in  the  drying^oset  for  an  hour,  and  the  heat 
carried  to  220°  Fahr.  Then  they  should  be  transferred  into  tJie  fumigation 
box  ;  this  is  simply  a  tin-lined  box  or  large  chest  The  clothes  are  put  in 
this,  and  sulphur  placed  above  them  is  set  on  fire,  care  being  taken  not  to 
bum  the  clothes  ;  or  nitrous  acid  fumes  should  be  used.  After  an  hour's  de- 
tention in  the  fumigating  box,  they  should  be  removed  to  the  soaking  tuba 
These  are  large  tubs  with  pure  water,  put  in  a  shed  or  tent  outside  the  laundry. 
A  little  chloride  of  lime  can  be  added  to  the  water.  They  should  soak  heoe 
for  twenty-four  hours,  and  then  go  into  the  laundry  and  be  washed  as  usual 
This  plan,  and  especially  the  heating  and  fumigation,  will  also  kUl  lice,  whick 
often  swarm  in  such  numbers. 

Another  point  of  importance  is  to  bathe  the  men  as  soon  as  possible.     Tlift 
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batbfi  of  a  war  hospital  at  the  base  of  operations  should  be  on  a  large  scale, 
and  the  means  for  getting  hot  water  equally  larg&  The  men*s  heads,  if  lousy, 
should  be  washed  with  a  little  weak  carbolic  acid,  which  kills  the  lice  at  once. 
The  smell  is  not  agreeable,  but  that  is  not  of  real  consequence. 

In  a  war  hospital,  also,  the  use  of  charcoal  in  the  wards,  charcoal  dressings, 
the  employment  of  disinfectants  of  all  kinds,  is  more  necessaiy  than  in  a  com- 
mon hospital 

As  a  matter  of  diet,  there  should  be  a  large  use  in  the  diet  of  antiscorbutic 
food,  vegetables,  &&,  and  antiscorbutic  drinks  should  be  in  every  ward,  to  be 
taken  ad  libitum — citric  acid  and  sugar,  cream  of  tartar,  &c.  The  bread  must 
be  very  good,  and  of  the  finest  flour,  for  the  dysenteric  cases. 

Sieges, 

The  sanitary  duties  during  sieges^  are  often  difficult  Water  is  often 
scarce,  disposal  of  sewage  not  easy,  and  the  usual  modes  of  disposed  of  the 
dead  cannot,  perhaps,  be  made  use  of.  If  sewage  is  not  washed  away,  and  if 
there  is  no  convenient  plan  of  removing  it  by  hand,  it  must  be  burnt  Mix- 
ing it  with  gunpowder  may  be  adopted  if  there  is  no  straw  or  other  com- 
bustible material  to  put  with  it 

If  food  threaten  to  run  short,  the  medical  officer  should  remember  how 
easily  Dr  Morgan's  process  of  salting  meat  can  be  applied  (see  page  206),  and 
in  this  way  cattle  or  horses  which  are  killed  for  want  of  forage,  or  are  shot  in 
action,  can  be  preserved.  For  sieges,  as  vegetables  are  sure  to  fall  short,  a 
very  ample  supply  of  lemon-juice,  and  of  citric  acid,  citrates,  and  cream  of 
tartar,  should  be  laid  in,  and  distributed  largely. 

One  other  point  should  be  brought  to  the  notice  of  the  general  in  command. 
In  times  of  pressure,  every  man  who  can  be  discharged  from  the  hospital  is 
sent  to  the  £:ont  This  cannot  always  be  avoided.  But  when  there  is  less 
pressure,  the  men  should  go  from  the  rear  hospitals  to  a  dep6t,  and  while  there 
should  still  be  considered  under  medical  treatment,  so  that  they  may  not  too 
soon  be  subjected  to  the  hardships  of  war.  They  should,  in  fact,  be  subjected 
again  to  a  sort  of  training,  as  if  they  were  just  entering  on  the  war.  If  this 
is  not  done,  a  number  of  sickly  or  half -cured  men  get  into  the  ranks,  who  may 
break  down  in  a  moment  of  emergency,  and  cause  great  difficulty  to  the 
general  in  command.  Some  officers  thmk  that  a  man  should  either  be  in 
hospital  or  at  lus  full  duty  ;  this  seems  to  me  a  misapprehension  both  of  the 
facts  and  of  the  best  way  of  meeting  them.  To  transfer  a  man  just  cured, 
from  the  comforts  of  an  hospital  at  once  to  the  front,  is  to  run  great  danger. 
A  depdt,  which  should  be  a  sort  of  convalescent  hospital,  though  not  under 
that  term,  is  the  proper  place  to  thoroughly  strengthen  the  man  just  recovered 
for  the  arduous  work  before  him. 
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METRICAL  WEIGHTS  AND  MEASURES. 

a.  Length, 

1  Metre  =  39*37    English  inches  =  3*28  feet 

1  Decimetre  =  3*94        „  „       =  ^4  inches  nearly.) 

1  Centimetre  =  0*39        „  >»  '    =  (Ath  inch  nearly.^ 

1  Millimetre  =  0*039      „  „       =  \it^  ii^ch  nearly.; 

N.B. — ^The  Latin  prefix  indicates  division. 

The  Greek     do.        do.       multiplication. 

1  Kilometre  =  1000  metres  =  1094  yards  =  {th  mile  (nearly.) 

6.  Area, 

1  Square  Metre  =  10*76      sq.  feet       =  1542  8C[.  inches. 

1  Square  Centimetre  =    0154    sq.  inches  =  A  s^*  inch  (nearly.) 
1  Square  Millimetre  =    0*0015        „  =  ^     „        (nearly.) 

100  Square  Metres         =  1  are         =      119*7  square  yards. 

100  Ares  =  1  hectare  =  11967*        „  „    =  2*47  acres. 

100  Hectares  =  1  square  kilometre  =  247  acres  =  0*386  sq.  mile. 

c.  Capacity. 

1  Decimetre  cubed  =  1  litre  =  1000  cubic  centimetres  =  61  cubic  inches  =  35*3 
ounces  =  0*22  gallon. 

1  Cubic  centimetre  =  0*061  cubic  inch. 

1  Cubic  inch  =  16*4     cubic  centimetres. 

28*35  Cubic  centimetres  =  1*733  cubic  inches  =  1  ounce. 
1,000,000  cubic  centimetres  =  1000  litres  =  1  cubic  metre  =  1  stere  =  36*3  cubic  feet. 

d.  Weight 

\  Cubic  centimetre  of  distilled  water  at  4°  C.  (39**2  F.)  weighs  1  gramme. 

1  Gramme         =  15*432  grains. 

1  Decigramme  =   1*543      „      (  =  Ingrains  nearly.) 

1  Centigramme  =  0*154      „      (=  A  graii^s  nearly.) 

1  Milligramme  =  0*015      „      (  =  ^  grains  nearly.) 

1  Kilogramme  =  1000  grammes  =  15,432  grains  =  2*2  lbs.  avoir.  —  35'3  ouiices 

French  livre  and  (German  pfund  =  500  grammes  =  1*1  lbs.  =  17*6  ounces. 

The  German  loth  =  16f     ,,        =  (  ounce  nearly. 
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THERMOMETER  SCALES. 

Centigrade  R^umnr  Fahrenheit — 32 

5                =               4               =  9  - 

Centigrade.  Reaumur.  Fahrenheit 

Mercury  freezes  at -&-0  -32-0  &-0 

Zero  of  Fahrenheit -17-7  -14-2  0*0 

Water  freezes  at 0*0  O'O  32-0 

Water  at  its  maximum  density  at      .        .          4*0  3'2  39*2 

Mean  temperature  of  London     .        .        .        10"2  8*2  50*4 

Mean  temperature  for  specific  gravities,  &c.        15'6  124  60*0 

Mean  temperature  of  Calcutta            .        .        25*8  20*6  82*0 

Mean  temperature  of  tiie  human  body       .        38*5  30-0  98*4 

Alcohol  boils  at          .        .                         .        78*3  627  173*0 

Water  boils  at lOO'O  80*0  212*0 

Mercury  boils  at 360*0  288*0  6800 
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BAROMETER  SCALES. 
Standard  pressure  =  760  millimetres  =  29-922  inches. 
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STANDARD  SOLUTIONS  FOR  VOLUMETRIC  ANALYSIS. 


1.  For  chlorine.    Silver  nitrate  solatioiL 

17  grammes  of  silv^er  nitrate  in  1  litre  of  distilled  water. 
1  CO.  of  solution =0*00355  gms.  =  3*55  milligrammes  of  chlorine. 

„  „        =0*00585    „    =5*85  „  of  sodium  chloride. 

„  „        =0*00745    „    =7*45  „  of  potassium  chloride. 

„  „        =0*00535    „    b5'35  „  of  ammonium  chloride. 

Short  feu^tor  for  chlorine  in  grains  per  gallon  (if  one  litre  of  water  be  taken  for 
experiment)  =0*2485,  or  the  CC.'s  of  silver  nitrate  solution  required  for  j 
litoe,  represent  grains  per  gallon  of  chlorine  nearly. 

2.  Hardness.    Soap  solution. 

Dissolve  some  soft  soap  (pharmacopceial)  in  diluted  spirit,  and  graduate  bj 
means  of  this  barjtic  solution. 

Nitrate  of  barium,  .  0*26  mmmes. 

Distilled  water,      ....  1  utie. 

2*2  CC.s  (or  22  measures)  of  standard  soap  solution  produce  a  permanent  lalJier 

with  50  CCs  of  the  above  solution. 
1  measure  (  =  ^  CO.)  of  soap  solution =0*00025  gm.=0'25  mgm.  of  calcium 

carbonate. 

(For  other  co-efEicients  see  page  78.) 

Correction  for  lather  =  —  2  measures  of  soap. 

Short  factors  (when  50  CC.s  of  water  are  taken  for  ezperimeni) 

For  degrees  of  Clark's  scale  (1:70,000)  =0*35. 
„  „      Metrical   „    (1:100,000)  =0*50. 

3.  Permanganate  Solution  for  OgsidisaibU  Matter. 

0*395  of  potassium  permanganate  in  1  litre  of  water. 

100  CC.s  are  exactly  decolorised  by  100  CCs  of  oxaUc  acid  sokUion  (e.)    (See 

No.  7.) 
1  CC.  of  permanganate  solution  used  with  acid  yields  0*10  milligiamme  of 

oxygen. 
1  CC.  of  permanganate  solution  used  with  alkali  yields  0*06  milligramme  of 

oxygen. 
1  CC.  of  permanganate  solution  exactly  oxidises  0*2875  mgms.  nitrous  acid 

1  CO.  01  permanganate   solution   exactly  02ddi8es  0*2125  mgma.   hydrogen 

sulphide  (Rfi) 
1  CC.  of  permanganate  solution  exactly  oxidises  0*7000  mgms.  iron  (Fe.) 
ff  „  „  „  0*9000     „        ferrous 

(FeO.) 
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4.  ATimumiwm  OMoride  SohUicnfor  Nesileridng. 

0*315  giamme  of  ammoniiim  chloride  in  1  litre  of  water. 

This  iB  the  strong  solution. 

Take  100  CC.s  of  this  solution  and  dilute  to  1  litre. 

This  is  the  standard  solution. 

1  CC.  =  0*01  milligramme  of  ammonia  (NH,)  or  0*0082  mgm.  of  nitrogen. 
In  analysing  for  nitric  acid  1  part  of  NHs= 3*71  HNO,. 

5.  Sulphuric  Acid  Solution  for  Carbonates  in  Water. 

Take  4-9  grammes  hy  weight  of  pure  H|S04  ^^^  dilute  to  1  litre. 
1  CC.  saturates  5  milligrammes  of  calcium  carbonate. 
„  „       6*2        „  of  sodium        „ 

6.  Alkaline  solution  for  acidities. 

Take  liquor  sodso  or  liquor  potasssB  of  pharmacopceial  strength,  and  dilute  with 

8  or  9  parts  of  distilled  water. 
Graduate  with  oxalic  add  soluiion  (a.)    (See  No.  7.) 
1  CC.  of  standard  alkaline  solution  =  6*3  milligrammes  of  oxalic  acid. 

(For  other  coefficients  see  page  279.) 

7.  Oxalic  Acid  Solutions. 

Solution  (a.)    Take  6'3  grammes  of  crystallised  oxalic  acid,  and  dissGl^e  in  one 
litre  of  water. 

10  CC.s  exactly  neutralise  10  CC.s  of  standard  alkaline  solution. 

Sdutim  (&.)    Take  100  CC.s  of  solution  (a),  and  add  180  CC.s  of  distilled  water. 

This  makes  the  solution  for  testing  the  alkalinity  of  lime  or  baryta  water. 

1  CC.  exactly  neutralises  1     milligramme  of  lime  (CaO.) 

„  „  „  2-73         „  of  baryta  (BaO.) 

Solution  (c.)    Take  100  CC.s  of  solution  (a),  and  add  700  CC.s  of  distilled  water. 

This  is  the  solution  for  graduating  the  permanganate. 

100  CC.s  exactly  decolorise  100  CC.s  of  permanganate  in  presence  of  sulphuric 
acid. 

8.  Copper  Solution  {Fehling^s)  for  Sttgars, 

Take  of  pure  copper  sulphate,  .        .        34*64  grammes,  j  ruggQj^ 

„    Distilled  water,         ....        200*  CC.  \ 

Take  also  of  tartrate  of  sodium  and  poUuwium,  173*  grammes. )  7v_,7_^ 
Solution  of  caustic  soda  (or  caustic  potash),    .    480*    CC.  J  -^^***^*^ 

Mix  the  two  solutions  slowly,  and  dilute  with  distilled  water  to  one  litre. 
1  CC.  is  reduced  by  5  milligrammes  of  either  ^ucoee  or  inverted  sugar. 
1  CC.  „  8*67        „  of  lactin  (or  milk  sugar). 

9.  Iodine  Solution  for  Hydrogen  Sulphide. 

Dissolve  6*35  grammes  of  iodine  in  1  litre  of  distilled  water  by  the  aid  of  a  little 
potassium  iodide. 

1  CC.  =  0*85  milligrammes  of  H^S. 

If  a  litre  of  water  be  taken  for  examination,  the  short  factor  for  cubic  inches 
per  gallon  is  0*164. 

Starch  is  used  as  the  indicator. 
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10.  SoltUion  of  Ir(m  far  Colormdric  Test. 

Dissolve  one  gramme  of  pure  iron  wire  in  nitTO-b;irdrochloric  acid  ;  precipitate 
the  ferric  oxide  with  ammonia ;  wash  the  precipitate ;  difisolvc  in  a  li^e 
hydrochloric  acid,  and  dilute  to  1  litre. 

1  CC.  =  1  milligramme  of  iron. 
This  is  the  strong  solution. 

For  use  it  is  diluted  1  to  100,  so  that 

1  CC.  =  0*01      milligramme  of  metallic  iron. 
1  CC.  =  0*02696  „  of  iron  phosphate. 
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discharge  from,  calculation,     .  874 

flushing  of,        .  .  .878 

influence  of,  on  health  and  death- 
rate,    ....  886 

producing  typhoid  fever,         .  127 

mspection  of,    .           .           .  377 

main,     ....  874 

objections  to,    .            .            .  886 

ventilation  of,  .           .*  875 

Sewer-slime,     ....  877 

Sewer-water,  composition  of,  866 

dischaige  into  running  water 

prohibited, 


-  discharge  into  the  sea, 

-  disposal  of, 

-  microscopic  examination  of, 

-  precipitation,    . 
storage  in  tank  with  overflow. 


Service  at  home, 

foreign, 

Seymour  Haden  on  perishable  coffins, 

Shaking-bottles  for  soap-test,  . 

Shako.  .... 

Shell-jacket  abolished, 

Shepherd,  analysis  of  Delhi  waters, 

Sheringham  valve, 

Shield's  experiments  on  filtration, 

Ship  filters. 

Ships,  air  in  holds  of,  . 

Shoddy,  how  recognised, 

Shoeburyness  water,    . 

Shoes  and  boots, 

Sick,  aggregation  of,  risks, 

amount  of  air  reauired  for, 

men,  water  supply  for, 

necessity  for  djstnbntion  of, 

in  war,  divisioo  of, 
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experiments,  apparatus  required, 

imi)roved,  good  effects  o^  in 

cavalry  stables, 
mechanical. 


94 

148 


natural. 


148,  162 


natural  and  artificial,  relative 

value  of,         .           .           .  178 

of  Indian  barracks,      .           .  548 

of  sewers,         .           .           .  876 

■ openings,  size  of,         .           .  158 

practical  applications  of  theo- 
retical statements,     .           .  156 

Sylvester's  plan,           .           .  153 

system  adopted  in  the  army,  .  165 

Ventilator,  M'Kinneirs,          .           .  168 

Ventilators,  Watson's,  Muir's,            .  168 

"  Verdet "  of  rye,        ...  250 

Vernier  scale,   ....  466 

Vibriones  in  air,           ...  97 

in  flour,            .           .           .  228 

Viciafaba,       .           ...  252 

Vierordt  on  effects  of  heat,      .           .  484 

Vienna  Congress  on  ozone  observations,  467 

Vinegar,            ....  818 

adulterations,  of,          .            .  819 

and  ajnmonia,  as  air  purifiers,  138 

a  preventive  of  scurvy,            .  497 

examination  of,            .            .  819 

Virchow  on  ground  water,       .            .  880 

Vitreous  glaze  (De  Laveuant's)  for  pipes,  16 

Voelcker  on  water  from  the  Lias,        .  24 

Voxel's  lactoscope,       .            .            .  262 

Volt's  experiments  on  food,     .           .  190 

Volatile  solids  in  water,          .           .  76 

Volga,  effects  of  water  of  the,             .  40 
Volumetric  analysis,  standard  solutions 

for,    .           .           .           .           .  709 

Walcheren,  dysentery  at,        .           .  48 
Waldie,  Mr  D.,  on  filtration  of  Hooghly 

water,            ....  33 


FAQB 

Walking,  work  done  in,          •           .  420 

Wall  or  ghot-wall,        ...  263 

Walls  of  barracks,                   .           .  547 

passage  of  air  through,  Petten- 

kofer's  experiments,  .            .  154 

Walz  on  enteric  fever  from  water,       .  47 

Wanklyn,  miniature  gallon,    .           .  76 

on  adding  sodium  chloride  to 

water,  ....  89 

on  composition  of  milk,  269,  260 

ontests  for  metals  in  water,    .  70 

Wanklyn's  simple  form  of  steam  bath,  75 

method  for  organic  matter  in 

water,             ...  78 

War, 692 

amount  of  hospital  accommoda- 
tion during,    .           .           .  704 

causes  of  sickness  and  mortality 

in,        .           .           .          .  697 

cleanliness  in,    .           .           .  695 

cookingof  foodin,                    .  694 

entiyon,           .           .  695 

equipment,       .           .           .  580 

food  in,             ...  696 

hospitals,          .           .           .  699 

sanitary  duties  connected  with,  704 

inspection  of  meat  during,       .  219 

marches  during,           .           .  696 

preparation  for,            .            .  693 

samtary  regulations  for,          .  697 

sickness  during,           .           .  697 

statistics  in,      ,           .           .  628 

Office  experiments  on  water,   .  8 

Warm  water  pipes,      .            .            .  407 

Warmth,  degree  of,  for  houses,           .  404 

reouired  in  disease,      .           .  405 

dinerent  kinds  of,         .           .  406 

Warming  of  houses,     .           .           .  404 

Warning  pipe,  for  constant  water  supply,  1 4 

Waste  preventers,  water,         .            .  4 

Water,  .....  1 

action  on  lead,             ...  15 

albuminoid  ammonia  in,          .  83 

amount  allowed  in  transports,  8 

amount  for  domestic  purposes,  8 

amount  for  water-closets,        .  4 

— amount  required  for  adults,     .  3 

amount  for  women,      .           .  8 

amount  for  children,    ,           .  8 

amount  for  animals,     •           .  5 

amount  for  baths,        .           .  4 

amount  required  for  the  sick,  ,  6 

amount  supplied  to  soldiers,   .  8 

amount  used  by  poor  families,  4 

amount  used  in  model  lodging- 
houses,           ...  4 

amount  used  in  prisons,          •  4 

analysis,  form  of  report,          .  88 

animal  matters  in,        .  .63 

army  regulations  on  the  sub- 
ject of            ...  1 

bacteria,  vibriones,  or  microzymes 

in,       ....  63 

brackish,  effects  of,       .           .  42 

chemical  examination  of  dissolved 

solids,             ...  69 

chief  ingredients  of  impure,     .  38 

chlorine  in,  determination,      .  76 

classification  of,  .  .    21,  22 

collection  of,     .           .           .  7 

collection  of,  for  examination,  60 

collection  of  sediment,             .  62 


732 


INDEX. 


Water,  oolotur  and  transparency  of,     . 

composition  of, 

concentrated,  ezamination  of, 

constant  supply, 

containing  iron,  effects  of, 

contamination  of,  by  coal  gas, 

contamination  of,   oy  cholera 

and  t3*phoid  discharges, 

contamination  of,  through  pipes, 

deficiency  of  effects  of, 

dissolved  animal  oi^nic  matter 

in,       .  .  .  . 

dissolved  mineral  matters  in,  . 

dissolved  solids  in, 

dissolved  vegetable  matter  in, 

distilled,  action  on  lead, 

distilled,  pure, 

distribution  in  India,  . 

distribution  of. 


PAGE 

61 
17 
71 
2 
40 
28 

89 

28 
87 

41 
41 
69 
41 
16 
82 
27 
12 
distribution  to  every  lioor  of  house,  15 
effects  of  impure,  general  con- 
clusions,        ...  60 

effects  of,  in  producing  calculi 

in  China,        ...  56 

effects  of  suspended  vegetable 

substances  in,  .  .  40 

epithelium  in,  .  .  .63 

ezamination  of  dissolved  matters  in,  67 

ezamination  of,    for  hygienic 

pur])oses,        ...  60 

filtration,  ...  81 

filtration  of,  in  reservoir,         .    10,  11 

fittings,  Board  of  Trade  minute  on,     1 4 

fized  solids  in,  .  .  .  75 

foetid  gases  in,  .  .  .  41 

free  ammonia  in,  .  .  82 

from  granite  strata,      .  23 

from  marshes,  ...  25 

from  town  wells,  .  .  25 

from  wells  near  the  sea,  .  26 

fungi  in,  .  .  .  65 

gases  in,  .  .  67,  68 

good,     ....  72 

usable,  ...         72 

suspicious,        ...  72 

baci,       ....  72 

hard,  effects  on  horses,  89 

Leech  on,  .  .  .  39 

Sutherland  on,  .  89 

hardness  of,  determination.    .  76 

hardness  of,  sufiScient  to  affect 

some  persons,  .  .  40 

impure.  ...  22 

impure  at  Qibraltar  during  yel- 
low fever  epidemic,    .  .  55 

impure,  causing  boils,  .  .  55 

impure,  causing  diarrhoea,        .   89,  40 

impure,  causing  diseases  of  the 

bones,  ...  56 

impure,  causing  dysenteiy,      .  42 

impure,  causing  dyspepsia,      .         39 

impure,  causing  erysipelas  and 

throat  ulcer,  diphtheria,        .         55 

impure,  causing  skin  diseases,  55 

impure,  effects  of,  on  pulmonary 

and   urinary   mucous   mem- 
branes, ...         44 

impure,  effects  of,  Simon  on,   .         88 

impure,  effects  on  alimentary 

mucous  membrane,    .  .  89 

—  impure,  effects  on  stomach,  89 

impure,  producing  goitr6,        .  56 


PAGE 

Water,  impure,  propagating  cholera,  .  50 

impure,   propagating   typhoid 

fever,  .  .  .  .47 

impure,  supply,  .  .  88 

impurities  of  distribntion,        .  27 

impurities  of  storage,   .  .  27 

impurities  of  transit,    .  .  35 

impurities  from  manufactaress  26 

impurities  from  sewage,  .  95 

in  China,  purification  of,  .  81 

in  soils,  .829 

insufficient  supply,       .  .  87 

intermittent  supply,     .  .  8 

iron  in,  taste  of,  .  .         61 

living  animals  in,         .  .         6S 

limiteoftaste  in,  .  .  61 

lustre  of,  .  .  .62 

measurements  of  streams  and 

springs,  ...  8 

measurements  by  Dr  Parkes,  3 

metallic  impregnation  of,         .  42 

microscopic  ezamination  of,  62 

microzymes,  algn,  fungi,  infu- 
soria, in,         .  .  .89 

mineral  particles  in,      .  .68 

mineral  substances  in,  .  89 

nature  of  suspended  matter  in,  62 

not  concentrated,  examination 

of,       .  .    69,70 

of  Dorpat,         ...  25 

organic  impurities,        .  .  26 

organic  matter  in,         .  .89 

oxidisable  matter  in,    .  -89,  S5 

physical  characters  of,  .  61 

precautions  in  estimating  dis- 
solved solids,  .  69 

producing  cholera  in  Holland,  51 

propagating  malarious  fevers,  44 

propagating  entozoa,    .  .  58 

propagating  specific  diseases,  .  44 

propagating  yellow  fever,         .  M 

pure  and  wnolesome,  .  22 

purification  of,  .  .  28 

purification  of.  in  open  channels,  26 

qualitative  cnemical  ezamina- 
tion of,  .  .  .69 

quality  of,         .  .  .  17 

quantity  of,       .  .  .  1 

quantity  necessary  for  analysis,         61 

rain,      .  .  .  .  « 

restriction  of,  by  trainers,  wrong,       ."58 

search  after,      ...  90 

sediment   of,    inanimate   sub- 
stances in,      .  .63 
sediment  of,  chemical  ezamina- 
tion of,                       .  .67 

smell  and  taste  of,        .  .         61 

solids  in,  .  .  .74 

specially     contaminated,     ex- 
amination of,  .  89 

storage  of,         .  .  10 

supply  of,         .  .  .        1, 2 

supply  of,  to  soldiers,  .  .         SO 

supply  of,  to  towns,       .  .  2 

suspended  animal  substances, 

enects  of,        .  .40 

suspended    faecal    matter  in, 

effects  of,       .  .  .40 
suspended  matters,    examina- 
tion of,          .           .  .62 

suspended  mineral  substances 

in,  effects  of,  . 


INDEX. 


733 


Water,  suspiciotis, 

taste  due  to  gases, 

total  amount  required  per  head 

troughs, 

turbidity  of, 

usable, 

vegetable  matters  in, 

volatile  solids  in, 

War-Office  experiments  on, 

waste  preventers^ 

Water-boatman,  or  skipjack  in  water, 

bottle,  soldiers , 

carts  and  water- sacks, 

cisterns  and  reservoirs, 

courses,  measurement  of  flow, 

closets  and  water-troughs 

closets,  water  required  for, 

fleas  in  water, 

ga&tj  larvae  of,  in, 

latrines,  water  for, 

pipes, 

Waterproof  clothing, 

courses. 

Waterproofing  of  boots, 

of  clotli,     . 

Water  supply  for  hospitals, 

for  the  sick, 

in  Indifl, 

permanence  of, 

m  transports. 

Water-tanks  in  India,  impurities  of, 
Watery  vapour  in  air, 

Watson  on  air  of  phtnisical  wards, 

on  suspended  matter  in  air. 

Weather,  Beaufort  notation  for  regis 

tering, 
in  connection  with  disease, 

Weber,  Brothers,  their  calculations  on 
length  of  step, 

Webb,  H.,  on  overcrowding  in  Indian 
barracks, 

Weber,  Hermann,  on  Alpine  climates 

Weber  on  sulphuretted  hydrogen, 

Weedon,  water  from. 

Weevil  in  flour. 

Weight  of  cubic  foot  of  air, 

of  the  air, 

Weights  and  measures,  metrical, 

of  articles  of  dress  and  of  accou 

trements, 

mo<les  of  carrying. 

Weirs,    used    for    measuring    water 
supply, 

Well-water,  objects  in,  plate  I., 

composition  of, 

Wells,  Artesian, 

calculation  of  yield  of, 

efi'ect  of  tide  on, 

near  the  sea,  water  from, 

Norton's  American  tube, 

protection  of. 

West  Coast  of  Africa, 

West  Indian  stations,  effects  of  impure 
water  in. 

West  Indies, 

Wet  and  dry  bulb  thermometers  on, 


PAGE 

22 

61 

4,5,6 

889 

S9 

22 

63 

76 

8 

4 

66 

91 

91 

10 

9 

889 

4 

66 

66 

5 

12 

428,  677 

860 

677 

677 

6 

6 

6 

10 

91 

27 

183 

101 

180 


468 
468 

694 

645 
439 
41 
24 
229 
465 
461 
707 

678 

684 

9 
66 
19 

7 

9 

331 

26 

7 

12 
651 

42 
634 
451 


PAOB 

Wheat,  .  .  .221 

grain,  structure  of,       .            .  225 

envelopes  of,     .  .     225, 226,  227 

starch,  grains  of,           .            .  227 

flour,  adulteration  of,               .  230 

grains,  examination  of,            .  222 

Wheel  animalcules  in  water,               .  66 

Whitwell  on  hill  diarrhoea  of  India,  .  40 
Wildenstein's   method  for  sulphuric 

acid  in  water,            ...  81 
Wilson,  DrG.,  on  amount  of  water  used 

In  Portsmouth  prison,           .  4 

on  air  in  prisons,          .            .  103 

on  prison  diet,              .            .  193 

Wind,  direction  of,       .            .            .  464 

force  of,  csdculation,    .           .  465 

velocity  of,        .            .            .  464 

Winds,  summary  of  direction,             .  464 

Windward  and  Leeward  Islands,         .  642 

Wine,  acids  in,     .        .           .           .  287 

adulterations  of,           ,           .  288 

colouring  matters  in,                .  288 

composition  of,             .            .  285 

dietetic  value  of,           .            .  807 

ethers  in,          .           .           .  286 

examination  of,             .            .  287 

Witt's  experiments  on  filtration.  32 

Wolseley,  Sir  Garnet,  on  alcohol,        .  804 

on  wooden  huts,            .            .  551 

Women,  supply  of  water  for,              .  3 

Wood  on  thermic  fever,           .            .  434 

products  of  combustion  of,  106 

Wool,    .....  426 

Woollen  underclothing,           .           .  570 

Worms  in  water,  ...  65 
Work  done,  calculation  of,  .  .419 
Work  of  the  soldier,              .               422,  587 

Yam,     .....  258 

Yaws,    .....  643 

Yeast,  examination  of,                         .  246 

Yellow  fever,  a  fajcal  disease,             .  479 

communicability  of,     .           .  479 

fumigation  as  a  preventive,      .  480 

at  Gioraltar,     .            .  627 

at  Malta,           ...  631 

in  Barbadoes,               .            .  648 

in  Bermuda,     .           .           .  646 

in  Jamaica,       .            .            .  689 

incubative  period  of,    .            .  479 

localisation  of,              .            .  479 

on  the  West  Coast  of  Africa,  652 

prevention  of,               .           .  478 

quarantine  in,               .            .  480 

water,  propagating,     .            .  64 

remittent,   diffierent  from  true 

yellow-fever,  .            .            .  478 

Yerrauda,  cholera  at,               .           .  62 

2iinc  cisterns,    .            .            .            .  *11 

chloride,           .           .           .  400 

pipes  containing  lead  yield  it  to 

water,             ...  16 

poisoning,  through  water,  12,  69 

tests  from  water,          .  70, 71 

Zooglcea  in  w&teTf         *            .            .  64 


PRINTED  BT  XKILL  AMD  COMTAKi',  kDUTBUEGH. 


f 


This   book    she 
the  Library  on  or 
stamped  beloi^. 

A  line  of  fi^e  c 
by    retaining    it    L 
time. 

Please  retnrn  ^ 


-•'•ic 


*j  -J-.' 


."♦v 


